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Abstract - With intensifying integration of grid and photovoltaic (PV) systems, the power quality (PQ) is a prime constraint
in modern power systems. Here, the reactive and active power controller is bid with a three-phase grid integrated PV system
to magnify the PQ based on the Seagull Optimization Algorithm (SOA). The proposed system comprises two key controllers:
the Flyback converter with Bacterial Foraging Optimization Algorithm (BFOA) to track the utmost powers from the PV
panels and the suggested SOA optimized controller for the grid-integrated three-phase inverter. The integration of grid and
PV utilizes a three-phase modular multilevel inverter (MMI) that manages the active and reactive powers by optimizing the
SOA controller using the grid side voltage. The proposed control strategy minimizes power dropping into the inverter by
regulating the instantaneous active and reactive powers to improve PQ. Moreover, it can reduce the harmonic and
compensate for reactive power. The simulation of the proposed system is by utilizing the MATLAB/Simulink platform, and its
outcomes are analyzed and equated with previously generated methods. The proposed methodology is compared with the

conventional methods like Atom Search Algorithm (AOA), Grey Wolf Optimization (GWO), GSA, and GA, respectively.

Keywords - Active and reactive power controller, Grid-connected PV system, Gravitational Search Algorithm (GSA),

Genetic Algorithm (GA), SOA and BFOA

1. Introduction

Emerging concerns over the environment and energy
independence have led to expanding the perception of
renewable energy systems in power networks [1]. Since it is
easy to install and involves low maintenance costs, the solar
PV system is becoming more evident [2]. On that account,
the PV system has become a revolutionary power generation
source in the present and forthcoming years [3]. The
electrical energy is generated through PV arrays, and that
energy is within easy reach of the communal use by grid-
connected PV systems [4]. Generally, it turns all radiation
absorbed into active power and ignores the generation of
reactive power [5]. The converters are the primary
components of grid-integrated VSI, which transfer power
with DC-AC [6]. It takes in to adjust the dc-link voltage and
handle the power flow in the middle of the PV generator and
grid is common [7].

Besides voltage deviations generated by the rate of total
harmonic distortion (THD), power factor and voltage
fluctuations, and other standards are comprised in the PQ.
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Furthermore, the PV inverter can also be optimized under a
certain control strategy [8]. In addition, the grid voltage in
inclusion goes through PQ problems of under-voltage, over-
voltage, and harmonics on account of unstable and non-
linear loads [9]. Various researches in the power quality
field development as reactive power compensation, power
generation, and solar energy conversion system by harmonic
filtering are described in the literature [10]. To minimize the
power loss in the grid line, the PV inverter entirely
transformed the PV inverter into a static reactive power
generator by utilizing the control strategy [11]. To eliminate
harmonics in the grid, an adaptive current control strategy
utilized the Proportional Resonant (PR) controller for PV
inverters [12]. A power angle control method was presented
for decreasing the grid side THD in the PV system.
Moreover, it improves the power factor and reactive power
compensation [13]. Another control method is attaining
certain power attributes like active/reactive power ripple,
and THD of the output current was evolved with adjustable
power quality attributes [14].
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The Single-stage DC-AC converter systems (SSCSs)
control pattern in the adapter/converter is used to pass
maximum PV power among reactive power controllers [15].
The instantaneous reactive power theory uses the current
source inverter (CSI) to put down harmonic currents and
reactive power compensation by using the hysteresis current
controller [16, 17]. The FLC for utilizing in boost control of
PV connected grid system via Z-source inverter was
evaluated [18]. The single-phase energy is stored quasi-Z-
source cascaded H-bridge (ES-gqZS-CHB) inverter PV
system to carry through the power control [19, 20]. As a
result, a highly dynamic controller is developed to arrange
the PV inverter power of the grid directly.

2. Recent Research Works: An Overview

To obtain power control in a grid-connected PV model,
several techniques are established by some researchers that
are reviewed below,

Muhammad Talha et al. [21] presented the grid-
connected PV inverter installed at the low voltage
distribution grid. In architecture, the robustness against
faults and operation of the inverter was considered. The
robustness against grid faults and operation of the
inverter in architecture. The control strategy prevented the
inverter from shut down by managing the DC-link. An
inverter supports the grid through reactive power injection
during the voltage sags. The appropriate references could
generate by predictive control for both LVRT and regular
Mode. It is based on regulatory grid codes and a two-stage
voltage-source-inverter’s specification.

Muammar Zainuddin et al. [22] have proposed the PQ
issues in the grid interconnected PV inverters by injecting
the active power. The statistical outcomes of the power
quality parameters analyzed in that study, and the
parameters are current harmonic components and inverter
voltage at different loads, THD on current and voltage, and
the changes in relative and reactive power. The VAR
regulation used to assess the PQ parameters depends on a
constant power factor (CPF).

