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Abstract. In this manuscript proposed a hybrid Garra Rufa Fish Optimization (GRFO) and Improved
Tunicate Swarm Algorithm (ITSA) for improving the power quality of the integrated Photovoltaic (PV)
and Plug-in Electric Vehicle (PEV) in Smart Grid (SG) system. The GRFO-ITSA approach is hybrid wrapper
of GRFO and ITSA. Commonly it is named as GRFO-ITSA approach. The grid-connected PV-PEV, active
power management is performed by the proposed approach. The proposed GRFO approach is used to
determine the individual harmonic components and to reduce the recompense currents applied to PVs via
PEV converters. The load flow control is performed by ITSA approach, which controls the power among
the PVs, and PEVs. Additionally, it satisfies the power demand, and voltage variation. The proposed approach
is also to analyze the mutual properties of PVs as well as PEVs on the feeder and transmitting loads, voltage
outlines, harmonic alterations of an urban electric power distribution system. Also, the performance of the
GRFO-ITSA is implemented on MATLAB site as well as associated with several existing approaches.
The GRFO-ITSA have improved the power quality and compensate the harmonics and reactive power of
the system. The optimal outcome is obtained by GRFO-ITSA with less computation time.

Keywords: Photovoltaic (PV), Plug-in Electric Vehicle (PEV), Smart Grid (SG), Load flow control,
Harmonics reduction, Electric power distribution system.

1 Introduction

In the present days the distribution of power systems is very
big as well as some difficulties are present in the system [1].
Furthermore, due to the growth of nonlinear loads and
number of customers, the production of power become more
and more hassled [2]. The proper functioning of the utility
and consumer devices is damaged by the presence of electri-
cal pollution and frequency distortion because of nonlinear
loads and high customers [3]. Renewable Energy Resources
(RESs) have been employed at the utility stage to enable
future power systems operate at peak efficiency and to
alleviate environmental troubles [4]. The removal of the
hazardous emissions and increasing the utilization of renew-
able sources are the main merits of the renewable power
generation [5]. PV is the main source of RESs and the
output capacity of PV is increasing at low voltage, which

provides difficulties in the system operator [6]. Clouds
induce small variation in PV output [7].

The quality of power is affected by the intermittent
nature of PV generation. Voltage variations along light
spark triggered through voltage variations are major power
quality issues connected to fast PV output variations [8].
Damage is occurring to electric devices linked to the net-
work by the voltage fluctuations and flickers [9] as well as
health problems are occurring based on the light flicker.
There are various researches are carried the relation among
PV power output fluctuations and light flicker [10]. Thus
reduce the issue of the power quality induced by the PV
outcome fluctuation needs the advanced approaches [11].
The voltage fluctuations are not mitigated by using the
On-Load Tap Changers (OLTCs) at transmit stations
[12]. Scrapyard loads as well as diesel generators com-
bined utilize battery systems is unwanted to mitigate PV
fluctuations because scrapyard loads dissipate solar energy
along diesel generators has negative environment powers* Corresponding author: csubbaramireddy2020@gmail.com
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[13]. Reactive control in PV inverters is reducing PV power
generation fluctuations, which affect the inverter [14].
Moreover, the voltage drop of the PV system is minimized
by the combination of Maximum Power Point Tracking
(MPPT) approach and DC-DC converter [15].

In recent times, Electric Vehicle (EV) batteries are
more suited for a gorgeous technology for minimizing the
fluctuations [16]. In the future, the adaptation of EV should
increase, so charging EV is done with high count of EV bat-
teries are associated to grid [17]. The investment of system
operator as well as social cost is reduced through the por-
tion of the battery capacity is used for grid services by accu-
mulators that attach a set of EVs [18]. There are various
approaches are utilized to enhance the power quality. One
of the approaches is present harmonic control method,
which is functional in solitary-phase inverters for solar
system [19]. The harmonic components are detected by
the usage of dropped synchronization phase-locked loops
and compensation is done through the proportional reso-
nant current regulator [20].

In this manuscript proposed a hybrid GRFO-ITSA
approach for improving the power quality of the integrated
PV and PEV in SG system. The GRFO-ITSA control
approach is the hybrid wrapper of Garra Rufa Fish Opti-
mization (GRFO) and improved Tunicate Swarm Algo-
rithm (ITSA). Commonly it is named as GRFO-ITSA
approach. The grid-connected PV-PEV, active power man-
agement is performed by the proposed approach. The recre-
ation of the manuscript is labelled as below: Section 2
illuminates bibliographic survey and its contextual.
Section 3 describes the configuration of the integrated
PV, PEV system in SG for power quality improvement.
Section 4 describes the method of controlling PEV using
phase-linked photovoltaics and the proposed approach.
Section 5 illuminates the proposed approach based power
quality improvement; Section 6 is the result along discus-
sion. Section 7 concludes the manuscript.

2 Recent research works: a briefly appraisal

Many research projects based on the integration of
photovoltaic generators use PEVs in electric SG using a
variety of methods and features. Some of them are reviewed
here.

