
Received 26 July 2023, accepted 25 August 2023, date of publication 1 September 2023, date of current version 19 September 2023.

Digital Object Identifier 10.1109/ACCESS.2023.3311369

Improving Power Quality Problems of Isolated
MG Based on ANN Under Different Operating
Conditions Through PMS and ASSC Integration
AHMED HUSSAIN ELMETWALY 1, AZZA AHMED ELDESOUKY 2, HESHAM M. FEKRY 3,
RAMY ADEL YOUNIS1, ABDULWASA B. BARNAWI 4, Z. M. S. ELBARBARY 4,
AND AHMED A. SALEM 5
1The Higher Institute of Engineering at El Shorouk City, El Shorouk Academy, El Shorouk, Cairo 11837, Egypt
2Department of Electrical Power Engineering, Faculty of Engineering, Port Said University, Port Fuad 42526, Egypt
3Department of Electrical Engineering, Egyptian Propylene and Polypropylene Company, Port Said 42527, Egypt
4Electrical Engineering Department, College of Engineering, King Khalid University, Abha 61421, Saudi Arabia
5Department of Electrical Engineering, Faculty of Engineering, Suez Canal University, Ismailia 41522, Egypt

Corresponding author: Ahmed Hussain Elmetwaly (a.hussien@sha.edu.eg)

This work was supported by the Deanship of Scientific Research, King Khalid University, under Grant RGP2/309/44.

ABSTRACT Microgrid (MG) technologies assist the power grid in evolving to become more efficient, less
polluting, and more resilient by addressing the requirements of energy users. However, several technological
issues arise as a result of the unpredictability and difficulty in estimating the efficacy and regulation of the
many renewable energy resources (RERs) incorporated in MGs. Two of the most significant of these issues
are maintaining system stability and power quality, which necessitate to get better the performance of the
MGs. The most difficult challenge, system stability, can be achieved with successful Power Management
System (PMS). This paper proposes an effective PMS for an ACMG equipped with a diesel generator (DG),
a permanent magnet wind generator (PMWG), and a solar photovoltaic (PV) panel Based on an adaptable
Artificial Neural Network (ANN). The ANNweights are properly tuned via the Enhanced Bald Eagle Search
(EBES) optimization algorithm to produce a stable system during the whole training period, achieve MG
energy balance, reduce the usage of fossil fuel DG andmaintainMG voltage stability. In addition, for keeping
power quality, an adaptive series shunt compensator (ASSC) is described in this work, alongwith a developed
integrative PID controller, where the latter’s controller gains are ideally set utilizing the EBES optimization
algorithm to perform adaptably with self-tuning when the operational circumstances of an MG change.
various cases are displayed to test the strong of offered ASSC on harmonic mitigation, dynamic voltage
stabilization, reactive power control and power factor correction. Moreover, comprehensive case study based
on realistic on-site location for Zafarana region, Suez Gulf region of Egypt is proposed. Taking into account
The changing nature of weather-related renewable energy, actual loads states and transient faults.

INDEX TERMS Photovoltaic (PV), power management systems (PMSs), permanent magnet wind generator
(PMWG), artificial neural networks (ANNs), renewable energy resources (RERs).

I. INTRODUCTION
Based on the most recent International Energy Agency data
in 2022, the number of people living in distant areas around
the world without access to electricity will increase by
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about 20 million, reaching nearly 775 million [1]. In such
areas, excessive usage of fossil fuels and diesel generators
has resulted in greater pollution levels, and detectable cli-
mate changes, posing a severe danger to natural ecosystems.
The topic of global CO2 emissions from fuel combus-
tion has gained extreme prominence; like worldwide emis-
sions in 2022 were 33.8 billion tonnes [1]. These negative
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consequences have emphasized the necessity for the utiliza-
tion of renewable energy resources (RERs), which not only
provide major environmental advantages but also for power
generation enhancement [2], [3]. Microgrids (MGs) are cur-
rently seen as an available solution for the integration of
RERs at both distribution system and loads [4]. The usage of
MGs enables RERs to work in isolation in the event of a main
grid outage. This, in turn, aids in some significant advantages
such as, the effective conversion from a passive network to an
active network, regulated power flow management, depend-
able and reliable supply, and power quality improvement [5].
Proper control and coordination techniques among mul-

