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Optimal tuning of multi-stage PID controller for dynamic frequency control of microgrid
system under climate change scenarios

Introduction. In recent years, the use of renewable energy has become essential to preserve the climate from pollution and global
warming. To utilize renewable energy more effectively, the microgrid system has emerged, which is a combination of renewable energies
such as wind and solar power. However, due to sudden and random climate fluctuations, energy deviation and instability problems have
arisen. To address this, storage systems and diesel engines have been incorporated. Nevertheless, this approach has led to another issue:
frequency deviation in the microgrid system. Therefore, most recent studies have focused on finding ways to reduce frequency deviation.
The goal of this work is to study and compare various improvement methods in terms of frequency deviation. Methodology. We first
simulated the microgrid system using the PID controller based on the following algorithms: krill herd algorithm (KHA) and cuckoo
search algorithm (CSA). In the second phase, we replaced the PID controller with the multi-stage PID controller and optimized its
parameters using the KHA and the CSA. In the final phase, we tested the response of the microgrid system to these methods under a
range of influencing factors. Results. The results initially showed the superiority of the KHA over the other algorithms in improving the
parameters of the PID controller. In the second phase, the results showed a significant advantage of the multi-stage PID controller in
terms of speed and stabilization time, as well as in reducing the frequency deviation compared to the PID controller. Practical value.
Based on the tests conducted on the microgrid system, we can conclude that the multi-stage PID controller based on the KHA can be
relied upon to solve these types of problems within the microgrid system. References 36, tables 4, figures 10.

Key words: microgrid, multi-stage PID controller, frequency control, renewable energy sources, krill herd algorithm, cuckoo
search algorithm.

Bcmyn. B ocmanni poxu guxopucmanus 6i0H061108aHOI enepzii cmano HeoOXioHum 0ns 30epedcents Knimamy i0 3a6pyoHenHs ma
2nobanvbrHozco nomenainus. [na 6inbu epexmuno2o 8UKOPUCMAHHA 8IOHOBTIOBAHOT eHepeli 3 a8Unacsa cucmema Mikpomepedic, aKa €
KOMOIHayielo 8IOHOGMIOBAHUX OJicepell enepaii, makux sk eHepeis eimpy ma conys. OOHAK uepe3 panmogi ma 6Unaokosi KOIUSAHHS
KAIMamy GUHUKIU NpoOiemMu GIOXUNEeHHS ma HecmabitbHocmi ewepeil. /s eupiulenns yiei npobremu Oyau 6KIIOYEHi cucmemu
30epieanns ma ouzenvHi osueynu. Ilpome yeii nioxio npu3eieé 00 iHwiOi npodreMU: GIOXUIEHHA YACMOMU 8 CUCTNEMI MIKDOMEPE (.
Tomy 6invuwicms ocmaHHix 00CNiONHceHb OVI0 30CePe0’CEeHO HA NOULYKY CHOcoDie 3meHueHHa ioxunenHa dacmomu. Memoro
pobomu € ugueHHs | NOPIGHAHHA PIZHUX MemOoOi8 NONNUWeHHA 3 no2aady eioxunenns wacmomu. Memooonozia. Cnovamxy mu
3mMo0eniosanu cucmemy Mikpomepedic 3 guxkopucmanuam IJ[-pecynamopa na ocHO8I HACMYNHUX ANOPUMMIB: ANCOPUMM CMAOA
xkpuna (KHA) ma aneopumm nowyky 303yni (CSA). Ha opyeomy emani mu 3aminunu I1[/J-pecynsimop 6azamocmyninuacmum I11/-
pezyiAmopom ma onmumizyeanu 1o2o napamempu 3 suxopucmanuim KHA ma CSA. Ha 3axmounomy emani mu npomecmyeanu
peakyiio MiKpomepesicegoi cucmemu Ha yi mMemoou npu Huzyi axmopis, wo enausarome. Pesynomamu cnouamky noxasanu
nepeeazy KHA nao inwumu ancopummamu noninuwenns napamempis I1l/[-pecynamopa. Ha opyeomy emani pesynvmamu nokazanu
3Hauny nepegazy bazamocmynenesozo IIl/[-pezynamopa 3 mouku 30py weuokocmi ma uacy cmabinizayii, a makodic 3HUICEHHS
gioxunenns uacmomu 6 nopisuanui 3 Il/]-pecynamopom. Ilpakmuuna wyinnicme. Ha niocmasi eunpobyeans, npoeedeHux Ha
MiKpomepedicesill cucmemi, Mu ModIcemMo 3p0oumu 8UCHO8oK, wo bazamocmyneneguii I11/]-pecyasmop na ocnosi KHA mooice 6ymu
BUKOPUCTAHULL 01 BUPIUUEHHS YuXx Munié npobiem mikpomepeosicegoi cucmemu. bioin. 36, Tabdmn. 4, puc. 10.