Balasundar et al. [21] has Adaptive Neuro-Fusi
Restricted Distribution standard compensation was recom-
mended to improve the quality of the distribution grid EV
Charging Station (CS). The EVCS was powered by a
3-phase duplex AC-DC converter, duplex helicopter, dis-
tributive static compensator and lithium-ion battery. The
flow of power from grid to vehicle before vehicle to grid
was assisted by bidirectional converters. The bidirectional
chopper was controlled by multi-step current control
approach. Gayathri [22] have elucidated vehicle electrifica-
tion from smart grid concept. The information about the
electric vehicle and EV functioning were evaluated the com-
ponents of EV. The research was analyzed the Electric
drives, battery, renewable ES, charging approaches, ESS
and power management, optimization approaches. Brinkel
et al. [23] have suggested the alleviation of PV output

changeability through shifting the charging processes of
Electric Vehicles (EVs). The introduced model was deter-
mining the effect of variation of PV output on the power
quality of grid at low voltage grid. The variation of output
power of PV was performed by the analysis of load flow.

Lara et al. [24] have suggested the Single-Phase (SP)
Active-Neutral Point Clamped (ANPC) Five-Level Bidirec-
tional Converter (FLBC) for increasing the power quality.
The quality of power was improved by the connection of
G2V and V2G operation performed and connected in series
manner. By utilizing the Dual-Active Half-Bridge DC-DC
Converter (DAHBC) utilize a huge frequency isolation
transmitter, the EV charger operation was performed.
The introduced model was utilized ten numbers of switches.
The introduced converter was reduces the stress of switch-
ing devices, minimize the losses of the system. Irfan et al.
[25] have suggested neuro-fuzzy control approach in reduc-
tion for harmonics. The introduced method was utilized the
shunt active power filter. Kavin and Subha Karuvelam [26]
have elucidated the SEPIC converter for solar panel and
grid utilizes the electrical vehicle system. The introduced
converter was operate at low duty cycle and provides high
dc voltage, less switching loss. Based on BLDC motor-fed
electric train along grid via a 3-phase and SP inverters,
the introduced converter outcome was obtained. PI
controller was utilized to control the converter. The
daytime produced power of solar was applied to the EV
and grid and by utilizing the converter in nightly period,
the power was supply as of grid to EV. Bajaj and Singh
[27] have introduced Analytic Hierarchy Process (AHP)
for evaluation of quality power. Evaluation of quality power
was provides centralized Global Power Quality Index
(GPQI). The introduced system was incorporated with
the utility, load, and DG.

2.1 Contextual of the research work

The review of the current research works depicts that the
managing of grid-connected PV and plug-in electric vehicle
is the most challenging task. Recently, improving the qual-
ity of power used in intelligent network power has been con-
sidered a key challenge in the successful smart grid. Due to
the increase in solar PVs and EVs the power grid experi-
ences high intermittency as well as uncertainty on the pro-
duction and demand sides, which can place high loads on
the distributing network and disturb the steadiness and
grid power quality. Though, the combined function of solar
PV and EV charging complements each other. Because of
the individual combination of PV and EVCS, it deals with
issues such as grid stability and quality electricity. Further-
more, mass spreads, PVs and EVs have been used to create
new participants in the energy market process, as well as
play a key role in redefining the market. The evaluation
of individual effect of EV charge along photovoltaic system
on the operational grid has investigated recently in various
research works. But, the integration of effects of PVs and
EVs on stability of grid, power quality as well as energy eco-
nomics have evaluated in only very few research works.
Hence advanced approaches are needed to analyze the
effects of combined process of PV and EV. These disadvan-
tages were encourage to do this research work.
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3 Configuration of integrating photovoltaic
and PEV in SG for power quality
enhancement

Figure 1 depicts the configuration of integrating photo-
voltaic as well as PEV system in SG with proposed
approach. Here, PEVs are operating both the grid to vehicle

(G2V), vehicle to grid (V2G) mode. In the V2G mode PEV
act as power generators and in G2V mode, it act as con-
sumer load. To obtain the maximal power point generation
along control of dc connection power, at every PV source
terminal is utilized the boost DC/DC static converter.
Similarly, to control the DC link voltage of PEV and to
enable the power flow of each PEV during the charging
or discharging process, PEV is connected to the buck boost

Figure 1. Configuration of integrated PV and PEV system with proposed approach.
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static converter. To regulate the flow of power assigned to
deliver load as well as to participate in ancillary services,
each unit of PVs and PEVs is associated to SG by the
DC/AC static converter. The loads such as nonlinear load,
fixed load and adjustable loads are connected to the system
[28]. Harmonics are formed due to the utilization of nonlin-
ear load. So to alleviate the harmonics of the system, in this
paper proposed a hybrid GRFO-ITSA approach. The major
objectives of the proposed approach are compensation of
harmonics, compensation of reactive power caused by non-
linear loads, control of grid frequency, and satisfaction of
load demand. In the proposed system utilized the smart
meter for the purpose of data collection, information send-
ing as well as receive the instructed information. So the
smart meter is connected to all the components of the sys-
tem like PV, PEV, load, etc.

The smart meter collects the information like current
and voltage of the nonlinear loads, daily requirement of
the load, generation of PV power, preferred constraints of
active powers, battery capacity of PEVs as well as its con-
nection and disconnection time at CS. The collected infor-
mation is received by the proposed hybrid approach. The
proposed approach is operated under two sections such as
neuronal nonlinear loads currents identification using
GRFO approach. The proposed GRFO approach input is
current and voltage of the nonlinear loads. The outcome
becomes reference compensating currents. To guarantee
the harmonic and reactive current mitigation, these refer-
ence compensating currents is given to the inverter of PEVs
and PVs. This approach also provides the nonlinear loads
active power which is given to the grid disturbance control
using ITSA approach. The input phase of ITSA approaches
are connecting loads; i.e. nearby information that PVs
generate electricity and connect PEVs. Then, it controls
the flow of power transmitted between the loaders to
achieve a continuous load distribution and maintains the
stability of the system. Consider an urban area Electric
power Distribution System (EDS) which is incorporated
with feeders, transformers; lumped loads represent indus-
trial, commercial and residential loads. Consider three num-
bers of transformers like tr1, tr2, tr3 which feed the loads of
industrial, commercial and residential.