Preetha Roselyn et al. [23] have projected a fuzzy-
based reactive and active power control of inverter during
grid faults. Based on fuzzy logic, the grid voltage was
stabilized by a modified inverter real and reactive power
control strategy. For managing the reactive power, the P-Q
capability curve of the grid-integrated PV system (GIPV)
was derived by improved mathematical methodology
proposed by Manash Kumar Mishra and Vivek Nandan Lal
[24] at MPP conditions for different ecological situations.
By obtaining reactive power limits of a utility-scale single-
stage three-phase PV system linked to the distribution grid,
this methodology was used by analyzing all the possible sets
of working points within the steady area of operation. A PV
system was chained with the system controls reactive
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powers by regulating the voltage of a bus have presented by
Insu Kim and Ronald G.Harley[25]

This generic assessment shows that grid-tied three-
phase inverters intend to gain high efficiency, excellent
performance, and reliability. Multiple difficulties have been
experienced while implementing and solving the problems.
Some innovations have been found. Due to the growth of
renewable energy sources, innovations like grid-tied three-
phase inverters received more prominence. Also, various
research studies have concentrated on grid-tied inverter
control. The PR, PID, and PI controllers handle the grid-tied
inverters.

Nevertheless, the Pl and PID controller can never
eliminate steady-state error for sinusoidal signals. The
struggle of PI controllers is tuning gains with variations in
atmospheric situations. Even if the reference values are
changed suddenly, traditional PI controllers are affected by
large overshoots and slow responses. Additionally, the
response time of the traditional PI technique was enhanced
by a modified structure of Pl control. But, in output powers,
these approaches generate large fluctuations at a steady
state. A back-stepping method is implemented to control the
real and reactive output power. The response of this
approach is better than the traditional PI control technique
because it independently regularizes the real and reactive
output powers. However, reducing oscillations in the output
powers doesn't provide any effective technique. Even
though to trace sinusoidal signals, the PR controller has the
capability without steady-state errors. The frequency
deviation of the selected harmonic element greatly disturbed
the control performance. In non-linear systems, the effective
controller removes these negative effects based on a variable
structure control strategy.

On the other hand, undesirable chattering in currents
occurs when the system is under control. Hence, the direct
power control (DPC) used a sliding mode scheme to
eliminate this disadvantage. The unpredictable switching
frequency generated an unwanted large band gap harmonic
spectrum series in this method. It is one of the important
drawbacks of that approach. Therefore, a sliding mode direct
power control (SMCDPC) with a low crackling level and no
extra current loop was proposed. In atmospheric conditions,
predictive controllers also cannot appropriately equal
changes. The critical task of sliding-mode controllers is
time-varying surface selection. However, it is important to
fine-tune the gain parameters. Another complex algorithm is
needed, such as a meta-heuristic or soft computing
technique.

3. Description and Modeling of Proposed

System

The proposed power system consists of a PV array, DC-
DC converter, proposed controller, and a three-phase grid
for distinguishing and investigating the PV system's active
and reactive power behavior.
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The proposed configuration is shown in figure 1, which
illustrates two stages. The first stage is a flyback converter
for controlling the maximum threshold power from the PV
generator using BFOA based MPPT algorithm. The second
stage is a grid-integrated three-phase MMI with a DC link,
which is connected to the output of the flyback converter.
Insulated Gate Bipolar Transistor (IGBT) legs combined in
the three-phase MMI. The R, L filter is connected to
resultant terminals of MMI, and the common point of
interconnection is linked to the other end of the filter.
However, the control stage of the proposed system is

implemented into the proposed controller, which
concurrently takes care of both aspects.
Fly back
PV Panel I Converter I
L Tr Lr2

A sinusoidal command signal is attained based on the
maximum PV power and instantaneous load reactive power
with the modified p-q principle to implement the proposed
control scheme. The topmost power value attained through
BFOA-based MPPT is utilizedas the source power. Hence,
the dc-link voltage is continued as per the highest power
distributed by the PV array. In this proposed methodology,
the PV is managed with the help of the BFOA algorithm. In
this proposed methodology, power quality mitigation is also
achieved with the help of the SOA algorithm.
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Fig. 1 The system architecture of the proposed Grid-connected PV system

Moreover, the reactive power requested by the grid is
reactive reference power. The portion of triggered power
through the PV system is reactive power distributed to the
grid and conditioned through an inverter. The portion of
triggered power through the PV system is reactive power
distributed to the grid and conditioned through an inverter.
In such a way, those reactive and active current attributes are
independently produced to deliver active and reactive power
demand.

