
Received 6 August 2023, accepted 20 August 2023, date of publication 23 August 2023, date of current version 30 August 2023.

Digital Object Identifier 10.1109/ACCESS.2023.3308039

Adaptive-Width Generalized Correntropy
Diffusion Algorithm for Robust Control Strategy
of Microgrid Autonomous Operation
AHMED M. HUSSIEN 1, HANY M. HASANIEN 1,2, (Senior Member, IEEE),
MOHAMMED H. QAIS 3, (Member, IEEE),
AND SAAD ALGHUWAINEM4, (Senior Member, IEEE)
1Electrical Engineering Department, Faculty of Engineering and Technology, Future University in Egypt, Cairo 11835, Egypt
2Electrical Power and Machines Department, Faculty of Engineering, Ain Shams University, Cairo 11517, Egypt
3Centre for Advances in Reliability and Safety, Hong Kong, China
4Electrical Engineering Department, College of Engineering, King Saud University, Riyadh 11421, Saudi Arabia

Corresponding author: Hany M. Hasanien (hanyhasanien@ieee.org)

This work was supported by King Saud University, Riyadh, Saudi Arabia, through Researchers Supporting under Project RSP2023R307.

ABSTRACT This study introduces a new method for achieving the robust performance of an isolated
microgrid (MG) using an adaptive-width generalized correntropy diffusion algorithm (AWGC-DA). In the
approach, the width of the kernel is adjustable, allowing the program to reject misleading input from
attackers; the technique may identify attackers using a simple identification rule. The Response Surface
Methodology is utilized in combination with three optimization algorithms: the Coot bird metaheuristic
optimizer (COOT), the sunflower optimization (SFO), and the particle swarm optimization (PSO) to improve
the technique’s effectiveness. To assess the effectiveness of the new technique, a standard microgrid is tested
under three different scenarios: (1) disconnected from the utility grid (autonomous status); (2) variations
in load while in autonomous status; and (3) a three-phase fault while in autonomous status. In addition,
numerous simulations are performed using the PSCAD/EMTDC software to verify the efficacy of the
proposed technique. Themain contribution of this study is to enhance the system transients byminimizing the
overshoots, steady state error, and settling time which increases the efficacy of the autonomous MG process.
Finally, to demonstrate its validity, the performance of the suggested approach is compared to that of other
methods, including the LMSRE-based adaptive control, EBS-ABA, COOT, SFO, and PSO algorithms. The
results confirm that the AWGC-DA method outperforms the other methods regarding the system’s transient
response.

INDEX TERMS Adaptive-width generalized correntropy diffusion algorithm, microgrid, adaptive control.

I. INTRODUCTION
A. PROBLEM STATEMEN
The transformation of decentralized renewable power net-
works is currently undergoing substantial changes to cope
with the surge in the load profile. These developments have
yielded technical, scientific, environmental, and economic
benefits. However, the load demand is increasing rapidly,
underscoring the urgency of replacing centralized power
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plants with distributed generators (DGs) strategically posi-
tioned across distribution networks [1]. Implementing this
approach can prove highly effective in minimizing transmis-
sion losses and obviating the need for extensive transmission
networks. However, to ensure a continuous power supply
by the DG units, certain factors must be considered. Conse-
quently, the microgrid (MG) concept has emerged, compris-
ing DGs and their local loads.

MGs are essentially small-scale grid schemes that can be
controlled and utilized in one of two ways: grid-tied or grid-
off (islanded) mode, as per the electricity requirements [2].
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The utility identifies the MG voltage and frequency in the
grid-tied status. However, their powers need to be regulated.
Conversely, when in islanded mode, the voltage and fre-
quency of the MG need to be adjusted [3]. Thus, it becomes
imperative to keep track of the operation of DGunits to ensure
a continuous power supply to the load.