Knrouoei cnosa: mikpomepeika, 6ararocrynedesuii II1JI-peryssitop, 4acToTHe KepyBaHHsl, Bi/IHOBJIIOBaHI JuKepeJia eHeprii,
AJITOPUTM CTaJa KPUJIiB, AJITOPUTM NMOUIYKY 303YIi.

Introduction. In recent decades, the world has
observed an increase in the concentration of CO, in the

the unpredictable random fluctuations in energy production
from renewable sources. These results in an imbalance

atmosphere, which can be attributed to the heavy reliance
on fossil fuels and their derivatives to meet energy needs.
This pollution has a number of adverse effects, including
detrimental impacts on human health and the climate.
These include rising temperatures and an increase in the
frequency of natural disasters [1]. Consequently, it has
become imperative to identify sustainable solutions to
eliminate traditional sources of pollution. One potential
solution is to rely on renewable energy sources, such as
wind and solar power. These sources are regarded as
environmentally benign, pollution-free, widely accessible,
and  sustainable.  Following the technological
advancements in renewable energy sources, a novel
concept has emerged: the microgrid. This is an innovative
solution that integrates various renewable energy sources,
in addition to storage systems. A microgrid is a small
electrical system that can operate independently or in
parallel with the main power grid. It can be argued that
microgrid represent a significant advancement in the
pursuit of sustainable and clean energy [2].

The primary challenge confronting the microgrid is
the maintenance of frequency and energy stability, given

between the energy demand and the total energy produced.
Consequently, storage systems for the microgrid, such as
plug-in hybrid electric vehicle (PHEV), have become
indispensable due to their efficacy in buffering and their
capacity for rapid charging and efficient energy storage [3].
They function as reservoirs for storing energy and as
energy suppliers in the event of a deficit in renewable
energy sources to power the load. Nevertheless, this
approach is not always secure or sustainable for supplying
energy to the load [2], which is why a diesel generator
(DEGQG) is added. Although it is a pollutant, it is considered
the last resort when solar, wind energy, and storage
batteries fail to supply the load with energy [3].

The proposed microgrid system in this study is
comprised of a set of photovoltaic (PV) solar cells, wind
turbine generators (WTG), and storage systems represented
by PHEV [3]. The batteries are charged when there is a
surplus of energy from renewable sources and are used to
supply energy when there is a deficit from renewable
sources to meet the load demand. Furthermore, DEG has
been included to provide energy in the event that all
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renewable energy sources fail to meet the load demand.
This solution ensures that the microgrid used in this study
can provide energy in all operating conditions [4, 5].