The storage capacitor is utilized to electronic
interchange power and stabilize PV output voltage. A three-
phase grid, PV array, and an inverter are comprised of the
system. Many PV cells are comprised of the PV array. It is
subjected to the sun's radiation, creates possible variance,
and supplies voltage to the inverter. Based on the MPPT
algorithm, the PV array brings forth the BFOA along with
PV voltage and current. Then the algorithm is developed an

V. nd provides the MPP. Then it is streamed via a constant

value chooser. If there is low solar radiation and the V is
low, then a constant value is given so that the grid acquires
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the continuous power supply. The gating pulses are supplied
to the inverter with PWM generator support. Then it
provides the current to the grid. The control unit is needed
because when a PQ issue occurs, the PV generator
connected could connect the PV generator to the grid, and
the inverter should inject reactive power. Therefore, the
proposed approach followed controlling must be enhanced
to enhance the proposed approach followed in controlling to
ignore the PV power waste and especially normalize the
grid-tied PV system. In this case, the PQ issues are noted
when the proposed system control is designed and arranged
to switch from common to grid faulty operating Mode. Here
the inverter infuses reactive power depending on time
duration and PQ level. A three-phase filter smoothens the
inverter's resultant voltage for a grid-connecting reactor. The
PV array layout and modeling are presented in the followed
section.

3.1 Proposed PV Array system

PV systems' robustness problem for parameter
uncertainty can be minimized by combining them with other
energy sources. To improve the entire system, the inactive
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response of a PV can be improved. It provides a constant
and continuous power supply to a DC bus. To invert the DC
voltage into three-phase AC, an MMI is connected. It is
further connected to the grid.

Moreover, non-linear and linear loads are linked to
PCC. A filter is linked at the PCC to compensate for the

current and source voltage. It provides quality power to the
grid. In a module (panel), numerous PV cells are connected
in various series and parallel circuits to get power. To
produce voltage and current, the groups of PV modules are
electrically connected in a parallel series. The PV cells are
connected in series and parallel to create an array.

loh
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+
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Fig. 2 The equivalent diagram of PV cell

As shown in Fig. (2), in this PV array model, a PV cell
is illustrated with one diode and parallel and series resistors
by a current source. Equation (1) represents the general
current equation,

I — Icell _Icell ex ﬂj_l
el 2

Where Ig?,”is the current produced by the incident light,

o))

directly proportional to sun irradiation, 15®"is the diode’s
leakage current, the electron charge is given asq,

Boltzmann constant isk , T is the PN junction temperature,
and diode ideality factor constant is denoteda. The
interface between n-type and p-type silicon is used to make
contact. Holes (p-type) and free electrons (n-type) cancel
each other at this coupling point and create a depletion area
like a non-conductive barricade. Even though a PV panel
comprises several PV cells bound in parallel and series, it
also adds certain parameters to the basic equation. Equation
(2) represents the modified equation,

V + Rl V + Rl
=1, S_1-1|- § 2
pv o{em[ Ve J } R 2
And the V, is given as equation (3),
N KT
V= 3
q

Here, the total number of cells connected in series is
given N . An experimental PV array contains many other

PV modules connected and established by solar cells linked
in parallel and series [26]. As a consequence, it represents a
single PV panel that is modified into a PV array as equation

(4),
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Here Ny, Ng are the total number of PV modules

connected in parallel and series. The power produced by the
PV is computed by sun radiance and temperature, which is
given as equation (5),

| pv
| norm

P

norm rated tem
ov =Pov "7 py (1+T +TpC p)

(®)
In equation (6), the power produced from the group of
PV panels is computed.

P[tJ?/tal =1pvPpv (6)

Here, the analyzed PV modules are assumed to be
attached to a power point tracking device. The generation of
a PV system is increased by up to 30%. Due to this, it has

become more convenient economically, particularly in an
off-grid hybrid system.

3.2. A series connection with a PV panel and output of the
DC-DC converter

In the circuit, a single inductance is used by the non-
isolated boost converter to increase the voltage of the input.
It is within reach to roughly match voltage compared to the
conventional converter. The circuit structure is easily
accessible and compact because the PWM duty cycle is
changed to limit the voltage. But, the panel-rated power
should be less than the estimated power of this converter.
The overall conversion efficiency is similar to this system's
boost converter efficiency. Therefore the required voltage is
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greater than the output voltage of a PV panel; some variation
often occurs here between the required output voltage of the
system and the output voltage of the PV panel.

Moreover, the proposed system can attain the essential
output voltage only if the voltage variations are included
along with the PV panel's output voltage. This theory was
also used in a single PV array [27]. The PV panel's output
voltage is associated with the output capacitor of a flyback
converter. The output voltage is described by equation (7).