In off-grid mode, various sophisticated control systems
are employed to guarantee adequate and secure operation.
These control techniques can be categorized as droop con-
trol (DCL), centralized control (CC), and multi-variable and
servo-mechanism (MASM) tactics. DCL enables peer-to-
peer administration and plug-and-play capabilities by sep-
arately controlling the outputs of several DGs, eliminating
the need for communication between them. An Active and
reactive power DCL-based remote controller technique has
been recommended [4]. Moreover, a completely decentral-
ized solution based on dual-frequency-droop regulation has
been developed [5]. A notable benefit of DCL is its abil-
ity to coordinate distributed units independently, thereby
improving resilience and dependability compared to ear-
lier power-sharing and MG frequency-regulating techniques.
Nevertheless, with smaller-voltage MGs, line impedance has
a major impact on control efficiency, which causes power
coupling [6]. To address this issue, the imaginary vectors
conversionmethod has been enhanced [7], even though it may
have an impact on dependability. In contrast, CC techniques
need higher bandwidth links, and any disturbance in these
networks could end up with an MG failure. Therefore, a CC
scheme for DC MG constructed on autonomous commu-
nications has been developed and implemented [8]. Lastly,
an innovative approach for developing MASM systems with
many inputs and outputs, as well as open-loop system control,
has been provided [9]. Nonetheless, its vast complexity is a
hurdle.

Of its significant stabilization borders, the proportional-
integral controller (PI-C) is frequently employed for non-
linear systems. However, it falls into deficiencies regarding
variant parameter tolerance and system nonlinearities. As a
result, determining the optimum PI configuration in this
system is a substantial task. Significant efforts have been
undertaken in recent years to build the perfect MG controller
to provide a stable system. When the system is believed
to be linear, PI-Cs employ a dq converter to modify the
converter’s output voltage [10], and they are adjusted using
simple processes like the Ziegler-Nichols approach [11]. The
PI-C, on the other hand, delivers saturated outcomes, low-
ering system durability through a more significant phase lag.
Controllers react promptly to changes in parameters and oper-
ating situations [12]. An autonomous PI-C for controlling a
hybrid power network has been presented in [13]. In addi-
tion, numerousmetaheuristic algorithms that replicate natural
or physical phenomena are capable of solving objective
functions.

Natural phenomena like animals, humans, and sci-
ence Natural phenomena like animals, humans, and sci-
ence are used to develop metaheuristic techniques [14].

Enhanced Transient Search Optimization for power flow
problems [15]. Developed Circle Search Algorithm for opti-
mal power flow problem [16]. A hybrid optimization based
on machine learning and transient search optimization to
resolve the optimum power flow issue [17]. To determine
the design factors of proton exchange membrane fuel cells,
the Enhanced Bald Eagle Search Algorithm is used. [18].
Furthermore, numerous optimization approaches, such as
genetic algorithms [19], [20], [21], chaotic map-based
chameleon Swarm Algorithm [22], the Sunflower (SFO)
algorithm [23], Artificial Rabbits Optimizer [24], the Cut-
tlefish optimization algorithm [25], the particle swarm
optimization (PSO) [26], [27], [28], [29], particle swarm
optimization-gravitational search algorithm [30], Artificial
Fish Swarm Algorithm [31], and improved Mutation particle
swarm optimization [32]. Many of these approaches possess
both advantages and challenges [33]. However, we are still a
longway from establishing a comprehensive universal bench-
mark for the MG system.

B. LITERATURE SURVE
Even though optimization approaches are effective and
resilient implements for creating PI-Cs, they have sub-
stantial limitations, including a problematic methodology,
a high memory requirement, and a more extended optimiza-
tion procedure. Therefore, the adaptive PI-C is an excellent
alternative for modifying PI-C settings in real time with-
out using any optimization approaches. This cuts down on
the duration dedicated to the structure and the effort put
into this challenge. Furthermore, multiple adaption strate-
gies were applied to fine-tune the PI-C. Adaptive control
(ACL) is proposed based on an affine projection method
and has a faster convergence time and less system complex-
ity than optimization approaches [34]. It also has several
visually pleasing aspects, such as the coefficient vector. Fur-
thermore, this technique consistently obtains correct data
regardless of the variables, as explained in [35] and [36]
presents a unique ACL outperforming previous techniques
by leveraging a set-membership engine approach. A pole-
shifting self-tuning ACL was also used to improve the
dynamic response of two linked autonomous MGs [37].
An adaptive PI controller has been implemented with The
least mean and the square root of exponential (LMSRE)
algorithm to calculate controller parameters for improving
autonomousmicrogrid operation efficiency in [38]. The intro-
duction of an actual negative error normalizes this technique.
LMSRE also provides fast convergence and dependability
with little error. The continuous P norm hybrid technique
is introduced as a unique ACL that rapidly updates the
fuzzy controller structure [39]. In [40], A cascaded control
approach with an improved multiband structured sub-band
adaptive filter technique is applied to alter voltage source
converters. A fuzzy PI controller-based model, reference
ACL, is proposed for improving the dynamic performance
of many linked MGs using the coronavirus herd immunity
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optimizer [41]. Reference [42] describes a new approach
for optimal management of an islanded MG based on
an improved block-sparse adaptive Bayesian algorithm
(EBSABA). The benefits of the EBS-ABA include fast con-
vergence, a simple approach, and reduced computational
complications. Conventional adaptive methods have been
outperformed by the Adaptive-Width Generalized Corren-
tropy Diffusion Algorithm (AWGC-DA) [43], and we pro-
pose using the GC kernel cost function to render the DA
concurrently reliable against impulsive noise and incorrect
information insertion attack. In the technique, the width of
the kernel is adjustable, allowing the program to reject mis-
leading input from attackers. The technique may identify
attackers using a simple identification rule that compares the
width of the kernel to a limit. This is the crucial reason why
the authors employed this outstanding durability approach for
continuous modification of the DGs’ PI-C gains.