3.1 Photovoltaic (PV) model

In PV system the electrical energy is obtained from the
operation of solar cell. The extracted PV power is expressed
by using equation (1),

PPV ¼ PSTD
Gir

GSTD
1þ k T c � T refð Þð Þ; ð1Þ

here power at standard condition is denoted as PSTD, inci-
dent irradiance is denoted as Gir, irradiance at standard
condition is denoted as GSTD, temperature coefficient of
power is denoted as k, cell temperature implies Tc, refer-
ence temperature implies Tref. PV power used in the load
requirement and that can reversely inject to the grid
which is described as,

PPV
T ¼ PPVk

T þ PPVs
T ; 8T ð2Þ

here power injected to grid from the PV is denoted as
PPVk

T , power used to satisfy load from the PV (kW) is
denoted as PPVs

T .
For the penetration levels of PVs, fitting power percent-

age about fitting power of the transmitter is described by,

PVs %ð Þ ¼ APVs

ATrans
� 100% ð3Þ

here overall fitting seeming power of PVs in the perceived
transmitting place is denoted as APVs, fitting seeming
power of the transmitter in the perceived transmitting
place is denoted as ATrans.

3.2 Electric vehicle model

In addition to absorbing energy, PEVs are used to provide
great quality support in the power network, and are an inte-
gral part of the Smart Grid [29]. Commonly PEVs are
incorporated with battery and the charging station. The
most challenge of the PEV is efficiency of the battery.
The proposed system is utilized the Lithium battery pack-
ets connected utilize a duplex DC/AC converter. Notice
that the battery is based on the voltage connected in series
with the resistor. Based on the direction of current, recog-
nized the charging and discharging operation of battery.
The discharging process is turn on if the battery current
is positive and the charge process is turn on if the battery
current is negative. The charging and discharge process is
described as,

V Bat ¼ uo � ri � k
q

i � t � 0:1q
i� � k

q
q � i � t i � t þ Ae�b�i�t

ð4Þ

VBat ¼ uo � ri � k
q

q � i � t i
� � r

q
q � i � t i � t þ Ae�b�i�t

ð5Þ
To obtain the configuration of battery pack, the Li-ion
batteries are associated in sequence and similar manner,
which is utilized for achieving net voltage as well as
current requirement. The State of Charge (SOC) of the
battery is described as,

SOC ¼ 100 1� i � t
q

� �
: ð6Þ

The charging and discharging limit is described by,

PMin � Pev � PMax: ð7Þ
The limit of the SOC is described as,

SOCMin � SOC � SOCMax: ð8Þ
The travelling power is described depend on the distance
which is espressed as,

ptr ¼ lpev � ad: ð9Þ
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For the penetration levels of PVs, fitting power percent-
age about fitting power of the transmitter is described by,

PEVs %ð Þ ¼ APEVs

ATrans
� 100%; ð10Þ

here overall fitting seeming power of PEVs in the per-
ceiving transmitter place is denoted as APEVs, fitting seem-
ing power of the transmitter in the perceiving transmitter
place is denoted as ATrans.

3.3 DC-DC converter model

The dc bus voltage is obtained by the DC-DC converter
[30]. The duty cycle of the converter is described by,

dc ¼ 1� V i

V o

� �
; ð11Þ

here input voltage is denoted as Vi, output voltage is
denoted as Vo.

3.4 Voltage along current harmonic distortion

An active nonlinear devices are present in the system which
producing the harmonics. To determine the performance of
the system must determine the total voltage harmonic dis-
tortion and total current harmonic distortion [31]. The rela-
tion of the sum of the power of all harmonic current
instruments with the power of the essential current fre-
quency is called the total current harmonic decay, which
is described by,

TVHD ¼ 100� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v2rms � v2frms

p
vfrms

; ð12Þ

TIHD ¼ 100�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
i2rms � i2frms

p
ifrms

; ð13Þ

here TVHD denotes overall voltage harmonic distortion,
TIHD denotes overall current harmonic distortion, vfrms
denotes fundamental voltage frequency, ifrms denotes
fundamental current frequency, vrms denotes harmonic
voltage component, irms denotes harmonic current
component.

4 Control approach of proposed system

To solve the power quality problems, the proposed GRFO-
ITSA approach is utilized in the combined PVs and PEVs
connected to SG system. The first part of the proposed
approach is neuronal nonlinear load current identification
using GRFO approach which can reduce the harmonics
by using the reference current generation of the system.