Vi =V, +va @)
Here V. is the flyback converter output, vathe PV

panel voltage, and V  the output voltage. A small power

rating provides only the voltage difference between the
output voltage of the PV panel with the isolated flyback
converter and the needed voltage. There is no necessity for a
flyback converter to generate the complete essential voltage.
Therefore, the flyback converter's required power capacity is
drastically decreased. The great variation between the output
voltage of the PV panel and the required output voltage is
higher than the converter's power. At the highest operating
point of temperature and supreme irradiation, a converter's
highest power point is reached. The converter's maximal
power requirement is described in equations (8) and (9),

Ptemp
| o= P 8)
Vdc
Vd _Vtemp
I:)con = Icrz;x (Vdc _Vgsmp)=vgsmp - i > (9)
dc

Here V *™is the utmost operating temperature of PV
pv
temp
va
temperature of PV panel output power. The converter

mainly affects the total efficiency. The efficiency of the
proposed converter is given in equation (10),

77c = (Pb + I:)c X 77dc—dc )Xloo

module output voltage and is the highest operating

(10)

Here, 77,the proposed topology converter efficiency P,
is the bypass power percentage, P.is the converter power

percentage, and 77,. 4 denotes the isolated flyback

converter's efficiency. To increase the maximum power from
PV, the BFOA-based MPPT algorithm helps explain the
following section.

3.3. BFO-based MPPT algorithm for maximum power
generation

The BFO algorithm describes the E.coli foraging
process. Swarming, chemotaxis, reproduction, and
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elimination-dispersal operations are a few methods [28].
These given four operations are detailed, elaborated, and
introduced as follows.

In this phase, the bacterial foraging strategy is
replicated. In the beginning, the bacteria will take some time
to change its present direction. Bacteria make an effort to
move a step ahead after that. The bacterium swims
unvarying in the same direction if they find rich nutrients.
According to the theory, the optimization domain @ is the

position of a bacterium and@&;(j,k,I) means the ith

bacterium in the jth chemotaxis, Kt reproduction, 1™ and

elimination-dispersal procedure. The tumbling definition is
described below in equation (11),

ol = ———
VAT AG)

Here random vector is expressed A(i);i =1,2,..., S . Every

(11)

element A, (i);m=12..,p A(i)is a non-specific number

within -1 and 1 for i" the bacterium. The total number of

bacteria is denoted asS, and the bacterial position is
formulated as equation (12),

G (J+1.k,1) =6 (J.k.1)+C(i)e(i) (12)

Here, for iMthe bacterium, it C(i);i=12,..,Sis a

moving step size of the tumble. This characteristic imitates
signaling cell to cell. The bacteria emit chemical substances
only if they find a lump of nutrients; this chemical emission
is to entice other bacteria [29]. If the bacterium is at risk,
they will swing to repel one another. This social
characteristic is Fig.d as equation (13),

JCC(H,Hi(j,k,l)): %dattem[wan g(gf '9if)zj+ %hrepexp[wrep g(gf €if)zj
i=1 f=1 i=1 f=1

13)

Here, 6?:[6?1,492,...,49p]r it is a bacterium in the

optimization Bif domain and is the ™ element of the i™
bacterium position &; (for better understanding, we avoid

certain indices). J°°(8,6;(j,k,1)) Value is the cell-to-cell

imparting value that will append with the output in the
chemotaxis part j of the fitness function p and the total
number of problem dimensions. The contrasting coefficients
d3 WAt 1" WP will indicate the power of attraction or
repulsion. According to the fitness value of i bacterium of
the swarming effect is described as equation (14),

JG, j,k, )= 3G, j,k,1)+3I6,6(j.k,0)) (14)

A replication step is taken after the step of N°¢
chemotactic. Let's imagine that even a positive integer is S .
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The total member population is S" who have adequate
nourishment so that they will replicate (splits into two)
without transformation, which is presented as equation (15),
S
r

S > (15)

Their collected costs symbolize the health of a
bacterium. If the accumulated cost of the bacterium is high,
it lacks proper nutrition for forging in its lifetime. Thus, this
bacterium is unhealthy, and the possibility of reproduction is
too low. Bacteria are sorted depending on their health in

descending order in this stage. Then the S'unhealthy

bacteria perish, and the remainingS" nutritious bacteria
divide into two bacteria in the corresponding locations.

Few bacteria pass away as the environment is
unpleasant, e.g., a temperature rise may also hurt a chunk of
bacteria. This activity imitates the dispersal of a few bacteria

with less elimination probability Pl At the same time, new
bacteria reproduce randomly for replacement. This control
process of reactive and active power is explained below
topics.