Once the energy supply for loads had been secured,
a further issue emerged in the form of frequency
deviation, which was caused by random climate
fluctuations. Consequently, the majority of researchers
have recently focused their attention on the development
of control strategies for microgrid systems, employing a
variety of controllers and adjusting their parameters
through the use of different optimization algorithms. The
PID controller has been employed in the majority of
industrial applications, primarily due to its simplicity,
reasonable cost, and desirable performance. PID
controller based on the genetic algorithm has been studied
for frequency deviation control in [6, 7] proposed
optimizing the parameters of the PID controller using the
grey wolf optimization. In [8] proposed optimizing the
parameters of the PID controller based on the harmony
search algorithm. In [9], frequency control in the
microgrid was achieved using the PID controller based on
the fruit fly algorithm. In [10] was proposed to control the
frequency in the microgrid system using PID based on the
algorithm particle swarm optimization (PSO). All the
aforementioned research used the PID controller.
However, this choice has inherent limitations and is not
suitable for these parameters. It may lead to solutions
where the values of the optimizers or the controller
parameters are minimal. Consequently, the methodology
has been revised to incorporate the fractional order PID
(FOPID) controller as an alternative to the PID controller.
This work was addressed in [11], where he controlled the
frequency of the AC microgrid system using the FOPID
controller based on a set of optimization algorithms. In
[12] was optimized the parameters of the FOPID
controller based on the PSO algorithm with the objective
of controlling frequency deviation oscillations as well as
power. Nevertheless, when examining this type of
controller, it became evident that there were still some
limitations in applying optimization algorithms to adjust
the parameters of the PID controller [10]. Consequently,
another controller was employed by other researchers,
namely the multi-stage PID (MPID) controller,
comprising two distinct controllers, namely PD and PI. In
[13] was applied fuzzy logic to determine the parameters
of the MPID controller for frequency control of the
microgrid. Despite the fact that the fuzzy logic method is
considered classical compared to modern optimization
algorithms, this study yielded good results. In [14] was
used the MPID controller to control the frequency of the
isolated microgrid using a set of optimization algorithms.
This research resulted in a prompt and effective response
to frequency stability issues. In addition, in [15] was
investigated frequency and power stability using the
MPID controller based on the smell agent optimization.
Following the aforementioned studies, the researchers
proposed the use of the MPID controller in this study.

MPID is a controller comprising two distinct
controllers connected in series. The initial PI controller is
tasked with ensuring rapid response and the minimization of
undesired distortions. Subsequently, the second PID
controller is responsible for maintaining accuracy and

reducing the error rate. This type of controller is highly
flexible and capable of handling complex systems such as
microgrid. In order to achieve an optimal design of the
MPID controller, it is necessary to utilize optimization
algorithms in order to determine the optimal values of its
parameters [16].

In order to achieve enhanced and more desirable
stability in the microgrid system, it is essential to determine
the optimal values of the MPID controller constants. In
order to achieve this objective, two optimization algorithms
were subjected to investigation: the krill herd algorithm
(KHA) and the cuckoo search algorithm (CSA) were
considered. These are distinct algorithms that belong to the
category of nature-inspired or evolutionary algorithms. The
fundamental principles of these algorithms have been
elucidated in [17-23]. KHA is slower in finding solutions
due to its complex calculations related to krill movement.
Nevertheless, it is regarded as more efficacious in
addressing intricate systems and attaining optimal solutions
in comparison to the CSA [17, 18]. Conversely, the CSA is
relatively straightforward to implement due to its simplicity
in application and design, and it requires minimal
information to search the solution space [15, 21-23]. In
order to enhance the frequency deviation in the microgrid,
a study was conducted to assess the efficacy of these two
algorithms when employed with the MPID controller.
Consequently, a series of simulations were conducted in
MATLAB with the objective of comparing the two
algorithms and achieving a stable system. A series of
scenarios representing potential operating conditions of the
microgrid were conducted. The scenarios included:

1) Scenario I. Evaluation of technical response
KHA-PID compared to PSO-PID and CSA-PID against
disturbance load AP;.

2) Scenario II. Evaluating the response of the MPID
controller and comparing it with the PID controller using
the KHA and CSA against disturbance load AP;.

3) Scenario III. In this scenario we compared the
two approaches proposed in this research MPID-KHA
and MPID-CSA wunder different possible operating
conditions APy, APpy, APy in the microgrid.

4) Scenario IV. In this scenario we pointed out the
role and effectiveness of electric car batteries in improving
and controlling frequency deviation in microgrid.