4.1 Nonlinear load current identification system

To mitigate the harmonics and compensate the reactive
power utilized the non linear load current identification.
By utilizing the proposed GRFO approach, reference
current is applied to PV, PEV unit, then the determina-
tions of each individual harmonics are achieved. Figure 2

shows that the Control structure of the proposed GRFO
approach. The voltage is described as the point of the joint
coupler 1,

VA ¼ ffiffiffiffiffiffiffiffi
2V

p
sin xTð Þ

VB ¼
ffiffiffiffiffiffiffiffi
2V

p
sin xT � 2p

3

� �

VC ¼
ffiffiffiffiffiffiffiffi
2V

p
sin xT þ 2p

3

� �

2
666664

3
777775: ð14Þ

The nonlinear load is parallel to the rl load, which produce
the harmonics to the grid which is described as follows,

ihA
ihB
ihC

2
64

3
75 ¼

ffiffiffiffiffiffiffi
2i1

p
X

N¼1;5;7;11;13

1
N

sinðN xT � /Þð Þ

X
N¼1;5;7;11;13

1
N

sin N xT � /� 2p
3

� �� �
X

N¼1;5;7;11;13

1
N

sin N xT � /þ 2p
3

� �� �

2
6666666664

3
7777777775
;

ð15Þ
here the fundamental frequency is denoted as x, phase angle
among the current and load voltage is denoted as /. Based
on the orthogonal coordinates the nonlinear load current as
well as voltage is described as,

inla
inlb

" #
¼

ffiffiffiffiffiffiffi
3i1

p
X

N¼1;5;7;11;13

1
N

sinðN xT � /Þð Þ

�
X

N¼1;5;7;11;13

1
N

cosðN xT � /Þð Þ

2
6664

3
7775; ð16Þ

va

vb

� �
¼ ffiffiffiffiffiffiffiffi

3vs
p sin xTð Þ

� cos xTð Þ

� �
: ð17Þ

The active and reactive power based on the nonlinear load
is described as,

Pnl

Qnl

� �
¼ vainla þ vbinlb

vainlb þ vbinla

� �
; ð18Þ

Figure 2. Control structure of the proposed GRFO approach.
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here the error is calculated by,

E ¼ Pnl tð Þ � Pnl;Est tð Þ; ð19Þ
here the instantaneous power is denoted as Pnl(t), esti-
mated active power is denoted as Pnl,Est(t). The harmonic
power is eliminated by the compensation of difference
among the fundamental active power, instantaneous
active power.

The harmonic of the reference current and reactive
power compensation is achieved by the determination of
net harmonic power which is described as follows,

icpen�Re f�a

icpen�Re f�b

� �
¼ 1

v2a þ v2b

va �vb
vb va

� �
� Ptot:har

Qnl

� �
: ð20Þ

The reference currents are compensated then it is classi-
fied into PV and PEV inverters. When no PV is con-
nected to the CS then the harmonics and the reactive
power is recompensed through PV generators [32–35]. If
the PEV is connected to the PV then it share the refer-
ence currents and compensate both the reactive power
and harmonics. In PV inverter, the reference current
compensation in the dq axis is described as,

iPVk�cpen�Re f�d ¼ icpen�Re f�d �
XN
1

iPVj�cpen�Re f�d

 !
NPV;

ð21Þ

iPVk�cpen�Re f�q ¼ icpen�Re f�q �
XN
1

iPEVj�cpen�Re f�q

 !
NPV:

ð22Þ

4.2 Load flow control

If the smart grid is incorporated with variable load demands
then the active power production as well as consumption
provides the imbalance of power. So the control of load flow
balanced by the proposed ITSA approach [36]. Here, the
lumped loads, PVs generation, plug in as well as plug out
time of PEV, SOV of battery are considered. The measure-
ment of the quantities of the electrical power distributing
system voltage harmonics for the grid and lumped load cur-
rent harmonics is determined. The harmonic load flow con-
trol is performed by the ITSA approach. Here considered
the odd harmonics for example 3rd, 5th, 7th, 9th, 11th,
13th harmonics. In first and last order harmonics utilized
by the 10 kV MV grid.

5 Proposed GRFO-ITSA approach based
power quality improvement in the
simultaneous integration of PVS and PEV
system

In this study a hybrid GRFO-ITSA is proposed the power
value and to analyze day-to-day load details in the
feeders along transmitters as well as effect of simultaneous
integration of PVS and PEV [37–39] on the daily voltage

and total harmonic distortion of voltage profiles in the
urban electric power distribution system. Using the pro-
posed approach, modeled the connection and disconnection
of PEV in CS and the loads. The harmonic distortion is
minimized by the proposed GRFO-ITSA approach. The
detailed description of the proposed approach is described
as below.

5.1 Reference current generation using Garra Rufa Fish
Optimization algorithm (GRFO)

GRFO is the new Optimization approach which is stimu-
lated through spectacular movements of the Garra Rufa
fish among two legs sunk through an usual “fish rubbing
assembly”. In this GRFO, the particles are splitted into
group and the best one is found in each group [40]. Based
on the fitness of the group leader, some of these particles
are permitted to adjust groups. The mobility between the
groups is obtained by the number of fishes present in each
group. The fishes are present in different groups when
searching their food and each group has an own way to
found the operating point of the system. Each group incor-
porated with leader and identical number of particles which
is known as follower. Based on the value the follower
changes their groups for all iteration. In this manuscript,
GRFO is utilizes to calculate reference current in an inte-
grated PV-PEV system. Gradually process of GRFO
described in below:

Step 1: Initialization

In this initialization step, the currents and voltage val-
ues, and load demand are initialized.

Step 2: Random generation

An initialized parameters are arbitrarily generated in
the form of matrix.

Step 3: Fitness calculation

Fitness calculation is found depend on the objective of
the system. It is described as,

Fi ¼ Min eð Þ; ð23Þ
here e is the error function.