3.4 Actual and Reactive Power Control and Management

Strategies

According to the conventional method, frames that
rotate synchronously are requested for calculating the
reactive power (d-q). If the circuits contain three phases, the
voltage and current are shifted into a frame that rotates
synchronously. To rectify the negative and harmonics
attributes, the Clarke transformation is used to transmit the
currents and three-phase voltage from the coordinate of abc
to afc. The imaginary and real instantaneous powers theory
is functioning based on time-domain analysis. It makes this
effective for processes in the transient regime and steady-
state, also for current power system waveforms and generic
voltage [32].

The three phases of Clarke transformation are (non-
linear/current/voltage load current) as equations (16-18),

v, 2 1 _% _% Ya
v, | TV3lg M3 _a8 % 1o
2 2 JLVe

g 2 ]k
. A7)
{Ila}_ 511 _% _% :'a
[ 3|0 @ _ﬁ '
2 2__|Ic
(18)

Then, the equations (19-21) show that the earlier
elements, such as currents/voltage in the a-p coordinate, are
converted into the d-q coordinate.

_vd} :{ cosé  sin 9"va} )
| Vq —sin & cosd | Vg
_id} :{ coséd sin 9__?0,} 20)
i —sin & cosd | 1,
—ild} :{ cosd  sin 93%} 1)
[hq| [—sin@ cosd | Iy

Besides, the instant reactive and active powers are
supplied to the grid [33] were computed in equations (22)
and (23),

P =vyiy +V,i, (22)
Q = Vi, =V, (23)

To ensure the MPPT operation, a BFOA-based robust
controller is used to manage a DC-DC converter to ensure
the varying climatic situations (temperature and irradiation).
Moreover, the SOA technique is applied to assure a
productive decoupled control of the PV system output.
Furthermore, the PWM inverter injects active and reactive
power into the electrical grid for various operating
situations. The converter is limited to ensure the effective
filtration of non-linear load harmonic current. As a result,
the proposed PV system draft can:

* Maximum power is captured from the fluctuating solar
energy.

* By using the PWM inverter, the grid gets various active
and reactive powers inserted.

» Using the current harmonic filter, rectify the reactive
power and upgrade the PQ.

Moreover, the reference P™ power and PVSP™
power are highly helpful in persuading the effective power

command Pi' of the PWM inverter. In addition, the

ref

reactive command Q,; 's power is verified based on reactive

reference, whereas the total system capacity is observed.

cref L sref
Subsequently, current references of dq i;" andi;” are

generated by two fuzzy logic controllers. These current
commands are added in tandem to attain the active filtering
operation with current harmonic dq elements to be filtering

= max ref

i and Iy are

(ilqh'ildh)- The I
controlled the whole referencesiy™"™ i;o”ef

intense inverter output current commands in the dq frame

individually

to give the

[34]. The challenges related to the current references i}
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are on the system's overall capability regarding power and
the priority block management of disparate operations
(active filtering, reactive power compensation, active power
generation). The following section explains this strategy in
detail.

3.4.1.Active filtering operation

The harmonic currents of non-linear load were
identified by using multiple methods. Especially to extract
the components of the harmonic current, a Low Pass Filter
(LPF) or Selective Pass Band Filter (SPBF) is used. The
Frequency domain compensation based on Fourier analysis
is often not used as the real-time processing power required
is too high [35]. The instantaneous power theory P —(

d —qand synchronous detection method are the two
classical methods. Here, the current harmonic components in
thed —Q reference frame are attained using the difference
in LPF outputs (components of direct current) and the non-
linear load’sd — Q currents (The entire current is made up
of a basic component that is continual in a harmonic part
frameandd —Q frame).

3.4.2. PV system active and reactive power capabilities and
PQ improvement

PV is not only utilized to absorb the full amount of
energy from the sun because non-linear loads are integrated
into the grid. So that it helps to increase the power
efficiency, at this point, to handle the power of the PV
system and enhance its quality, the entire capacity of the
system power will be established in the plane of PQ inside
the attainable limits. It is important to know the potential
powers of active and reactive to nullify the overestimation
components of the PV system during its control for power
generation and power quality improvement in MPPT.

The maximum limit of active power is determined by
PVS-rated power and two DC-DC converters of the system.
Furthermore, simulation tests were conducted for various
active power levels to evaluate the highest reactive power
produced at the PWM inverter's output without weakening
the DC bus voltage. The reactive power limit delimits the

trapezoidal shaded area of the upper edge (Qmax). The

system's entire potential of reactive power in the PQ plane is
determined using energy analysis. Its performance is based
on the DC bus voltage energy balance. It is possible to
indicate the depositing and returning energy by the DC bus
capacitance per cycle. DC bus voltage ripples stage has
corresponded to this energy. Then the DC bus voltage
fluctuations are provided by the reactive power (due to the
inverter's operation based on grid ac voltage, the values are
allowed by the inverter). It can be considered as the higher

boundary of reactive power (Q ™ ). The DC bus voltage is

anchored at a stable and smooth level. The inverter control
signal parameters are made efficient using the SOA
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optimization algorithm, which is explained in the below
section.