tiple RERs subsystems is the main challenge confronting
MG performance [5]. Moreover, the control structure of MG
operation, especially at the isolated mode, is distinguished
from conventional central power plants by the well-designed
power management strategy (PMS) [5], [6]. Many studies
have been conducted on MG challenging issues such as
reliability issues, power quality enhancement, optimal size,
cost, energy management and coordination control between
sources and loads [7], [8], [9], [10]. The adaptive neuro fuzzy
inference system (ANFIS) with elephant herd optimization
(EHO) method was used in [11] to accomplish the PM for
an MG consisting of different RERs and a battery bank as
Energy Storage System (ESS) under different load condi-
tions. In Ref. [12], a reliable PMS for concurrent PV, FC,
and wind turbine (WT) operation is presented. The authors
in [13] describe an extensive management of an isolated
microgrid with insufficient energy reserves during contin-
gencies scenarios that might result in a full system outage,
a DSM strategy was also used in [13] to increase the load
sustainability considering the endurance of the ESS. Sev-
eral studies have been conducted to date in order to create
energy management tools for MGs employing metaheuris-
tic techniques and multi-objective optimization procedures.
Because of their search capabilities, such strategies are well
established in facing difficult optimization issues like as the
day-ahead MG’s operation. a smart PMS for an MG based on
ANFIS that includes a doubly fed induction generator DFIG
powered byWT and PV in combination with DG is presented
in [14].

Based on the artificial intelligent of EMS in hierarchi-
cal decentralized MG, The authors in [15] suggest an EMS
scheme based on the marine predator algorithm (MPA) to
handle power utilization efficiently with big hybrid dis-
tributed energy resources while improving PQ difficulties
using an ADVR. In [16], an artificial intelligence-based
energy management system was proposed for simultaneously
lowering an MG’s entire running cost and emissions. The
genetic algorithm (GA) was used in ref [17] to solve an
isolated MG size problem using a multi-objective optimiza-
tion model that sought to reduce emissions and lifetime cost
while optimizing renewable energy integration. the uncer-
tainties elements caused by operation, electricity pricing, and
power system outages that arise from the penetration of large
renewable energy resources are considered a challenging

issue in large scale MG, therefore the multi-MGs (MMGs)
could be a promising solution in mitigation such these chal-
lenges [18], [19], [20], [21].

In spite the PMS benefits in islanded microgrids, limita-
tions may affect their operation like; power quality issues
such as voltage sag, swell, harmonics, three phase faults,
and voltage imbalance happened because of RERs or load
variation are regarded as significant challenges in power
system operation; however, these issues are widely recog-
nized in conventional centralized power systems, but they are
becoming more prevalent with the high penetration of RERs,
particularly in isolated MG.

There is a relation between the power quality issues and
usage the power management systems in grid because of the
needing of power management systems always to install a
lot number of inverter and converters that consequently a
lot of harmonics appears. The ASSC topology has attracted
lots of attention due to its capacity to improve power quality
problems. A discrete nonlinear stabilizer for UPQC in power
networks with low inertia and islanded operational state was
developed in [22] due to the numerous stability issues present
compared to higher level grids. This method proved helpful in
fixing reliability difficulties and enhancing MG PQ profiles.
In [23], a hierarchical controller made up primary controller,
and harmonics block was proposed to mitigate current and
voltage harmonics. Furthermore, according to [24], com-
bining UPQC with multi-microgrid systems can eliminate
various forms of current and voltage harmonics.

Based on the research studies mentioned above, it seems
that not enough effort has been made to establish a compre-
hensive management system for stand-alone MG based on
Artificial Neural Network (ANN) during changes in weather
conditions to achieve MG Power balance, reduce fossil fuel
DG utilization, and maintain MG voltage stability. Further-
more, the suggested ASSC demonstrates its resilience in
dealing with harmonic mitigation, dynamic voltage stability,
reactive power compensation, and power factor enhancement
due to the PQ challenges associated with MG operation.
This work’s key contributions may be summed up as
follows:

1- Based on ANN, a smart robust PMS strategy for an
isolated MG that integrates traditional and renewable
resources is proposed.

2- EBES optimization is introduced as metaheuristic
algorithm for a proper tuning the ANNweights in order to
produce a stable system during the whole training period
and therefore increasing the overall system performance.