Depending on fitness function, restore the system
parameters.

Step 4: Resort the parameter

Based on the fitness function, resort the parameter of
the system.

Step 5: Check the iteration

Check the maximum iteration, if obtained the maxi-
mum iteration then obtain the optimal reference value.

The Author(s): Science and Technology for Energy Transition 78, 7 (2023)6



The numbers of leaders are used to select to allow for the
difficulty of the problems and the expect number contains
the optimal points for the objective process. Each time a par-
ticular group of fish travels towards an additional group, it is
best to pay the optimal fare between the whole group. If not
attain the maximum iteration then go to next step.

Step 6: Update the parameter

Update the number of particles for each group is
described by,

Nf ¼ n � NL

NL
; ð24Þ

here total number of particles is denoted as n, number of
followers represent Nf, number of leaders indicates NL.

Step 7: Find worst and best leader

The worst leader is described as,

Nf ¼ int a � randð Þ; ð25Þ

mij ¼ max mij�1 � Nf

� �
; 0

� �
; ð26Þ

here, Mobile fish for ith leader is denoted as Mij. The best
leader is determined by,

N 1 ¼
Xn
2

Ni; ð27Þ

m1j ¼ m1;j�1 þ N 1: ð28Þ

Step 8: Update the position and speed

The position and velocity is determined by the below
equations,

vi t þ 1ð Þ ¼ xvi tð Þ þ c1R1 pi tð Þ � Xi tð Þð Þ
þ c2R2 gi tð Þ �Xi tð Þð Þ; ð29Þ

Xi t þ 1ð Þ ¼ Xi tð Þ þ vi t þ 1ð Þ; ð30Þ
here speed of the ith atom is denoted as Vi, inactivity
mass parameter is denoted as x, acceleration coefficients
is denoted as C1, C2. After updation, the loop is connected
to step 3.

5.2 ITSA for load demand satisfaction

TSA is one of the bio-inspired metamorphic optimizing
algorithms. In the swarming activity of the Mytilus, this
mechanism encourages them to survive efficiently in the
complex conditions of the ocean [41–44]. To determine
the location of food source in sea Tunicate has a great tal-
ent. There are two characteristic of tunicates like jet
momentum as well as swarm performances are used for

searching the food source of the sea. Based on these two
characteristic tunicate determine the optimum food source.
In this paper the TSA is improved by the cross over and
mutation operator hence, named as improved TSA
approach. ITSA is used to satisfy the load demand of the
system. The step by step process is described as below
[45–47].

Step 1: Initialization

TSA input vectors operate from the GRFO approach,
load demand that is initialized in the initialization.

Step 2: Random generation

Spontaneous function is used to generate numbers in the
middle of [0, 1]. Based on the problem area, the lesser limit
was chosen with the higher limit.

Step 3: Fitness Assessment

Determines the fitness of every searching agent. The
assessment of fitness is determined as the objective function.
It is regulated as,

Obj ¼ Min voltage deviation; harmonicsð Þ ð31Þ
Step 4: Position Upgrading
Determine the jet velocity and mass behaviour of the

Mytilus based on fitness and upgrade location using the
equation below,

tp ¼ q
y
þ 1

� �
¼

�tp yð Þ þ tp
q
y þ 1
	 


2þ o1
; ð32Þ

here �tp yð Þ is the position of tunicate, o1 is the random
number.

Step 5: Crossover along mutation:

The upgrade function uses the shortcut with the muta-
tion operator by rearranging the Mytilus swarm location. In
two individuals to create a newly solution package, the
shortcut ratio is achieved.

Xover ¼ d
j
; ð33Þ

here d implies count of individuals crossover, j implies dis-
tance of individuals.

Individuals are approximately transmitted in light of
the exact ratio of change in the process of change

Ymu ¼ p
l

ð34Þ

here p indicates transmit point, L indicates distance of
individuals.
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Step 6: Boundary analysis

Check whether the renewal search agent location is
within or outside the boundaries.

Step 7: Computing fitness

Determines the improved status of the Mytilus fitness
function using error function resolution

Step 8: Termination

Once the conclusion principles are fulfilled rather than
the optimal solution for the search, go to Step 4. Figure 3
illustrates the flow chart of the GRFO-ITSA approach.

6 Results and discussion

This manuscript describes the performance of the proposed
GRFO-ITSA. In this manuscript proposed GRFO-ITSA for
improving the quality of power. The photovoltaic as well as
PEV are concurrently connected together in SG system.
The active power is managed by GRFO approach and load
is controlled by the ITSA approach. The major aim of
GRFO-ITSA is minimizes the deviation of voltage, total
harmonic distortion minimization. The proposed approach
is to analyze the mutual properties of the PVSs in the PEVs
in the feeder, as well as the transmitting load, voltage out-
lines, and compatible modifications of the city power supply
system. Also, the performance of the GRFO-ITSA is imple-
mented on MATLAB site along compared with various
existing approaches. Based on two seasons like summer
and winter the performance of the system is analyzed.

Figure 4 displays the test system which incorporated
with medium and low voltage grid, feeders, distribution
transformer stations, and lumped loads expressed as indus-
trial, commercial and residential loads. The design of total
loads will be based on the electrical measurement data for
summer and winter, especially the three specific summers
(June, July and August) and winter (December, January
and February).The mean and standard deviation of the
load profile is determined from at every 10 min interval.