C. THE MAJOR CONTRIBUTION
This study contributes to that pool by presenting a novel
method for optimal control of off-grid MGs based on the
AWGC-DA. To increase the efficacy of the autonomous
MG process, this work applies this adaptive approach in a
PI-C optimal control strategy with numerous PI-C param-
eters. Multiple simulations illustrate the usefulness of the
suggested AWGC-DA in the scheme’s transient responses
over LMSRE-based ACL, EBS-ABA, and other non-adaptive
methods, like the COOT, SFO, and PSO techniques, to vali-
date the suggested approach.

The presented work assists in filling the gaps that have
already been demonstrated by:

1) investigating the recently proposedAWGC-DAmethod
on an altered PI-C to improve MG efficacy,

2) Demonstrating the viability of the novel method by
examining the MG during three distinct operating
scenarios:

a) Isolated from the utility (off-grid mode);
b) Load changes during off-grid mode; and
c) a symmetrical fault under the off-grid mode.

3) Prove the superiority of the offered adaptive tech-
nique using a comparison studywith other optimization
methods.

This is how the following sections of the paper are arranged.
TheMGmodeling is shown in the second section. The control
mechanism is described in the third section. The method
structures are depicted in the fourth section. The fifth section
depicts conventional optimization strategies and procedures
involved in modeling. In the sixth section, we present and
discuss the results obtained from the simulations. Finally, the
conclusion is given in the final paragraph.

II. MG MODELING
Figure 1 displays an MG that has been essentially divided
into three DGs coupled through transmission wires. Through
PCC 1, transmission wires connect the main grid to the DGs.

TABLE 1. MG data.

To avoid unneeded power quality issues, each DG has a DC
supply linked to pulse width modulation (PWM) and linked
to a transformer by a filter. Following the 1-Y transformer,
RLC load is applied. Table 1 contains the MG information.
The suggestedMGs can be controlled and utilized in either:

grid-tied or grid-off status, per the electricity requirements.
The utility identifies the PCC voltage and frequency in the
grid-tied status. However, their powers need to be regulated.
Conversely, when in islanded mode, the voltage and fre-
quency of the MG need to be adjusted. Thus, it becomes
imperative to keep track of the operation of DGunits to ensure
a continuous power supply to the load. This paper focuses
on increasing MG efficacy in islanded mode by utilizing the
cascade control method, detailed in the following section.

III. CONTROL MECHANISM
Each DG has two layers of control relies on the cascad-
ing control technique. The outer layer manages active and
reactive powers in the grid-tied mode. The inner layer simul-
taneously tunes the direct and quadrature (d-q) current com-
ponents (Icon._d, Icon_q) to manage the voltages of the PCC.
In the autonomous mode, the outer layer regulates both d-q
voltages (Vq, Vd), while the inner control layer tunes the d-q
currents. The process of transformation for the d-q references
voltages (Vcon._d∗, Vcon._q∗) provides the reference voltages
(Vcon._a∗, Vcon._b∗, Vcon._c∗). The four PIs shown in Figure 2
are used to generate Vcon._d∗ and Vcon._q∗. Eventually, the
inverter applies a comparator to compare a triangle signal to
the reference voltages.

The parameters of the PI-Cs are estimated using
AWGC-DA and other techniques. The fourth section goes
into further detail about these PI-Cs.

