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ABSTRACT

Conventional vehicles powered by fossil fuels contribute to air pollution, greenhouse gas
emissions, and reliance on finite resources. The urgent need for electric vehicles (EVs)
arises as a sustainable alternative, offering reduced emissions, improved air quality, and
decreased dependence on fossil fuels for a greener and more sustainable transportation
future. As a consequence, this paper proposes an idea of EV charging, wherein these
stations is equipped with Renewable Energy Sources (RES) and storage systems.
Photovoltaic (PV) system energy output is stored in bi-directional battery. Through the
use of a three-phase voltage source inverter (3@ VSI) and an improved KY converter, the
excess energy produced by the panel is fed into the grid. In the absence of solar energy,
grid energy is efficiently employed for EV charging. For effectual converter operation
optimized controller is essential, of which conventional approaches faces challenges in
determining appropriate parameter values, addressing the problem of premature
convergence, handling multi-modal optimization problems, and overcoming
computational inefficiency in large-scale problems. By resolving these optimization
issues Grasshopper Optimized Proportional Integral (PI) controller is utilized in this work,
which controls converter operation and ensures a steady supply to Direct Current (DC)
connection. Likewise, 3¢ VSI connected to grid, is improved by utilizing PI controller.
Pulse Width Modulation (PWM) rectifier, which is used when combined with a PI
controller in the Wind Energy Conversion System (WECS) with a Doubly Fed Induction
Generator (DFIG), facilitates a conversion of Alternating Current (AC) to DC. The
simulations are executed in Matlab software and corresponding responses are obtained.
The simulated response has 95.2% efficiency and a 1:13 voltage gain as a result.

1. INTRODUCTION

The efficiency of the EVs depends on its capacity of

In recent times, the usage of PV power systems is more
preferable due to increase in demand on energy and to
reduce environmental pollution. Large scale PV power
system has been money oriented in many countries due to its
durability and schemes provided by government to attain
sustainable green energy. It is also suitable in satellite
systems, distributed energy generation and transportation. In
a solar system connected to grid, optimal power is extracted
from PV system and maximum available power is given to
the grid [1-2]. PV-interfaced EV concept requires the use of
a suitable tracking technique because the output from PV
systems is altered by temperature and daylight levels. While
operating in particular modes, such as solar panel to grid and
vehicle to grid, grid to electric vehicle, PV interfaced EV
with grid deliver an oscillatory current to grid with less total
harmonic distortion (THD).

charging and discharging [3]. As a result, a step-up gain DC-
DC converter is utilized in improving DC voltage received
from PV system to achieve need of power equipment.
Although the Boost converter cannot regulate input current,
it can produce significant gains at high duty ratios. It draws
some input current at a high duty cycle from the source,
which damages the component elements of the converter
[4]. Buck-boost converters can meet step-up or step-down
requirements as compared to Boost converters, but their
inefficiency prevents them from achieving significant gains.
[5]-

A voltage from the input can be converted to higher and
lower voltage levels in the output by utilizing a typical single
switch step down/step up converter, such as Buck converter,
Buck-boost converter [6], Cuk [7, 8], Zeta [9] and Single
Ended Primary Inductance Converter (SEPIC) [10, 11].
Although Buck boost and Cuk converters are capable of
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stepping voltages up and down, their efficiency is too low,
which offers stress on the component. KY converter has low
voltage ripples, speedy transient response to achieve
maximum power point and used in photovoltaic systems that
operates at Continuous Conduction Mode (CCM) to
overcome the complexity due to output ripple waves and
voltage transfer gain [12], but it would lead to leakage
inductance loss and therefore capacity of a converter is
reduced. It is clear that, conventional converters suffer from
drawbacks such as lower efficiency, increased power losses,
and limited power density. To overcome these limitations, it
is essential to adopt an improved converter topology. As a
consequence, the proposed work establishes a novel
improved KY converter as it offers higher efficiency,
reduced losses, and increased power density, resulting in
improved overall system performance and energy savings.