3.5. SOA-Based Control Signal Parameter Optimization

The proposed system’s innovation and mathematical
modeling are well explained in this section. Seagulls are the
minimum specialized of all the seabirds on our planet from
the Laridae family. There are several types of seagulls, each
with its mass and length. Seagulls are flesh eaters and eat
earthworms, amphibians, reptiles, fish, insects, and so on.
The majority of seagulls have white plumage on their
bodies. Gulls nest in huge, crowded and noisy colonies.
Seagulls are highly intellectual and feeders with highly
adaptable species. They produce rainfall sounds by using
their feet to tempt small reptiles lurking under the water
surface. They consume hoth fresh and salty water.

Generally, a seagull cannot dive deep inside the water to
feed on deeper prey. To find and attack the prey, they used
its peculiar skills. They have a remarkable potential for
migration and striking characteristics. Seagulls migration is
done in search of a rich source of food and sustainable
weather condition for breeding. This feature is expressed as
follows:

» While migrating, Seagulls fly as a flock; the seagulls
starting positions are unique to avoid the clash within
them.

* Seagulls often follow the fittest seagull in the group,
which is also fit for the migration survival, i.e., if the
fitness value is 1 and then the fitness of that bird is low
compared to others.

* Other seagulls can choose their initial positions based
on the fittest seagull.

SO . P
Circle, 3

Fig. 3 Flow diagram of the proposed algorithm

Seagulls often attack other migrating birds on their way
while they migrate from one location to another. They have
expertise in attacking techniques and use natural shape
movement while attacking their prey. A conceptual model of
these behaviors is illustratedin figure 3. This behavior makes
it viable to put together a modern optimization algorithm.
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The mathematical models of migration and attacking logic
of the prey are the two natural behaviors of seagulls focused
on in this paper. This algorithm was developed by moving
seagulls’ flock from one location to another. Here every
seagull must fulfill three constraints:

3.5.1 Avoid collisions

To prevent the collision among neighbors (in-between
other seagulls), an extra component A is utilized for the
formulation of the search agent's current position, which is
given as equation (24),

C, = AxP,(x) (24)
Where search agent position is denoted asC_ which won’t
collide with new search agent, denotes the search agent

current position, current iteration denotes X, and A
indicates the search agents movement behavior, which is
computed in equation (25),

A= f,—(xx(f, /iter™))

Here, the frequency control of the employed variable A
f. s represented decreased linearly from f_ 0.

(25)

x=0,1,..., iter™*

3.5.2. Movement in the direction of the best neighbor

After preventing the neighbor's collision, the search
agents are moved in the direction of the finest neighbor. It is
considered in equation (26),

M, =Bx (R, ()~ P(x)) (26)
Here, P,approaching the prime fit search agent P, (i.e.,
fittest seagull) M indicates the search agent’s position [36].

The random behavior B is responsible for the actual balance
between exploitation and exploration that calculation is
given in equation (27),

B =2xA?xrand (27)
Here rand is a random number within the range of [0, 1].

3.5.3. Remain close to the best search agent
Finally, with regards to the best search agent, the search
agent can update its location (equation. 28).
D, =|C, + M| (28)
Therefore, the distance between the best-fit search agent
(i.e., the best seagull is selected based on the less fitness

value) and the search agent is denoted D, . Exploitation aims

to shaft the history of records and professionalism of the
search process. These gulls can continuously alter the
approach point while attacking and speed during migration.
To sustain the elevation, they use their wings and body
weight. The spiral formation performance happens in the air
during a prey attack. It happens in X,y Z , and planes are

defined as equations (29)-(32),

X" =rxcos(k) (29)
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y'=rxsin(k) (30)
Z'=rxKk (31)
r=uxe® (32)

Here K is a random number in the range [0 < K < 27]
and I the spiral turnV's radius. AndU are the spiral
shape's constants, natural logarithm base is€. The
renovated place of the search agent is calculated as equation
(33),

P.(x) = (Ds XX XY X z')+ P, (X) (33)

The optimal solution is stored P, (X) here, and the other

search agent's location is updated. The proposed SOA begins
with a casual generation of the population. During the
iteration process, the search agent intercommunicates with
each other regarding the position of the best search agent. A
is decreased in a straight line from f_ 0. Element B is

responsible for the smooth conversion between exploration
and exploitation. Hence, exploration and exploitation have
excellent potential; SOA considered this a global optimizer.