IV. PROCESS OF DESIGN
A. GAINS CONFIGURATION
This research employs six PI-Cs, with each DG using two
controllers. Specifically, DG1 employs PI11 and PI12, DG2
employs PI21 and PI22, and DG3 employs PI31 and PI32.
The PI-Cs parameters utilized in this research are the pro-

portional gain (KP) and integral time constants (TI). In partic-
ular, PI11’s KP is represented by N1, PI11’s TI is represented
by N2, PI12’s KP is represented by N3, and so on, with PI32’s
KP represented by N11 and PI32’s TI represented by N12.

This study employed three boundaries for the parameters
of the controllers, which are presented in Table 2
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FIGURE 1. MG diagram.
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FIGURE 2. The control scheme for islanding MG.

TABLE 2. RSM boundaries.

B. PSCAD/EMTDC SOFTWARE
PSCAD program is used to model the MG network. The data
obtained from those models under various conditions is sent
into the response surface methodology (RSM).

C. RSM & MINITAB SOFTWARE
The RSM, a computational technique, employs a robust ana-
lytical approach to establish relationships between inputs
and outputs [44]. The inputs for the RSM consist of the
steady-state error (Esse), maximum overshoot and undershoot
percentages (MPOT and MPUT), and settling time (Tstl) of
the voltage profile. These values are obtained from PSCAD
and documented in [11]. To generate the RSM, MINITAB
software is utilized.

The objective function for this MG is defined by mini-
mizing G1 (MPOT), G2 (MPUT), G3 (Tstl), and G4 (Esse)
under the specified conditions. The RSM model used is a
second-order polynomial shown in Equation (1).

Gy = M1 + M2N1 + M3N2 + M4N3

+ M5N4 + M6N2
1 + M7N2

2 + M8N2
3

+ M9N2
4 + M10N1N2 + M11N1N3 + M12N1N4

+ M13N2N3 + M14N2N4+M15N3N4 (1)

where y = 1, 2, 3, 4, and M1, M2, M3 . . . , M15 are the pre-
dicted RSM coefficients for the conditions described in [11].

V. OPTIMIZATION STAGE
The weight method [45] is utilized in Equation (1) to adjust
PI parameters while minimizing transients by considering
COOT, SFO, and PSO procedures. Table 3 displays the
weights used in this study.

TABLE 3. Weights levels.

A. THE AWGC-DA ALGORITHM
The primary concept of this algorithm is to apply the general-
ized Correntropy kernel function to the local cost function of
every node. This involves using distinct exponent and width
parameters for every node. As a result, the local cost function
can be expressed as follows [43]:

Jk (ω) =

∑
z∈Nk

azkAzexp
(

−

∣∣∣∣ez,iβz
∣∣∣∣αz) (2)

where βz ≥ 0 and az ≥ 0 are the node z’s width and exponent
parameters, respectively, ω is the unknown vector, ezis the
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error, and Az = ( 1
βz
)
αz
. The same rate exponent coefficient

αz = α is considered for each node but a varied width βz for
each of them for ease. As a result, the GC-DA version of the
Adapt Then Combine (ATC) is as described below [46]:ψk,i+1 = ωk,i + µk

∑
z∈Nk

azk f (ez,i)sign(ez,i)Uz,i

ωk,i+1 =

∑
l∈Nk

Czkψz,i+1

(3)

where f
(
ez,i

)
=

Az
βz
exp

(
−

∣∣∣ ez,iβz ∣∣∣α) ∣∣∣ ez,iβz ∣∣∣α−1

where U is the input signal Czk is the combination
coefficients from node z to node k. To improve the GC-
DA algorithm’s robustness against adversaries, a reduced
width parameter βz is provided to adversaries so that their
errors ez,i don’t negatively impact the algorithm while in
the adaptation phases. As a result, an adaptive-width GCDA
algorithm (AWGC-DA) is applied. The disturbance term∥∥ψk,i+1 − ωk,i

∥∥2
2 is minimized to get the ideal value for βz.