Case 1: Performance analysis of GRFO-ITSA system on
summer

Here, the performance of the GRFO-ITSA is analyzed in
summer season. Figure 5 displays the statistical parameters
of active energy profiles of lumped loads for summer. Here
present the industrial, commercial, residential load mean
and standard deviation. The standard deviation of commer-
cial load active power is varies 0 to 0.1(p.u) at the time per-
iod of 0 to 24 h. Similarly, the standard deviation of
industrial load is varies 0 to 0.15 at the time period of 0
to 24 h. The standard deviation of residential load is varies
0 to 0.18 at the time period 1 h, then it varies from 0.01 to
0.1 (p.u) at 2 to 16 h. After that it varies up to 0.1 0.4 (p.u)

at 16 to 24 h respectively. By comparing the mean value of
manufacturing profitable along domestic load active pow-
ers, the commercial load active power is high then other
two active powers. The active power values are normalized
about maximal active load power. Analysis of daily profile
of the feeder 1 to 2 loads (any type) through summer is dis-
plays in Figure 6. Here, the proposed system is analyzed
under four sub cases. S base means the system performance
is analyzed at PV system and PEVs are not connected in
summer (S). S PVS3 means the system is connected to
PV system but not connected to the PEV. S PEV3 means
the system is connected to PEV but not connected to the
PVs. S PVS3 plus PEV3 means the system is connected
to both PVs and PEV. For analyzing the time period of
6–18 h, the apparent power at base case is varied up to
850 kVA. Under the connection of PV system, the apparent
power is varied up to 500 kVA. By connecting the PV sys-
tem, the apparent power is very low. When only connecting
the PEV, then the apparent power is varied up to
1100 kVA. It provides high apparent power. When connect-
ing both PEV and PV, the apparent power is varied to
650 kVA. It is higher than the connection of individual
PV system. Analysis of daily profiles of industrial load at
the transformer 1 during summer is displays in Figure 7.
Consider the time period 6 to 16 h. At the base case, the
apparent power (total power) becomes varied up to
950 kVA. When the system is connected in PV only means
then the apparent power is varied up to 240 kVA. When
the system is connected in PEV only means then the appar-
ent power is varied up to 400 kVA. This value is bigger than
the PV and PEV connection and only PV connection.
When the system is connected in PEV and PV means then
the apparent power is varied up to 300 kVA. Analysis of
daily profiles of commercial load at the transformer two
during summer is displays in Figure 8. Consider the time
period 6 to 16 h. At the base case, the apparent power (total
power) becomes varied up to 350 kVA. When the system is
connected in PV only means then the apparent power is
maximally varied up to 225 kVA. When the system is con-
nected in PEV only means then the apparent power is max-
imally varied up to 375 kVA. This value is bigger than the
PV and PEV connection and only PV connection. When
the system is connected in PEV and PV means then the
apparent power is maximally varied up to 225 kVA. Anal-
ysis of daily profiles of residential load at the transformer 3
during summer is displays in Figure 9. Consider the time
period 6 to 16 h. At the base case, the apparent power (total
power) becomes varied up to 275 kVA. When the system is
connected in PV only means then the apparent power is
maximally varied up to 140 kVA. When the system is con-
nected in PEV only means then the apparent power is max-
imally varied up to 175 kVA. When the system is connected
in PEV and PV means then the apparent power is maxi-
mally varied up to 310 kVA. in the residential type load
the maximum apparent power is obtained both the connec-
tion of PV and PEV system.

Analysis of system voltage differences in maximum level
during summer is shown in Figure 10. Here the nodes and
voltage differences are present. The voltage difference of
both the connection of PV and PEV system is negative
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Figure 3. Flowchart of the proposed GRFO-ITSA Approach.
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for all the nodes. The comparison of only PV connection
and only PEV connection provides more voltage differ-
ences. Compared to PEV, PV provides more voltage differ-
ence. Only PV connection at summer, the maximum
voltage difference is achieved at node 18 and the voltage
difference is 3.2%. Only PEV connection at summer, the
maximum voltage difference is achieved at node 18 and
the voltage difference is 2.9%. Both PV and PEV connec-
tion at summer, the maximum voltage difference is achieved
at node 1 and the voltage difference is �0.01%. Analysis of
system THD differences in maximum level during summer
is shown in Figure 11. Here the nodes and THD

differences are present. The THD difference of both the con-
nection of PV and PEV system some value is negative and
some are small value in positive for the nodes. The compar-
ison of only PV connection and only PEV connection
provides more THD differences. Compared to PEV, PV
provides more voltage difference. Only PV connection at
summer, the maximum THD difference is achieved at node
18 and the THD difference is 1.15%. Only PEV connection
at summer, the maximum THD difference is achieved at
node 18 and the THD difference is 1%. Both PV and
PEV connection at summer, the maximum THD difference

Figure 4. Test system.

Figure 5. Analysis of statistical parameters of active energy
profiles of lumped loads for summertime.

Figure 6. Analysis of day-to-day outlines of the feeder 1 to 2
loads (any type) thru summertime.

Figure 7. Analysis of day-to-day outlines of manufacturing
load at the transmitter 1 thru summertime.

Figure 8. Analysis of day-to-day outlines of profitable load at
the transmitter 2 thru summertime.