3- The proposed system’s performance with the ANN is
investigated in a variety of realistic climatic scenarios
that reflect daily fluctuations in solar irradiance, ambient
temperature, and wind speeds.

4- The recently developed ASSC is investigated, revealing
improved voltage sag, swell, three phase faults and har-
monics. Moreover, THD conditions for the system are
proven to improve the PQ problems.
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TABLE 1. Monthly average meterological data for the Zafarana site for
five years.

5- As an evaluation of the performance of the employed
system to mimic the specified ASSC’s behaviors, a com-
parative analysis of moth flame (MFO), grey wolf opti-
mization (GWO), and EBES techniques is offered.
The rest of the paper is structured as follows: the proposed

system description is described in section II. Section III
introduces the ASSC’s operating principal where the control
methodology of Active Power Filter (APF) and Dynamic
Voltage Restorer (DVR) are investigated. The EBES proce-
dures is studied in section IV. The simulation results and
comments are presented in Section V. Finally, Section VI
introduces the conclusions.

II. SYSTEM DESCRIPTION
The proposed MG is located in the Zafarana area of the Suez
Gulf on Egypt’s Eastern Red Sea coast, at 29′ 112′′ and 32′

6′′ latitude and longitude angles, respectively. Monthly aver-
aged sun irradiance, wind speed, and temperature data from
NASA’s Modern-Era Retrospective Analysis for Research
and Applications (MERRA) [25] are gathered and summa-
rized in Table 1 for a five-year period (2018-2022).

The connected load to the thoroughly tested MG is pro-
vided based on the Suez Canal Company for Electrical
Distribution (CCED) as addressed in [26] with considerably
reduced scaled values. The load profile represents normal
variation of different local connected loads at Zafarana during
a typical day.

Basically, the Zafarana site is divided mostly between
residential and industrial zones. The load, as summarized in
Table 2, consists of seven tourist villages, a hospital, a police
station, and a bank, as well as some water pumping load
for the tourist village landscape regions. The industrial area
consists of three manufacturing industries, including heavy
load industries and lighter manufacturing industries such as
food processing and packaging, with an average daily load
of 2.8 MW. Sun radiation and wind speeds are the key

TABLE 2. Tested mg’s residential and industerial loads.

contributors to the availability of solar and wind energy. The
study is carried out in the Gabel El-Zeit, which is seen in
Fig. 1 and is located in Egypt’s North-Eastern Desert on
the western coast of the Suez Gulf. Location coordinates
were 33◦ 30’ and 24◦ 55’ E, and 27◦ 56’ and 28◦ 10’ N.
Zafarana is considered one of the most suitable locations
for applied the renewable energies technologies in Egypt for
good wind speeds and solar radiation. The solar Atlas for
Egypt mentioned in detail the average values of irradiance
in chosen site from the mid and end of year that moves from
353.4 to 172.1 W/m2 as displayed in Table 1. The proposed
system’s PMS is designed to target:

1. Stable MG voltage.
2. Power balance between the generation and demand.
3. Reduce DG fuel consumption to the lowest level.
4. Monitoring the maximum power point (MPP) of wind and

solar resources.

These targets are accomplished through using a manage-
ment system that anticipates the generated power from RERs
and based on that computes the required mechanical power
with the exact least quantity of diesel engine gasoline.

In general, the ANN is a learning-based clever system
that integrates data processing skills. In a two-pass parameter
updating procedure, the traditional hybrid learning algorithm
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FIGURE 1. (a) The proposed system ‘s schematic diagram and (b) The
system location on the map.

(HLA) for ANN combines gradient descent (GD) and least
squares estimator (LSE). Three inputs and one output make
up the suggested ANN’s design. These are, wind speed, solar
radiation and ambient temperature. The predicted mechan-
ical power from the ANN is to be provided to the DG to
complete the power needed to balance the electrical load.
The suggested ANN, EBES-ANN controllers, are trained
using 260 training examples. Ten arbitrary training examples
are exposed in Table 3. The proposed system‘s schematic
diagram and the real system location on map are depicted in
Fig. 1.

TABLE 3. Ten random samples from ann training samples.