Microgrid concept. Figure 1 shows a microgrid
used in remote electric vehicle charging stations,
consisting of two renewable energy sources: solar energy
and wind energy.
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Fig. 1. Structure overview on proposed isolated microgrid
system Bella Coola

Due to the random fluctuations in climate that affect
energy production and stability [15], storage systems and a
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DEG have been incorporated into the system to ensure
stability. However, these additions are not sufficient to
regulate the frequency deviation of the microgrid.
Therefore, the implementation of control systems such as
the PID controller and the MPID controller is essential [24].
Modeling of different generation components. In
order to analyze small signals in order to verify the
reliability and stability of frequency deviation for the
microgrid system, models can be designed. These models
can include PV, WTG, DEG and PHEV, which can be
modeled by the first-order transfer function. First, starting
from Fig. 1, the energy balance equation for the energy
released by the microgrid can be written as [14, 15]:
Fs = Ppy + Byrg + Ppeg — PprEy » (1)
where Py is the total average power generation.
The generation-load balance equation is:
APy, = APpy + AByrg + APppG — APpppy - (2)
From (2) we infer that variations in power
generation have a significant impact on frequency
deviation in the system. Therefore, frequency deviation Af
can be expressed from [25, 26]:
TFg = 4 1 _ 1 ’ 3)
AP, kg(1+S-Tg) M-S+D
where M, D are the equivalent inertia constant and
damping constant, respectively; Af is the frequency
deviation; kg is the gain constant of the microgrid; Ty is
the time constant; 7Fs is the transfer function of the
microgrid; S is the Laplace variable.
From (3), (4) the frequency deviation of the
microgrid system can be expressed as:

Af = ——|APpy + AR, + AP — AP .4
if M~S+D[ PV WG DEG oy ] (4)

In order to study the variations in frequency
deviation, it is necessary to examine each element of the
energy sources connected to the microgrid.

Model of PV generation system. Solar energy is
cheap and easy to make and install. It is made up of a set
of connected PV cells, either in parallel or series. These
cells turn sunlight into electricity. This can be expressed
as [24-27]:

T F PV = = KPV H (5 )
A 1+S-Tpy
where TFpy is the transfer function of the PV system;
APpy is the change in output power; 4¢ is the change in
solar irradiance; Kpy is the gain constant of the PV; Tpy is
the time constant.

Model of the wind energy. Wind energy involves
converting kinetic energy into electrical energy through
the rotation of large turbines directly connected to the
rotor of the electrical generator. It can be expressed
mathematically as [25-27]:

%, (6)
1+8-T; WTG

where TFyrc is the transfer function; Kyrs is the gain
constant of the WTG; Ty is the time constant.

DEG model. DEG is a traditional source of power
production and is used in cases of renewable energy system
failure and energy storage systems to supply power to the
load. It represents a reliable source for providing energy to
the microgrid and can be expressed as [24, 25]:

TFyrG =

KpEG
, (7

1+8-T, DEG
where TFpg¢ is the transfer function of the DEG; Kpgg is
the gain constant of the DEG; Tpgg is the time constant.

PHEV model. Electric vehicles are considered an
important element in this work as they serve two functions:
acting as a load and serving as a source for energy storage
and load financing in case renewable energy sources fail.
They represent an alternative for energy storage to meet
needs in controlling frequency deviations in the microgrid.
The energy present in electric vehicles can be expressed
based on frequency deviation as [28]:

TFpgG =

_APmax 'UC <_APmax5
APpypy == AFnax -Uc > —=ABpa; (®)

Uc|Uc| < APy

where Uc is the output signal determines whether the
APpygy will be employed for either charging or
discharging purposes [28]; Pyax is the maximum power
that can be obtained from an individual electric vehicle.

The battery’s state of charge (SOC) influences the
value of Kzy (Fig. 2) depicting the relationship between
Kgy and SOC for PHEV [29, 30].
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Fig. 2. Representing the charging and discharging PHEV
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Following analysis and simplification, the ultimate
mathematical expression can be represented in the format
of a first-order simplifier:

K
NEV{AUC —Af~REV}
AP _ av , 9
PHEV 15T, )

where APpypy is the energy generated by a single PHEV;
Ngy is the total number of electric vehicles; AU is the
controller’s output signal; Afis the frequency deviation; Kgy is
the gain constant of the PHEV; R,, is the droop characteristics
of the PHEV; Tgy is the battery time constant [28].

MPID controller and objective function. MPID
controller is a controller that has the same general concept
as a classical controller PID controller in that it adjusts or
corrects deviations between the measured variable and the
desired set point [16]. It consists of two units PD and PI
connected in series (Fig. 3).