Figure 9. Analysis of day-to-day outlines of domestic load at
the transformer 3 during summer.
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is achieved at node 19 and the THD difference is 0.15%.
Analysis of daily profiles of phase voltage for summer is
shown in Figure 12. Here considered, the node 18. Consider
the time period 6 to 18 h, the maximum voltage at the base
cases is 0.985 (p.u), the maximum voltage at the individual
connection of PV and PEV becomes 1.006(p.u), 0.989 (p.u)
respectively. When both PV and PEV connection, the max-
imal voltage becomes 1.004(p.u) respectively. Because of
the individual impacts in PVS and PEV on the voltage out-
lines are opposite; their concurrent process reduces the volt-
age deflection associated with base line. Consequently,
depending upon the rate among penetration levels for PV
as well as PEV, the voltage is enhanced may lead to a
reduction in the PEV load voltage difference. Analysis of
daily profiles of phase voltage for summer and winter in
relation of base case is displays in Figure 13. Here, the
Figure 13 is depicts the voltage variation high with the gen-
eration of PV and intensity of PEV connection. The varia-
tion of voltage is occurring due to the penetration of PV
and PEV. With relation of base case, the PV maximum
voltage at summer is 3.1 (p.u), the PEV and both PV
and PEV the maximum voltage becomes 0, 2.8 (p.u) respec-
tively. Figure 14 displays the analysis of daily profiles of
THD when zero medium voltage grid and PEV harmonic.
So the THD percentage at base case is high and the high
THD value is obtained at 1.7% at 10 h. THD percentage
at only PV connection is around 1.8% at 10 h. THD per-
centage at only PEV connection is around 1.8% at 10 h.

THD percentage at both PV and PEV connection is around
2.3% at 10 h. Figure 14 conclude that at PEV harmonics
zero then the combined PV and PEV connection THD is
high. Figure 15 displays the analysis of daily profiles of
THD when zero medium voltage grid and PEV harmonic
and the relation of improper circumstance. Here considered
the node 19, and the relation of base case. The PV with
comparison of improper circumstance, the maximal vari-
ance of THD as of 0.65%, the PEV with comparison of
improper circumstance, the maximal variance of THD as
of 0.8%, The PV plus PEV with comparison of base case,
the maximum variance of THD as of 0.18%. So from the
Figure 15, it is concluding that the PV with PEV provides
less THD than others. Figure 16 displays the analysis of
daily profiles of THD difference when random value of med-
ium voltage grid and PEV harmonic compared to base case.
From the Figure 15, it is conclude that both PEV and PV
connection provides less THD difference than other case is
proved. Figure 17 displays the analysis of daily profiles of
THD difference when random value of medium voltage grid
and PEV harmonic. From the Figure 17, it is conclude that
both PEV and PV connection provides less THD than
other case is proved. Figure 18 displays the analysis of daily
profiles of THD difference when zero value of medium volt-
age grid and PEV harmonic compared to base case. From
the Figure 18, it is conclude that both PEV and PV connec-
tion provides less THD than other case is proved.

Figure 10. Analysis of system voltage differences in maximum
level during summer.

Figure 11. Analysis of system THD differences in maximum
level during summer.

Figure 12. Analysis of daily profiles of phase voltage for
summer.

Figure 13. Analysis of daily profiles of phase voltage for
summer in relation of base case.
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Case 2: performance analysis of GRFO-ITSA on winter

Here, the performance of the GRFO-ITSA approach are
analyzed in winter season. Figure 19 displays the statistical
parameters of active energy profiles of lumped loads for win-
ter. Here present the industrial, commercial, residential load
mean and standard deviation. The standard deviation of
commercial load active power is varies 0 to 0.1 (p.u) at
the time period of 0 to 24 h. Similarly, the standard devia-
tion of industrial load is varies 0 to 0.15 at the time period

of 0 to 24 h. The standard deviation of residential load is
varies 0 to 0.1 (p.u) at the time period 0 to 15 h, then it
increased to 0.22 (p.u) at 16 h. Again the residential mean
value of active power is varied as of 0 to 0.1 (p.u). The mean
value of industrial load active power is varied up to
0.95 (p.u) and the residential load active power is varied
up to 0.95 (p.u) at 15 h. Compared to industrial load active
power mean value, the residential load active power mean
value is low is presented in Figure 12. The commercial
load active power mean value is varied up to 1 (p.u).

Figure 14. Analysis of daily profiles of THD when zero medium
voltage grid and PEV harmonic.

Figure 15. Analysis of daily profiles of THD when zero medium
voltage grid and PEV harmonic compared to base case.

Figure 16. Analysis of daily profiles of THD difference when
random value of medium voltage grid and PEV harmonic
compared to base case.

Figure 17. Analysis of daily profiles of THD difference when
random value of medium voltage grid and PEV harmonic.

Figure 18. Analysis of daily profiles of THD difference when
zero value of medium voltage grid and PEV harmonic compared
to base case.