III. THE PROPOSED ASSC
A. THE OPERATING PRINCIPAL OF ASSC
The proposed ASSC structure’s exact construction is shown
in Fig. 2. DVR refers to a full bridge converter that includes
two half-bridge bi-directional voltage source converters, one
with a shunt APF and one with a series APF. The shunt con-
verter is connected to the series converter’s left side. To get
a clean sine spectrum for current (iG) in phase with voltage
(vG), the shunt APF injects reactive and harmonic current
(iP) to compensate the distorted current (iO). The current
relationship is as follows:

iG(t) = iP(t) + io(t) (1)

The grid voltage and current have the following relationships:

vG(t) =
√
2VG sinωt (2)

iG(t) =
√
2IG sinωt (3)

where ω represents the grid angular frequency. vG & iG
represent grid voltage and current in steady-state expressed
as root-mean-square (RMS) values, respectively. Between the
vG and the load voltage (vO), the DVR can be viewed as a
controlled voltage source (vA). The voltages relationship is,

vo(t) = vG(t) + vA(t) (4)

The DVR converter, which regulates the voltage of the
load, receives information about the controlled-out voltage
from an incoming reference signal. To control the voltage
delivered to the load, the reference signal’s amount can be
altered. The grid voltage should be fed in series with the
series DVR to quickly compensate the difference between
the nominal and real voltages. The required voltage should be
always supplied to avoid variations, voltage sags, and flashing
in case of dynamic voltage change.

For the load voltage, it can keep up a decent voltage
quality with constant amplitude. In actuality, the DVR can be
constructed using an inverter with a dc-ac voltage source as
shown in Fig. 2. Energy is required to keep the compensating
voltage at a steady level when the system is undervolted.
As a result, to exchange power and balance the system’s
intake and output power, these two ac sources are linked
using a dc link controller. By introducing current, serving as
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FIGURE 2. The proposed single-phase ASSC.

a rectifier, and filtering current, the APF VSC regulates the
load’s current harmonics. The DVR receives electricity via
the DC connection as well.

For the load voltage, it can keep up a decent voltage
quality with constant amplitude. In actuality, the DVR can be
constructed using an inverter with a dc-ac voltage source as
shown in Fig. 2. Energy is required to keep the compensating
voltage at a steady level when the system is undervolted.
As a result, to exchange power and balance the system’s
intake and output power, these two ac sources are linked
using a dc link controller. By introducing current, serving as
a rectifier, and filtering current, the APF-VSC regulates the
load’s current harmonics. The DVR receives electricity via
the DC connection as well.

Thus, by changing the current amplitude linked to the grid,
the dc link voltage manager regulates the dc link voltage
(vDC ). Up until the dc link voltage hits steady-state, a fixed
number, the system is safe. This implies an equal relation-
ship between the incoming power (pG) and outgoing power
(pO). In a steady condition, the powers are organized as
follows:

pG(t) = p1(t) − p2(t) + po(t) (5)

Figure 2 depicts the three controllers that are connected to
form the system in conclusion. The series DVR compensating
method is meant to work under voltage sag circumstances.
It must deliver a voltage that is in phase with the grid voltage.
The supplied voltage will be out of step with the grid voltage
to allow for a voltage swell.

B. ASSC’S CONTROL METHODOLOGY
In [27], it was suggested that the highly dominant PID con-
troller could be replaced with active disturbance rejection
controller (ADRC), which combines a partially model-based
modern controller [28] with the PID controller and a state
observer (SO) [29]. The purpose of using ADRC is to identify
and counteract disturbances in the system by adjusting the

necessary voltage to ensure that the load voltage remains
within the allowable limits. This is achieved by utilizing an
extended SO (ESO), and the output value of this SO is then
fed into the controller, as shown in [28]. Figure 3 illustrates
the ADRC system with the ESO. The ADRC scheme is
applied to guarantee the state variables of the closed loop
system to converge to the reference state with the help of the
extended state observer by estimating the inertia uncertainty
and external disturbance.