K, 1
l | l Control
Af Signal
® 6

o N
Jerivative .
in 1
s ¢
Integral gain

Fig. 3. Block diagram of MPID controller

The unit PD is the first one, and its input is the
distortion ratio at the frequency Af and its output is the
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input to unit PI. The output of unit PI serves as an
enhanced signal for the frequency using AUc. One of the
advantages of unit MPID is that all controller parameters
in all stages of frequency variation for the microgrid
system can be maximally utilized [13].

MPID controller has an advantage over the classic
controller, as it can use the best features of both controllers
PD and PI controllers. In the PI controller, the integral term
must exist during steady state and the output is constant to
the PD controller. This means that the integrated output
will be zero during the transient, avoiding the limitation of
classical PID. This controller has been successfully applied
to many engineering problems [13]. MPID controller is
connected to the microgrid and can be implemented as
shown in Fig. 4. The mathematical model of the MPID
controller can be expressed as:

Ki
R j, (10)

AU ¢
A
where AU, is the control signal; K; is the integral gain;
K, is the proportional gain; K, is the derivative gain;
K, is the additional proportional gain.

Optimisation
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[ ] 2
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Wind power [ I STwre + 1 [

Fig. 4. Dynamic model of the proposed isolated microgrid

Table 1 represents list of all microgrid constants.

Table 1
List of all microgrid constants

Parameter Value Parameter Value

M(S) 0.1667 Ty 0.025
D(MW) 0.015 7, 2
TpiS) 1.8 T; 3
Twre 2 Kpy 1
Try 0.1 Kyre 1

R, (Hz/MW) 2.4 Ngy 600

Objective function and optimization of MPID
controller. The disturbances that cause deviations in the
frequency of the microgrid system are a result of random
fluctuations in the production of energy, especially from
renewable energy sources [19]. Addressing this issue
requires precise and quick adjustments in the controller
parameters. To tackle this problem, we have studied the
following two algorithms:

Overview of KHA. KHA is an optimization algorithm
inspired by the natural behavior of a krill swarm, where it
relies on collective behavior in searching for nesting areas,
food and encounter and move away from predators. The
main components of the KHA include [31-33]: krill
individuals; krill swarm leader; interaction among swarm
individuals; selection and adaptation.

predators, and the solutions can be expressed in the
following mathematical form [32]:

e To determine the optimal location for food
abundance we use the following relationship:
X X;
AX?ZQZN f( ) f( ) (11)

=R
e To determine the distance of a hard krill herd from
enemies, we use the following mathematical relationship:

af =Y 8 (12)

e Finally, to determine the safe space for swarm
stability, which is the ideal and best solution, we use the
following mathematical relationship:

Xt +1) =x; () + A + AT

X; —x”

(13)

where Ax” is the new value of dining space; Ax" is the new
value for the swarm’s distance from the enemy; x; is the
new candidate solution that replaces the less-fit solution x;
is the current solution within the search space; N is the
number of solutions; a, B are the interaction coefficients
for attraction and repulsion; f(x;) and f(x;) are the objective
function values for solutions j and i, respectively.

Application of KHA to optimize the MPID
controller. At this stage we explain how to improve the
MPID controller using the algorithm:

Step 1 - initialization. Choose random search
spaces using (12) and (13). Since the proposed controller
contains (K,, K, K,,, K;) as 4 basic control parameters,
start by searching for random solutions of the parameters.

Step 2 — evaluate solutions. At this stage we
evaluate the solutions using (15).

Step 3 — selection. We mark the best solution and
update the parameters MPID controller of the KHA.

Step 4 — algorithm termination. At the end of the
iterations number, the algorithm chooses the best solution.

Cuckoo search algorithm. CSA was proposed in
[17], inspired by the natural life of the cuckoo bird. The
strategy relies on the reproductive behavior of the female
cuckoo, which lays its eggs in the nests of other bird
species to avoid the effort of building nests and caring for
the eggs and chicks. This algorithm focuses on two main
conditions for its success [34—36]:

o the female cuckoo randomly selects the best nests
built by other birds;

o the female cuckoo disposes of the eggs far away
from the nest and lays her own eggs at each stage. She
repeats this process until only one egg from the other
species remains.