3.6 Management of PV system function’s prioritieS
The ability of the PV system in power terms is

distinguished by a maximum current modulus | ™ which

can be formulated for the cause of limits of the power Plim
and Qlim is defined as equation (34),
I:)Iizm + leim
J2 v (34)

Where V P“is the bus-bar RMS voltage in the PV
system active, and are the reactive powers' limits denoted as
R, Qinand for a specified operating point? A rapid
reactive power theorem is enacted to limit the power-sharing
between the inverter and grid. Using the hysteresis band
current control technique, the resultant current of the
inverter is different [37]. These are the measured variables
capacitor dc voltage, grid voltages, and inverter output
currents.

The PV system energy is managed on the basic
preference, where it is specified to active power generation
over the improvement of power quality. Consequently, the
maximum available reactive current value is utilized for

harmonic currents mitigation, and reactive power
compensation is described in equation (35).
f 2 fy2
17 = (™) = (1) (3)

To use the PV system at full capacity in power terms, in
this paper, it is suggested to express the overall source for
the active power production of the d-q currents,
compensation of harmonic mitigation, and reactive power by
the equation (36),
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Where K, is a positive gain between the range 1 and 0?

Then, to reimburse the reactive power over harmonic
mitigation, the second preference is provided [38]. The
optimized controller is used to limit the resultant current of
the inverter. This technique is used to maintain the output
current in the permissible zone. So other apparatus does not
get affected. Using this system's simulated output, the
effectiveness of PQ progress is verified, elaborated in the
following section.

+ kOidh (36)
+ koiqh

4. Results and Discussions

The SOA optimized controller used along with the
proposed grid-linked PV system for PQ progress output
results is considered in this segment. To design and develop
the proposed system along with an optimized controller,

Dumie
Wriedts

MATLAB/SIMULINK is utilized, and that is illustrated in
figure 4. The compensation of active and reactive power for
the proposed optimized controller is implemented using the
voltage and current. The optimized controller is executed to
minimize the grid's reactive power integrated with the PV
system. The executed controller also stabilizes the dc-link
voltage if any PQ problem occurs. Also, it generates
controlling pulses to stabilize PQ issues. System limitations
are plotted, parameters are decided, and the data are given in
table (1). Boundaries like the voltage, current, real power,
and reactive power are utilized to evaluate the PQ progress
for both the normal and abnormal states. At first, under a
normal condition, the capability of the grid-connected PV
system is examined to make sure whether the system has any
fault on the grid side. For the testing process, the time
needed for the simulation is 0-0.2s.

e g I
ol atye
-1 1ae

N hey

Uty Grid

Bl
0w

Fig. 4 The Simulink diagram of the proposed grid-connected PV system
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Table 1. Implementation parameters

Maximum Power (W) 3.052k
Cells per module (Ncell) 96
Open circuit voltage Voc (V) 64.2
Short-circuit current Isc (A) 5.96
The voltage at maximum power point Vmp (V) 54.7
Current at maximum power, point Imp (A) 5.58
Light-generated current IL (A) 6.0092
Diode saturation current 10 (A) 6.30e-12
Diode ideality factor 0.94504
Shunt resistance Rsh (ohms) 269.5934
Series resistance Rs (ohms) 0.37152
Nominal power and frequency [Pn(VA) fn(Hz)] [ 1000 100e3 ]
Windingl parameters [V1(Vrms) R1(ohm) L1(H)] [5000 0]
Winding 2 parameters [V2(Vrms) R2(ohm) L2(H)] [5000 0]
Magnetization resistance and inductance [T_Tn((ﬂ)r?)
Nominal phase-to-phase voltage Vn (Vrms) 260
Nominal frequency fn (Hz) 60
Cells per module (Ncell) 96
Open circuit voltage Voc (V) 64.2
Short-circuit current Isc (A) 5.96
The voltage at maximum power point Vmp (V) 54.7
Current at maximum power, point Imp (A) 5.58
Light-generated current IL (A) 6.0092
2500
2000
g 1500
b7
E 1000
500
. | |
Y 95 Time(sec) ' k3

Fig. 5 Analysis of PV irradiance variation level
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Fig. 6 Analysis of (a) PV output voltage, current, and (b) power

The input of PV as irradiance is described in figure 5, and
it is improved with the help of a DC-DC converter based on the
BFOA algorithm. The induced power and the respective voltage
and current are described in figure 6, as well as the induced
power shifted to the grid by utilizing the VSI and the filter with
three-phase. The PQ problems such as voltage fluctuations and
interrupt may affect the grid. Based on PQ errors, the outputs
are verified using two cases.