A feedback control system is employed to ensure that the
output of the system follows a reference signal. The use of
state feedback is contingent on the complete set of states
being physically measurable within the system. However,
if the internal state of the system, or its state variables,
cannot be directly measured, an estimation of the states
is required. This estimation is accomplished using a state
observer or observer algorithm. A state observer can esti-
mate the unknown state variables, and if it estimates all
the system’s state variables, it is called a full-order state
observer; otherwise, it is referred to as a reduced-order state
observer. The input to a state observer is the plant’s input and
output signals, and its output is an estimate of the plant’s
state vector. For observable systems, a system observer
can be used to obtain the system’s state vector, and the
observer acts as a subsystem to reconstruct the plant’s state
vector.

Suppose the linear, time-invariant system’s plant is defined
by:

ẋ = Ax + Bu
y = Cx + Du

}
(6)

The mathematical model of the observer will be nearly
identical, with the exception of an added term to account
for the estimation error, which compensates for inaccuracies
in matrices A and B. The estimation error, defined as the
difference between the measured output and the estimated
output, is taken into consideration. The observer’s model can
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FIGURE 3. The proposed control ASSC.

FIGURE 4. MG Response during variable weather conditions: (a) wind speed, (b) solar irradiation, (c) ambient temperature, (d) MG frequency PU,
(e) MG voltage PU (f) DC link voltage PU.

be expressed as follows:

˙̂x = Ax̂ + Bu+ L
(
y− ŷ

)
(7)

˙̂x = (A− L) x̂ + Bu+ Ly (8)

The estimated state of the system is denoted by x̂, and
the estimated output is represented by Cx̂. The observer
takes the output y and control input u as inputs, and L is an
observer gainmatrix. In the case of an extended state observer
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TABLE 4. The EBES optimization algorithm ‘s code.

(ESO), both the internal dynamic uncertainties and external
disturbances are considered as an additional state.

As a precise mathematical model of the system is unavail-
able, the following second-order system is used to represent
the system.

ÿ = bu+ f (y, ẏ,w, t) (9)

In the given system, y represents the output signal, u repre-
sents the input signal,w represents the external disturbance, b
represents system parameters, and t represents time. The non-
linear system function f (y, ẏ,w, t), or simply f , encompasses
both disturbances and uncertainties and is commonly referred
to as the total disturbance. In a distribution system, power
quality can be affected by various disturbances such as volt-
age/current sags, voltage/current swells, and voltage/current
imbalances. If these disturbances occur, they can lead to a
reduction in the overall power quality. If the disturbance can
be eliminated, the system would effectively become a double
integral. Let f̂ denote the estimate of the total disturbance

FIGURE 5. MG Response during variable weather conditions: (a) PV
power, (b) WT power, (c) DG electrical power (d) mechanical DG power.

f (y, ẏ,w, t) from Equation (9). The control signal is selected
by:

uo = bu+ f̂ (10)
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FIGURE 6. MG Response during variable weather conditions Case (ii): (a) wind speed, (b) solar irradiation, (c) ambient
temperature, (d) DC link voltage PU, (e) MG Voltage PU, (F) WT power, and (g) PV power, (h) mechanical DG power (i) electrical DG
power.
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FIGURE 6. (Continued.) MG Response during variable weather conditions
Case (ii): (a) wind speed, (b) solar irradiation, (c) ambient temperature,
(d) DC link voltage PU, (e) MG Voltage PU, (F) WT power, and (g) PV
power, (h) mechanical DG power (i) electrical DG power.

u =
uo − f̂
b

(11)

Substituting u in Equation (9) gives:

ÿ = uo − f̂ + f̂ (12)

So,

ÿ ≃ uo (13)

Since the system would ideally become a pure double-
integrator, a basic proportional derivative (PD) controller
with input signal uO should be adequate to regulate it.

uo = Kp (r − y) + Kd (ṙ − ẏ) (14)

where, Kp and Kd represent the proportional and derivative
gains, respectively, of the PD controller and r denotes refer-
ence signal.

IV. EBES PROCEDURES
The EBES optimization algorithm is a kind of meta-heuristic
algorithm which is based on natural principles. It uses the
hunting strategies of the bald eagle as a bird model. The
BES algorithm has three parts: selecting space, hunting in
space, and swooping. The first part, selecting space, where
the eagle chooses a place with the most prospective preys.
The second part, hunting in space, where the eagle advances
toward the chosen area’s victims. The third part, swoop-
ing, involves the eagle taking off from the optimal location
selected during the swooping phase and flying there. The
EBES algorithm combines the advantages of both the evo-
lutionary and swarm-based approaches [30]. Table 4 depicts
the EBES optimization algorithm ‘s code. The new ASSC-
PI controllers’ gains are adjusted using the fitness function,
which is stated as:

min (J) = min(ITAE) (15)

ITAE =

∫
∞

0
t |et |dt (16)

where J : The suggested ASSC controller ‘s overall
error

ITAE: An acronym for integral time absolute error. et : The
error signal.