A controller strategy is used to balance out the energy
obtained from PV system after the converter operation. A Pl
controller [13] adjusts the control effort based on the error
and integral of error, allowing for precise control and steady-
state error correction. However, fails in providing faster
response and greater performance under variation in input
voltage. To tackle the limitations of PI, Fuzzy Logic
Controllers (FLC) are introduced [14]. FLC completely
depends on human knowledge and rules have to be regularly
updated and it cannot recognize machine learning or neural
network. To overcome these drawbacks, metaheuristic
optimization algorithms are opted for an optimal tuning of
PI controller. Genetic Algorithm (GA) is an algorithm based
on population, which utilizes the concept of biological
evolution and survival of fittest. The main operators of GA
are selection, crossover, and mutation [15] so that the
process of iteration is very slow, difficult to understand and
debug.

Grey Wolf Optimization (GWO) Algorithm takes into
account leadership structure and hunting habits of the grey
wolves. Although its implementation with fewer parameters
is simple, its performance is affected by truncated solution
accuracy and slow convergence speed [16]. To achieve the
best result, the Particle Swarm Optimization (PSO) method
makes use of individual cooperation and information
exchange. Each particle changes its velocity and position by
keeping track of both local and global extreme values during
each iteration [17], but it has low convergence speed in its
iteration process. Whale Optimization Algorithm (WOA) is
a meta-heuristic optimization algorithm that models the
humpback whales' foraging behavior. However, it has
difficulty determining the optimal solution to high-
dimensional, challenging optimization problems [18]. In this
research, we apply a metaheuristic optimization algorithm,
Grasshopper Optimization Algorithm (GOA), to foraging
and swarming behavior of grasshoppers in nature. GOA can
be used in many different fields, including wind energy,
distributed generation, load frequency management, feature
selection, and scheduling [19-20].

Mechanical systems, electric generators, integration with
power systems, aerodynamic design, Pressure to Electric
Converter, and control theory have all improved in the wind
energy sector during the past ten years. The wind turbine
(WT), which is coupled to the DFIG and has low converter
ratings with effective power collection due to variable speed
operations, is one of the various WECS technology types
that is most used. Most existing wind turbines utilize the
DFIG, which provides about 50% of all installations. DFIG
offers high torque and reduction in size since it makes
effective use of the rotor core. [21-22].

A 3¢pVSI transmits the power generated by DC-DC
converter to the grid [23]. It gives a grid an AC output with
a lower THD value at a given frequency. A superior AC
output is produced and supplied into the grid thanks to the
usage of Pl controllers, which compare real power and
reference power to govern inverter operation [24].

A PV integrated grid system with improved KY
converter is examined in this proposed work, in which
converter is controlled by means of PI controller assisted
with GOA. The grid is supplied with the retained DC voltage
through a 3¢ VSI. PI controller has been utilized to regulate
the VSI, which is used for efficient grid synchronization and
improved reactive power adjustment. LC filter [25] is used
to suppress a harmonics obtained from a system, which in
turn improves the system stability [26]. The contributions of
study are as follows,

o Development of an efficient microgrid powered by
renewable energy sources (RESs) aimed at
significantly reducing the reliance on fossil fuels and
combating the pressing issue of global warming.

e Reducing the use of fossil fuels and battling global
warming by utilizing PV and WECS as the primary
energy sources.

e Maintaining a constant voltage supply by using an
improved KY converter with GOA assisted PI
controller.

e Using a PI controller to stabilize a WECS based on
DFIG output.

¢ Providing grid synchronization with conventional Pl
controller thereby enabling uninterrupted power
supply for EV charging.

Using MATLAB software, the voltage stability is
practically confirmed.

2. PROPOSED SYSTEM DESCRIPTION

By storing wind power at night and solar electricity during
the day, EV may be charged from renewable energy sources,
which in turn promotes the growth of renewable energy and
lowers greenhouse gas emissions. PV integrated to grid with
improved KY converter is proposed with the GOA based PI
controller, which is synchronized with the grid through a
3¢VSI control scheme as presented in Fig. 1.
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Fig. 1. EV Charging Station Modelling.

Due to solar irradiation and temperature changes, the
output from PV system is influenced, that provides a low
voltage. Hence, there is a need of converter to increase DC
voltage to higher value. Improved KY converter is
employed in this proposed paper. A GOA based PI
controller is employed in this proposed system to optimize
the parameters of PI, comparing V., y with V¢, , through

which the PWM pulses are generated to the Improved KY
converter. The wind energy fed into DFIG is supplied to
PWM rectifier and the obtained value is fed to grid through
3¢ VSI, which leads to conversion of DC-AC. To achieve
synchronization the supply from inverter is effectively
controlled using PI Controller by analogizing Py..rQy.r
with P, ;Qqc.- The compared signal is given to PWM
generator which widen the amplitude and provides optimal
supply to gird. Thus, grid synchronization is achieved.