Casel: Performance analysis of voltage fluctuations affects
the grid

In the first case, a voltage fluctuation affects the grid
side, and then a performance analysis is made to analyze the
effectiveness. In figure 7, the performance analysis ofload
voltage and current. Here, under-voltage fluctuations state
grid side limitations are expressed in figures 8 & 9. Here, at
the time duration of 0.01-0.05s, a PQ error is found. Then
the grid voltage amplitude decreased 25% from the initial
value, and there was a slight increase in grid current and vice
versa. There is an impact on reactive power, and real power
of the grid and PQ issues occur at the grid side. Here,
various solution techniques are used for solving voltage
fluctuations conditions and the PQ magnification.
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During voltage fluctuations, the grid side voltage g 5 x10° .
of the proposed controller is verified using FFT § .
analysis. Also, the affected PQ problem grid is £ o | I
portrayed in figure 10. As per the output of these 2
diagrams, the controller can able to perform unaided 2 05
active and reactive output power. = Time(sec)
S s
Case2: Performance analysis of interrupt-affected grid § .
During the interrupted grid, the capability analysis of & |
load current and voltage is given in figure 11. Here, in e :
this case, the voltage fluctuations had an impact on the g 08 Ti
= ime(sec)

grid side, and in figure 12, the grid's per_formance ana!ys!s Fig. 13 Performance analysis of grid active and reactive power in
of current and voltage throughout the interrupted grid is case 2
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The comparison analysis of the proposed method can be
presented with two different cases, shown in figure 15. The
proposed method's comparison analysis proves the system's
accuracy and efficiency. The DC link voltage and generated
power can be compared with existing and proposed
methods. From the graphs, the proposed method efficiency
is analyzed with the parameters of rising time, which only
meets the reference voltage of the MG structure. The
analysis concluded that the proposed method has better
results in managing power among the generation and grid
sides.

450
et
350 f (]
vl
= 5 ETHD in %
= 250
= 200 4
B
150
3
100
50 2
o . .
0 %5 Time(sec) | 1
@) ]
500 Proposed  BrahimElkhall NguyenGia B.G.Sujatha  Maria A S Albert
Youcefa et al. Minh Thao and and G.5.Anitha Mantilla et al. Alexander and
[39] Kenko Uchida [41] [42] T.Manigandan
[40] 1431
400 { Fig. 17 THD comparison analysis of grid voltage in different
controller
E 3001 Table 2. Comparison analysis of the proposed methodology (THD)
[¥]
=
> 200 | rd th th
200 Sl. Methods 3 . 5 . ! .
No harmonic | harmonic| harmonic
100 1 | Proposed 10.25 9.474 7.58
2 AOA 22.45 10.54 10.22
" | |
0 05 e 1 15 3 GO 18.54 15.9 14.35
(b) 4 GSA 15.65 13.12 12.12
Fig. 15 The performance analysis of DC-link voltage (a) Case 1 5 GA 11.02 10.98 10.55
and (b) Case 2
Sl. Methods 11th 13th 17th
The THD analysis of the Grid side voltage in figure 16 No harmonic harmonic| harmonic
uses Q|ffgr.ent cases. .A.cc.ordlng.] to this evaluation, harmonics 1 Proposed 6.54 301 14
are significantly m|n|m_|zed_ in _th e _Iower order_. Even 2 AOA 10.35 10.37 11.01
thOLIJ_ghtt_he TH\? vpltagetlshm!nlmlzed, it is p(;efferal::cl_e in otgt;r 3 GO 1412 14.05 13.89
indicating hmonic analysisof the Grid sidevoltage. || CSA | 1865] 1021] 1032
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Fig. 16 THD analysis of grid current in different Cases
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Table 3. Comparison analysis of the proposed methodology and the behavior is examined. Here, two prime controllers
SI. Methods | Power (3.05kW) are used. (1) To trace the greatest powers through the PV
No panels and boost DC/DC converter, the BFOA optimized
1 Proposed 3.0415 MPPT controller is used. (2) The SOA optimized controller
2 AOA 2.0845 for the grid-integrated three-phase inverter is used to
3 GO 27518 optimize the control signal parameters. The active and
4 GSA 5 3812 reactive powers are mana_ged by limiting the pul_ses of the
: three-phase modular multilevel inverter. Depending on the
5 GA 2.0089 FFT analysis and simulated output, the THD performance,
reactive power compensation, and maximum power
The effectiveness of the proposed technique based concurrently produced are obtained via the PV array of the
on comparison analysis Bgiven in detail. As for the grid.
harmonic analysis, the comparative analysis of the proposed
methodis efficiently analyzed and verified. Acknowledgements
I thank my supervisor Dr. Puttamadappa C, and Dr. Y L
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