The following constraints apply to the optimization issue.
The THD of the current (THDi), calculated using (17),

should be less than (THDi,max) as per IEEE standard.

THDi =

√∑n
h=2 I

2
h

I1
(17)

THDi ≤ THDi,max (18)

V. SIMULATION RESULTS
A. CASE STUDIES FOR PMS
MATLAB/Simulink® platform is used to model and simu-
late the proposed methodology. the simulated system cleared
in Fig. 1. contains WT controller, PV controller, and ANN
controller are its three primary controllers. The primary MG
bus voltage, 575 V, will always be maintained by the WT
controller through regulation of terminal voltages. Addition-
ally, it adjusts the DC-link voltage and maximizes the amount
of energy generated by the available wind. The function of
the PV controller is to extract the most power possible out
of the available irradiation. The PV terminal voltage and
current signals act as the inputs, and the boost converter gate
receive pulses as the output. The ANN controller is also in
responsible for reducing the DG’s fuel usage to a minimum
level. The ANN controller’s inputs and outputs have already
been described before. The performance of the suggested
system with the ANN is first examined under several climatic
settings that simulate the daily variations in solar irradiance,
ambient temperature, and wind speed. To validate the men-
tioned system, two case studies are proposed as:

Case #1: Analysis of PMS using step data input.
Case #2: Analysis of PMS using realistic data input.
Case #1
The irradiance up to the max in the noon before declining

till disappearing at night. Similar to this, the ambient tem-
perature peaks in the middle of the day and troughs at night.
From another point of view, the wind speed daily ranges
are often modest and gradually increases as night falls. The
simulation has also taken into account sudden change in wind
speed, as illustrated in pattern from period t=5 to t=6 s.
The step function is used in the changes of the three studied
weather conditions on purpose in order to test the validity
of the proposed system. As shown In Fig. 4(a), the profile
wind movement simulation starts with 12 m/s then decrease
to 8 m/s and finally returns to 12 m/s but it is going through a
period of sudden upswing from 8 to 10 m/s. In Fig. 4(b), the
profile irradiance simulation starts with 0W/m2 then increase
gradually to 1000 W/m2 and lastly returns to 0 W/m2.
In Fig. 4(c), the temperature simulation starts with 15 c◦ then
increase gradually to 40 c◦ and finally returns to 15 c◦.
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FIGURE 7. Comparison of the system performance during variable weather conditions using (EBES-ANN), and (ANN): (a) MG voltage PU, (b) Load
Power, (c) WT output power MPP, (d) PV MPP.

The detailed power contribution in the MG from solar,
wind, DG and the dispatched mechanical power fromDG due
to the ANN controller are shown in Fig. 5(a), 5(b), 5(c), and
5(d), respectively.

Case study #2:
To validate the proposed algorithm, actual real data are

used for irradiation, wind speed, and ambient temperature as
shown in Table 1.

Wind speed, irradiation, and ambient temperature of the
selected case are shown in Figs.6 (a), (b), and (c) respectively.
Figs. 6 (d), (e), show that changes in three parameters doesn’t
affect the values of either DC link or MG voltages. The
error is always kept within acceptable range throughout the
simulation period.

The power sharing scheme between the different power
sources to supply the load is illustrated in Fig. 6. The WT,
PV output and DG mechanical powers are displayed in

TABLE 5. Comparison of the ADRC controller results under used
techniques (case I).

Fig. 6(f), 6(g) and 6(h), respectively. However, Fig. 6(i) shows
the electrical power generated by the DG as a result of ANN
controller prediction.
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FIGURE 8. Case I Voltage sag results: Terminal voltage before and after
compensation using ASSC.

FIGURE 9. Case II Voltage swell results: Terminal voltage before and after
compensation using ASSC.

FIGURE 10. Case III Three phase fault results: Terminal voltage before
and after compensation using ASSC.