The width parameter βD for node D can be obtained by
formulating the error (ψk,i+1 − ωk,i) as follows

ψk,i+1 − ωk,i = CD + µkaDk f (eD,i)sign(eD,i)UD,i (4)

where CD = µk
∑

z̸=D alk f
(
ez,i

)
sign

(
ez,i

)
Uz,i

As a result, the disturbance may be expressed as∥∥ψk,i+1 − ωk,i
∥∥2
2 = ∥CD∥

2
2 + 2µUD,iaDk f

(
eD,i

)
sign

(
eD,i

)
UD,i + µ2a2Dk f

2 (
eD,i

)
UD,i

(5)

Considering that βD is the only variable that needs to be
found and that the rest of the parameters are constant and
termed, minimizing the disturbance term in (5) equals to
minimizing the next equation.

GD (D) = bD,ifD
(
eD,i

)
sign

(
eD,i

)
+ dD,if 2

(
eD,i

)
(6)

where bD,i = 2aDkUD,i, dD,i = µa2DkUD,i, and

fD (x) =
AD
βD

exp
(

−

∣∣∣∣ xβD
∣∣∣∣α) ∣∣∣∣ xβD

∣∣∣∣α−1

Because the function GD isn’t-convex, we utilize descent
gradients to progressively adjust βD to prevent trapped in
local minimums. As a result, we utilize the recursion method
below to update βD.

βD+1 = βD − µβ
∂GD (βD)
∂βD

(7)

After certain modifications and deleting indices of the
functions for ease, and supposing ∂eD,i

∂βD
is a constant term, the

recursion in (8) will be identical to that in (8).

βD+1 = βD − µβ (bD,if
′
(
eD,i

)
+ dD,if

(
eD,i

)
) (8)

Some computations result in the following formula for this
function’s derivatives, resulting in

f ′ (x) = −sign (x)
αAD
β∝
D

|x|∝−1 exp
(

−

∣∣∣∣ xβD
∣∣∣∣α) ∣∣∣∣ xβD

∣∣∣∣α−1

TABLE 4. The outcomes of each DG for scenario 1 with AWGC-DA,
EBS-ABA, LMSRE, COOT, PSO, and SFO techniques.

+ sign (x)
(α − 1)AD

β∝
D

|x|∝−1 exp
(
−

∣∣∣∣xβD
∣∣∣∣α) ∣∣∣∣ xβD

∣∣∣∣α−2

(9)

As well, we have

∂GD (βD)
∂βD

∝ bD,if ′
(
eD,i

)
+ dD,if

(
eD,i

)
(10)

Then, by substituting (9) for (10) and making some other
modifications, we obtain

∂GD (βD)
∂βD

∝
AD
β∝
D
exp

(
−

∣∣∣∣eD,iβD

∣∣∣∣α) ∣∣eD,i∣∣α−2

[
bD,i

[
−α

∣∣∣∣eD,iβD

∣∣∣∣α + α − 1
]
2dD,i

∣∣eD,i∣∣] (11)

As a result, the optimal recursion for βm is

βD+1 = βD − µβ
AD
β∝
D
exp

(
−

∣∣∣∣eD,iβD

∣∣∣∣α) ∣∣eD,i∣∣α−2 gD,i (12)

where gD,i = bD,i
[
−α

∣∣∣ eD,iβD

∣∣∣α + α − 1
]
2dD,i

∣∣eD,i∣∣
In this study, all PI parameters are constantly updated in

real-time using Equation (12). Moreover, the constants α and
µ are set at 5.5 and 0.01, respectively. in this context, the PI-
Cs’ kp (L) and Ti (L) are constantly modified by applying the
next formulae:

kp (L + 1) = kp (L)−1kp(L) (13)

Ti (L + 1) = Ti (L)−1Ti(L) (14)
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FIGURE 3. The profile voltages of, (a) DG1, (b) DG2, and (c) DG3 for
scenario 1 with using AWGC-DA, EBS-ABA, LMSRE, COOT, PSO, and SFO
techniques.