Figure 19. Analysis of statistical parameters of active energy
profiles of lumped loads for winter.
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By comparing the mean value of manufacturing profitable
along domestic load active powers, commercial load active
power is high then other two active powers. The active
power values are normalized in relative to the maximal
active power load. Analysis of daily profile of the feeder 1
to 2 loads (any type) through wintertime is displays in
Figure 20. Here, the proposed system is analyzed under four
sub cases. S base means the system performance is analyzed
at PV system and PEVs are not connected in winter (W).W
PVS3 means the system is connected to PV system but not
connected to the PEV. W PEV3 means the system is con-
nected to PEV but not connected to the PVs. W PVS3 plus
PEV3means the system is connected to both PVs and PEV.
For analyzing the time period of 6 to 18 h, the apparent
power at base case is varied up to 950 kVA. Under the con-
nection of PV system, the apparent power is varied up to
800 kVA at 9.5 h. By connecting the PV system, the appar-
ent power is very low. When only connecting the PEV, then
the apparent power is varied up to 1050 kVA. It provides
high apparent power. When connecting both PEV and
PV, the apparent power is varied to 900 kVA. It is higher
than the connection of individual PV system. Analysis of
system voltage differences in maximum level during winter
is shown in Figure 21. Here the nodes and voltage differences
are present. The voltage difference of both the connection of
PV and PEV system is negative for all the nodes. The
comparison of only PV connection and only PEV connection
provides more voltage differences. Compared to PEV, PV
provides more voltage difference. Only PV connection at
summer, the maximum voltage difference is achieved at
node 18 and 8 and the voltage difference is 1.8%. Only
PEV connection at summer, the maximum voltage differ-
ence is achieved at node 18, 8 and the voltage difference is
1.6%. The node 11, 15, 19, only PEV connection provides
negative values. Both PV and PEV connection at summer,
the maximum voltage difference is achieved at node 1 and
the voltage difference is �0.01%.

Analysis of system THD differences in maximum level
during winter is shown in Figure 22. Here the nodes and
THD differences are present. The THD difference of both
the connection of PV and PEV system some value is
negative and some are small value in positive for the nodes.
The comparison of only PV connection and only PEV

connection provides more THD differences. Compared to
PEV, PV provides more voltage difference. Only PV con-
nection at summer, the maximum THD difference is
achieved at node 17, 18 and the THD difference is 1.21%.
Only PEV connection at summer, the maximum THD dif-
ference is achieved at node 18 and the THD difference is
1.1%. Both PV and PEV connection at summer, the
maximum THD difference is achieved at node 19 and the
THD difference is 0.2%.

Case 3: Performance analysis of proposed system in
summer and winter

Here, the performance of the GRFO-ITSA approach are
analyzed in summer and winter seasons. Figure 23 displays
the statistical parameters of active energy profiles for sum-
mer and winter. The standard deviation of active power in
summer season is varies 0–0.31 (p.u) at 5.8–12 h of time
period. At that time it decreased to reaches zero at 16th
hour. The mean value of active power in summer is varied
from 0 to 0.51 (p.u) at 5 to 10 h. At that time the mean
value is decreased to reach zero at 16 h. The standard
deviation of active power in winter season is varies 0 to
0.25 (p.u) at 7 to 11 h of time period. At that time it
decrease to reaches zero as of 14.5 h. The mean value of
active power in winter is varied from 0 to 0.27 (p.u) at

Figure 20. Analysis of day-to-day outlines of the feeder 1 to 2
loads (any type) thru wintertime. Figure 21. Analysis of system voltage differences in maximum

level during winter.

Figure 22. Analysis of system THD differences in maximum
level during winter.
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7 to 12 h. Then the mean value is decreased to reach zero at
14.5 h. Compared to winter and summer season statistical
characteristic provides the standard deviation, mean value
of summer season is high then the winter season.

Analysis of daily profiles of voltage for summer and
winter is displays in Figure 24. Here considered varies pen-
etration of PV and PEV. Consider the summer season and
the time period 6–16 h then the base case, PV1, PV2, PV3
maximum voltage is becomes 0.978 (p.u), 0.99 (p.u),
0.1003 (p.u), 0.1008 (p.u) respectively. Consider the winter
season and the time period 8–12 h then the PEV1, PEV3
maximum voltage is becomes 0.976 (p.u), 0.974 (p.u)
respectively.

Comparison of THD of proposed and existing
approaches in summer and winter season is shown in
Figure 25. The proposed approach THD at summer season
is 0.15% and the winter season is 0.2%. The Moth Search
Algorithm (MOA) approach THD at summer season is
0.21% and the winter season is 0.28%. The Mayfly
Optimization Algorithm (MOA) approach THD at summer
season is 0.21% and the winter season is 0.28%. The Moth
Search Algorithm (MOA) approach THD at summer sea-
son is 0.3% and the winter season is 0.35%. The Grey Wolf
Optimizer (GWO) approach THD at summer season is
0.8% and the winter season is 0.9%. From this Figure 24
it is conclude GRFO-ITSA approach THD is less than
existing methods is proved.

7 Conclusion

In this paper proposed a hybrid GRFO-ITSA approach for
minimizing the harmonics, voltage deviation and improve-
ment of power quality in the integrated PVs and PEVs
clever network system. GRFO determines the reference
current for compensating the harmonics and the reactive
power of the system. The proposed ITSA approach is
utilized to control the flow of load and satisfy the demand
of the system. The proposed approach is analyzes the effect
of the concurrent joint of the PVs, PEVs on the day-to-day
load outline of feeders along transmitters and on the day-to-
day voltage as well as THD outlines in the distributing
system. Built in proposed approach to modelling of loads,
PVs and PEVs are utilized to analyze the connection and
disconnection of charge of PEV batteries thru day. The pro-
posed approach is analyzed under two seasons like summer
as well as winter. Under this cases, various sub cases are
considered to analyze the proposed system. The sub cases
are base case, that is the system is not connected in PV
and PEV, only PV connection, only, PEV connection and
both PV and PEV connection. From this analysis, it is con-
clude that the proposed approach reduces the harmonics
and voltage difference and increase the power quality
efficiently.
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