An optimization algorithm (EBES) is implemented to
drive the ANN. The results of (EBES-ANN) is compared
to those of ANN. Fig. 7 displays the comparison of system

FIGURE 11. Case IV Analysis of harmonic distortion: THD for current
before and after compensation.

performance in terms of load power, MG voltage, maximum
power point (MPP) for both PV and WT. These are the four
main criteria that can fully represent the efficiency of the
system.

The MG voltage and load power stability with (EBES-
ANN) are better than those of ANN as in Figs. 7(a) and (b).
The MPP of WT and PV are nearly identical for these meth-
ods in Figs. 7(c) and (d). However, the (EBES-ANFIS) curve
showed greater values than those of the ANN.

B. CASE STUDIES FOR PQ ENHANCEMENT USING ASSC
As illustrated in Fig. 2, the proposed ASSC is tested using the
MATLAB/Simulink platform, regarding the enhancement of
voltage sag, swell, and harmonics. In addition, THD condi-
tions for the system are also studied. The parameters taken
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FIGURE 12. Convergence rates for Case I.

in the MATLAB/Simulink environment are mentioned in
Table 5.

1) CASE I: VOLTAGE SAG
In this case, an overload occurs between 0.2 and 0.3 seconds,
causing the grid voltage to drop to 50% of its maximum value.
The ASSC was able to quickly recognize this sag state and
injects the required output voltage to warranty a sinusoidal
voltage to the load. The DC link has successfully restored
the power that was injected into the parallel converter. Fig. 8
displays the voltage spectrum, before and after compensation,
the load voltage distribution, and the necessary dispatched
voltage.

2) CASE II: VOLTAGE SWELL
Sometimes, the tripping of bug loads leads to voltage swell.
The swell mode was employed for this test from 0.2 to
0.3 seconds, and the voltage at the load terminals is increased
to 140% of its RMS value. The ASSC was found to quickly
recognize this swell state and absorbs the necessary output
voltage magnitude to keep the stability and sinusoidal shape
of the voltage load terminal. The DC link is coming out
well restored the parallel converter’s injected power. Fig. 9
displays the grid voltage spectrum, before and after compen-
sation, the load voltage spectrum, and the required injected
voltage.

3) CASE III: THREE PHASE FAULT
A three-phase fault occurs at the load bus in the time
from t=0.2 s to t= 0.3 s. The DC link has successfully
restored the parallel converter’s injected power. Fig. 10
displays the grid voltage spectrum before and after compen-
sation, the load voltage spectrum, and the required injected
voltage.

4) CASE IV: ANALYSIS OF HARMONIC DISTORTION
THD is an important measurement for determining the degree
of harmonic distortion affecting voltage or current wave-
forms. Fig. 11(a) shows THDi computed for the output
current, and Fig. 11(b) shows the measured THDi of the
input current after taking in consideration to assess the APF
scheme’s efficiency after implementation.

C. COMPARATIVE STUDY
A comparative analysis for the applied optimization methods
action, moth flame (MFO), grey wolf optimization (GWO),
and EBES methods are used by the ADRC controller to
duplicate the attitudes of the offered ASSC typology. Table 5
displays the three algorithms with regard to Case I to mit-
igate the action of the proposed method. As per mentioned
table, EBES constantly affects on the most suitable value
of the objective function of 1.582 with 141.851 s which
is considered rapid processing time. Figure 12 displays the
convergence curve of EBES, MFO, and GWO techniques for
Case I. These results illustrate that EBES influences the best
values of the OF in the least number of iterations consistently.

VI. CONCLUSION
A smart PMS based on ANN has been proposed for a
MG equipped with DG, PMWG, and PV panel. The EBES
optimization algorithm has been utilized to fine tuning the
ANN weights to accomplish different objectives with differ-
ent climatic and fault conditions. The results clear that the
offered strategy is durable and could successfully achieve its
necessary objectives. The superiority of the (EBES-ANN) is
validated compared with the (ANN). In addition, an ADRC
controller with an EBES optimization algorithm has been
designed for adaptive self-tuning performance when MG’s
operating conditions change along with ASSC to preserve
power quality. Finally, under transient MG instabilities cases
and faults conditions, the paper results show how the ASSC
for PQ refinement succeed to keep the system robustness the
power quality.
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