Eggs are the primary problem in this algorithm, with
the cuckoo’s egg being the new solution generated. This
solution is calculated using the Levy Flight distribution as
follows [33]:

x;(t+1) =x;()+a-levy(1) ; (14)

levy(2) = s -(x;(£) = Xposs ) : (15)
where x; is the new candidate solution that replaces the
less-fit solution; x; is the current solution in the search
space; A is the Levy exponent; a is the constant; X, is
the best current solution; i =1, 2, 3,..., N:

In the KHA each solution can be represented by the s=0, U -|V|7l/ B (16)
foraging space or the distance between it and the
Electrical Engineering & Electromechanics, 2025, no. 1 11



where s is the step size used to update solutions in the
algorithm, o; is the scaling factor or coefficient that
determines the overall impact of the step size; u is a
random variable generated from a Levy distribution; V is
the distance between the current solution and the best
existing solution; £ is the parameter that controls the
behavior of the power-law of the system

If the host bird detects the cuckoo egg, it means that
the condition x;<x; is true, the host bird discards this
cuckoo egg (the new solution is modified) and it is
replaced with a new solution calculated as follows:

x;(t+1) = x;(¢) + rand(n —ny) for ny,ny,...,N .

17)

Application of CSA algorithm to optimize the
MPID controller.

Step 1 — initialization. Proposing a number of
random solutions within the nest search area, we then
evaluate each solution using the objective function.

Step 2 — MPID controller initialization. Initialize
K,, K, K;, K,, parameters and error conditions (current
error, cumulative error, and previous error).

Step 3. At each iteration, we adjust the MPID
controller parameters using Levy trips.

Step 4. Repeat the above steps until convergence or
the maximum number of iterations is reached.

Step 5 — best solution. We select the best set of
parameters found during the search for the MPID controller.
—— Begin

Define the objective function

Define the maximum number (n) of iterations and

other parameters
— while (x < MaxGeneration):

Obtain a cuckoo randomly via Levi’s flights and
then we determine the MPID parameters

Evaluate its fitness Fi

Choose a nest among n (say j) randomly

if x>x;
’> Replace F; with the new parameters
» End if

—» End while
A group of bad nests is abandoned, and one nest is
chosen as the best solution, which expresses the
values of the constants for MPID controller.

—» End.

Results and discussions. We evaluated the
performance of the isolated microgrid system using a
MATLAB/Simulink in a time domain of 250 s (Fig. 2).
We applied KHA and CSA to improve the parameters of
MPID controller for good control of the frequency
deviation of the system. In addition to comparing them,
we conducted a set of operating scenarios for the
microgrid, which are as follows.

Scenario 1. Evaluation of technical response KHA-
PID compared to PSO-PID and CSA-PID against
disturbance load AP;. In this scenario, we simulated the
microgrid using the PID controller optimized with KHA,
CSA and PSO. As Table 2 shows the values for PID
controller optimized with these algorithms, we also
compared these results in Fig. 5 showed the superiority of
the KHA in terms of speed in stability time, as well as a
decrease in unwanted frequency changes. Then followed by

the CSA, which also showed its superiority over PSO
algorithm. Given these results obtained, they are considered
undesirable. Therefore, it has become necessary to search
for another approach and work on it.
Table 2
Optimal parameters of the PID controller based on
PSO, KHA and CSA

Optimized gains
Methods X, K, X, v
PSO-PID 1.032 1.624 1.1992 100.226
CSA-PID 1.395 1.4281 1.9078 59.26
KHA-PID 2.4702 2.670 1.01 78.3
| Zf, Hz

t,s

[Eiee

o 200 250

Fig. 5. Frequency disturbance response in the microgrid syste
using PSO-PID, CSA-PID, KHA-PID

Scenario II. Evaluating the response of the MPID
controller and comparing it with the PID controller
using the KHA and CSA against disturbance load AP,.
In this scenario, we performed frequency deviation
simulations using PID and MPID controllers with an
optimization algorithm. Table 3 shows the numerical
values for each parameter of these controllers. The results
(Fig. 6) showed the extent of the superiority of the MPID
controller in reducing unwanted frequency deviations
compared to PID controller despite using 2 different types
of optimization algorithms.