Equations (13)- (14) are utilized to calculate the adjusted
parameters of the PI-C

1kp (L) = µβ
AD

kp (n)α
exp

(
−

∣∣∣∣ eD,ikp (n)

∣∣∣∣α) ∣∣eD,i∣∣α−2 gD,i

(15)

1T i(L) = µβ
AD

Ti(n)α
exp

(
−

∣∣∣∣ eD,iTi(n)

∣∣∣∣α) ∣∣eD,i∣∣α−2 gD,i (16)

VI. THE SIMULATIONS’ DESCRIPTION AND RESULTS
This part is devoted to determining the results that will
validate the cogency and utility of the presented control
strategy utilizing the AWGC-DA. The suggested approach’s
performance is largely judged by its capability to keep the
PCC voltages within the allowed ranges during several MG
operation scenarios. Furthermore, the simulation outcomes
demonstrate the sanity of the controller system, which was

FIGURE 4. The load powers (P&Q) of, (a) DG1, (b) DG2, and (c) DG3 for
scenario 1 with using AWGC-DA, EBS-ABA, LMSRE, COOT, PSO, and SFO
techniques.

achieved using the PSCAD program. The novel AWGC-DA
technique is compared to the results of the previous optimiza-
tions reported in [11] and [47] to show its efficiency. Fur-
thermore, a conventional MG is tested under three different
scenarios: (1) disconnected from the utility grid (autonomous
status); (2) variations in load while in autonomous status; and
(3) a three-phase fault while in autonomous status.

A. SCENARIO 1 (AUTONOMOUS STATUS)
In the initial scenario, the MG runs while on the grid-
connected status. At 2 seconds, the MG is intentionally dis-
connected from the grid (autonomous status). The optimum
PI gains for the DGs using AWGC-DA, EBS-ABA, LMSRE,
COOT, PSO, and SFO techniques are presented in Table 4.
The voltage of the DGs using AWGC-DA and the other
methods is compared in Figs. 3a-c. Additionally, Figs. 4a-c
show the complex power in the DGs using AWGC-DA,
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TABLE 5. The outcomes of each DG for scenario 2 with AWGC-DA,
EBS-ABA, LMSRE, COOT, PSO, and SFO techniques.

TABLE 6. The outcomes of each DG for scenario 3 with AWGC-DA,
EBS-ABA, LMSRE, COOT, PSO, and SFO techniques.

EBS-ABA, LMSRE, COOT, PSO, and SFO techniques.
Notably, theMPUT for the autonomous status of the proposed
method is less than 7.5% in Fig. 3a. Moreover, the proposed

FIGURE 5. The profile voltages of, (a) DG1, (b) DG2, and (c) DG3 for
scenario 2 with using AWGC-DA, EBS-ABA, LMSRE, COOT, PSO, and SFO
techniques.

technique reduces the Tstl to 31 ms, satisfying the 2% criteria,
and Esse is 0.19%. Therefore, The suggested optimizer gener-
ates the fewest overshoots, the quickest damping, and the best
Esse. Importantly, in MPUT, Tstl, and Esse, the AWGC-DA
surpasses the EBS-ABA, LMSRE, COOT, PSO, and SFO
approaches, indicating the solidity, reliability, and functional-
ity of the proposed AWGC-DA over the EBS-ABA, LMSRE,
COOT, PSO, and SFO methods.

B. SCENARIO 2 (VARIATIONS IN LOAD UNDER
AUTONOMOUS STATUS)
The MG runs smoothly in the autonomous state in the sec-
ond scenario. As illustrated in Table 1, the MG is initially
developed with a complicated load. Then, at t = 3 s, R12 is
increased to 300 and then decreased to 150 at t = 3.4 s. The
optimum PI gains for the DGs using AWGC-DA, EBS-ABA,
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FIGURE 6. The load powers (P&Q) of, (a) DG1, (b) DG2, and (c) DG3 for
scenario 2 with using AWGC-DA, EBS-ABA, LMSRE, COOT, PSO, and SFO
techniques.

LMSRE, COOT, PSO, and SFO techniques are presented
in Table 5. The voltage of the DGs using AWGC-DA and
the other methods is compared in Figs. 5a-c. Additionally,
Figs. 6a-c show the complex power in the DGs using AWGC-
DA, EBS-ABA, LMSRE, COOT, PSO, and SFO techniques.
Notably, the proposed controller reduces the Tstl to zero
seconds in Figure 5a, satisfying the 2% criteria, and Esse
is 0.16%. Therefore, The suggested optimizer generates the
fewest overshoots, the quickest damping, and the best Esse.
It is critical to notice that in Fig. 5a, the MPUT for the load
variations scenario of the proposed technique is less than
0.55%. It is critical to recall that in Fig. 6a, DG1’s active
power is reduced to 1.3 MW and successfully restored at
t = 3.4 s. Nonetheless, the rest of the DGs. Importantly,
in MPOT, Tstl, and Esse, the AWGC-DA surpasses the EBS-
ABA, LMSRE, COOT, PSO, and SFO approaches, indicating
the solidity, reliability, and functionality of the proposed

FIGURE 7. The profile voltages of, (a) DG1, (b) DG2, and (c) DG3 for
scenario 3 with using AWGC-DA, EBS-ABA, LMSRE, COOT, PSO, and SFO
techniques.

AWGC-DA over the EBS-ABA, LMSRE, COOT, PSO, and
SFO methods.

C. SCENARIO 3 (A THREE-PHASE FAULT UNDER
AUTONOMOUS STATUS)
Throughout scenario 3, the MG maintains a steady state
throughout the autonomous mode. A three-phase fault devel-
ops at PCC 1 at t = 4 s and subsequently returns to its prior
situation at t = 4.1 s. The optimal PI gains for the DGs
using AWGC-DA, EBS-ABA, LMSRE, COOT, PSO, and
SFO techniques are presented in Table 6. The voltage of the
DGs using AWGC-DA and the other methods is compared in
Figs. 7a-c. Additionally, Figs. 8a-c show the complex power
in the DGs using AWGC-DA, EBS-ABA, LMSRE, COOT,
PSO, and SFO techniques. Notably, the proposed controller
reduces the Tstl to 18 ms in Fig. 7a, satisfying the 2%
criteria, and Esse is 0.195%. Therefore, The suggested opti-
mizer generates the fewest overshoots, the quickest damping,
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FIGURE 8. The load powers (P&Q) of, (a) DG1, (b) DG2, and (c) DG3 for
scenario 3 with using AWGC-DA, EBS-ABA, LMSRE, COOT, PSO, and SFO
techniques.

and the best Esse. Importantly, in MPOT, Tstl, and Esse, the
AWGC-DA surpasses the EBS-ABA, LMSRE, COOT, PSO,
and SFO approaches, indicating the solidity, reliability, and
functionality of the proposedAWGC-DAover the EBS-ABA,
LMSRE, COOT, PSO, and SFO methods.

VII. CONCLUSION
This paper offers a new technique for optimizing the gains
of PI-Cs using AWGC-DA. The goal is to improve MG
performance by taking into account Twelve PI-C param-
eters. The suggested approach’s usefulness is proved by
simulation results produced using the PSCAD/EMTDC pro-
gram. The outcomes display that the proposed controller
can successfully regulate the voltage profile while preserv-
ing active and reactive powers. Furthermore, the results
show prompt dampening in transient responses, alongside
a short settling time (Tstl) and a small steady-state error

(Esse) under different MG operating scenarios, such as
(1) disconnected from the utility grid (autonomous sta-
tus); (2) variations in load while in autonomous status; and
(3) a three-phase fault while in autonomous status. To val-
idate the presented AWGC-DA technique, numerous simu-
lations were conducted to assess its efficacy in the system’s
transient responses compared to other optimization strate-
gies such as EBS-ABA, LMSRE-based adaptive control,
COOT, SFO, and PSO approaches. The results showed sig-
nificant improvements achieved by the AWGC-DA approach.
Specifically. In scenario 1, the AWGC-DA approach reduced
the voltage undershoot (MPUT) by 10%, 7%, 43%, and
64% compared to the EBS-ABA, LMSRE, SFO, and PSO
approaches, respectively. In scenario 2, it reduced the set-
tling time (Tstl) by 14%, 61.5%, 23%, 66.5%, and 76.7%
relative to the EBS-ABA, LMSRE, COOT, SFO, and PSO
approaches, respectively. In scenario 2, where the MG
encountered a sudden load change under autonomous status,
the presented approach achieved a Tstl of zero seconds, indi-
cating a rapid response and stability. Moreover, In scenario
3, the AWGC-DA approach reduced the voltage overshoot
(MPOT) by 28%, 39%, 35%, 35.4%, and 37% compared to
the EBS-ABA, LMSRE, COOT, SFO, and PSO approaches,
respectively. These results highlight the superior performance
and efficacy of the AWGC-DA approach compared to other
optimization strategies in improving system behavior during
transient events

The suggested AWGC-DA will be improved in the future
to be used in numerous fields such as electrical networks,
battery storage approaches, and smart-grid, delivering the
best outcomes in green energy systems. The experimental
implementation of the proposed optimization techniques and
the implementation on a real site will be considered in future
work.
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