Table 3
Optimal parameters of the MPID controllers based KHA and CSA
Optimized gains
Methods X X X, X, ~

KHA-MPID | 4.9736 | 4.3943 | 4.5787 | 0.490 | 36.753

CSA-MPID | 4.650 2.05 2.980 | 0.297 | 28.962
far e ==

ol—A A r L L' h' h h a)
1s |- ] 6, s

os

as -

Fig. 6. Microgrid frequency disturbance response using
KHA-PID (a) and CSA-PID (b)
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Scenario III. In this scenario, we compared the two
approaches proposed in this research MPID-KHA and
MPID-CSA under different possible operating conditions
(AP, APpy, APyrc) in the microgrid. In this scenario, we
tested frequency drift under a different set of influences
and obstacles to the microgrid, namely stochastic changes
in climate. We implemented a number of simulation cases
as follows.

Case 1. In this case, we place the microgrid under
AP, which represents the energy change in the batteries
(Fig. 7,a). Figure 7,b represents the frequency deviation
response Af'in the microgrid.

D(S»APL’ pu. |
0.04 : —' . L
003f
a
002 )
00}
0
t,s
0 50 100 150 200 250
=104 .
JarHz ===

M,

t,s

o

Fig. 7. Frequency disturbance response of KHA-MPID
and CSA-MPID under load disturbances AP;

Case 2. In this case, we disconnected the battery
source and the solar energy source, and connected only
the wind energy APy (Fig. 8,a). Figure 8,b represents
the frequency deviation Af'in this case.

T T T 3

03F T
APWT(;, p-u.

025t ! i 1 1 :

o2l ——

Fig. 8. Frequency disturbance response of KHA-MPID
and CSA-MPID under wind energy APyrg

Case 3. In this case, we also disconnected the battery
source as well as the wind power source, and connected
only the solar power AP, (Fig. 9,a). Figure 9,b represents
the frequency deviation Af'in this case.

T T I T

-APPV, p-u.

a)

YA ¥ —
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t,s

o

Fig. 9. Frequency disturbance response of KHA-MPID
and CSA-MPID under AP,

The objective of these 3 cases is to demonstrate the
superiority of the proposed approaches in controlling
frequency deviation under various factors affecting the
microgrid. Through these results, we observe the
significant superiority of KHA-MPID over CSA-MPID in
terms of greatly reducing the frequency distortion
percentage as well as the speed in reaching the stability
state or the settling time.

Scenario IV. In this scenario, we pointed out the role
and effectiveness of PHEV in improving and controlling
frequency deviation in microgrid. Table 4 represents the
percentage of change in electric car batteries (charge rate)
as we connect the batteries to the microgrid system. The
results in Fig. 10 show that batteries play a major role in
reducing and improving frequency deviation, and therefore
we say that the storage system has great effectiveness in
improving the performance of the microgrid system.

Table 4
Percentage variation in PHEV
Percentage Parameters PHEVs
variation, % R, Tey Kgy | Ngy
+30 0.72 | 0.03 | 0.54 | 180
+50 1.2 0.05 0.9 300
+70 1.68 | 0.07 1.26 | 420
a0 0%
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Fig. 10. Effect of frequency deviation in the microgrid versus
a difference in battery charge percentage of
+30 % (a); 50 % (b); £70 % (¢)

Conclusions. In this research we proposed a study to
propose an approach to control the frequency deviation of
the microgrid system caused by random climate changes.
Therefore, we used the MPID controller with two
optimization algorithms (KHA and CSA) to adjust the
parameters of the controller.

To verify the effectiveness of this approach, we
initially compared it with the PID controller based on the
same two algorithms. The obtained results demonstrated
the superiority of the proposed approach in terms of system
stability in terms of faster settling time and lower distortion
ratio in the deviation. In the second phase, we confirmed
the robustness of this approach in controlling the frequency
deviation by conducting several potential impact scenarios.
We also demonstrated the superiority of the KHA over
CSA using the MPID controller. Finally, based on previous
studies and the results obtained in this study, we can
confirm that the MPID controller based on the KHA can be
relied upon to solve these types of problems, such as
controlling frequency deviation in a microgrid.
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