3. PROPOSED SYSTEM MODELLING
3.1. Modelling of PV cell

Sunlight is directly converted into electricity by a PV
system, a type of RES. It involves solar panels made up of
PV cells that generate electrical energy when exposed to
sunlight. These cells are typically made of semiconducting
materials, such as silicon, which produce an electric current
when photons from sunlight strike them. In this study, the
PV panel is constructed using a single diode circuit type PV

array, which has the advantage of being convenient to build
and assess PV performance.

To model the PV array with a single diode circuit, four
parameters are needed. Those are short circuit current (I,.),
series resistance (Rg), open circuit voltage(V,) and shunt
resistance. The diode (D) of the model PV cell is linked
across the current source (I,,). Fig. 2 indicates the PV
parallel circuit.

Ideal PV-Cell
Rg I

t
t Len

gm

Fig. 2. Equivalent circuit of PV cell.
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A PV cell's output current is given by,

V+IRg(Nss/Npp)
I'=IpNpp = IoNpp (exp( aivlfzsvsspp ) - 1) B
1)

V+IRs(Nss/Npp)
R*(Nss/Npp)



K.S. V. V.P. Rao, M. Anitha, and V. S. Rao / GMSARN International Journal 19 (2025) 152-164 155

where, I, is reverse saturation currentand L,, is photon
current. Power rating of PV panel is preserved by improving
parallel (N,,,) and series (Nss) connection of cells.

Iph:(lphs—pc+ k1AT) * GlGsrc 2

From Eq. (2), change in air temperature and irradiation
conditions has a direct relationship with the variation in
photocurrent. Eq. (3) contains the reverse saturation current
for a diode, and it hinges on the operation temperature and
material properties of the diode production process.

I,= IsCgrc+ kiAT 3)

Vocgre+ KvT
exp<{%]7‘/t>—1

The equation utilizes the temperature coefficients,
voltage, and current values to calculate the current output at
the given operating temperature (AT). It considers the
impact of temperature on the performance of PV module by
adjusting the current and voltage values accordingly [27].

However, converter is essential, which is responsible for
enhancing the voltage generated by the solar panels that is
suitable for the use of electrical grid and most electrical
appliances.

3.2. Improved KY converter

KY converter boosts the PV voltage and offers rapid
transient response when compared to conventional Boost
converter. However, a gain of KY converter can be
enhanced with an adopting of improved configuration. The
improved KY converter has a minimal output voltage ripple
and an input voltage is less compared to output voltage. By
virtue of synchronous rectification, the current from the
converter is steady and controllable.

The improved KY converter consists of power
switchS along with diodes D,, D,, capacitors C;, C,, output
capacitor C, which is used toprovide constant voltage across
itself, and two inductors L, , L, .Number of switches is
reduced in an improved KY converter. In the circuit shown
in Fig. 3, an input voltage and output voltage are indicated
by V;, and V/, and duty cycle is represented as D. Voltage
across capacitors Cy, C,,Cpare V¢q,Vepand Vo, and voltage
across the diodes D,,D,areVy,,, V,, and voltage across
inductorL, is denoted by V,; respectively.

Continuous conduction mode is used to operate the
upgraded KY converter. To make the analysis easier, the
following standards are considered:

1) The rating of input voltageV;, is constant.

2) As the voltages across all capacitors are consistent
for one switching period, they are all large enough.

3) All elements are normal and parasitic components
are eliminated.

Fig. 3. Improved KY Converter.

3.2.1. Continuous Conduction Mode operation

The discussion that follows is limited to the proposed DC-
DC converter's CCM operation during one switching phase.
It has two operating modes. Fig. 3 displays the equivalent
circuit, and Fig. 5 presents the converter waveform operated
in CCM. A converter operation in CCM is given in the
following and the operating modes are presented in Fig. 4.

(b)
Fig. 4. Operation at CCM (a) Mode 1 (b) Mode 2.

Mode 1[tq,t1]: SwitchsS is first switched on in this mode,
and the diodes are in the off (blocked) condition. Current of
inductors are linearly increased with the input voltage (V;,,).
During t, and t,, capacitorC; is charged and capacitorsC,,
C, are discharged and energy from the output capacitor is
transmitted to the output load. A first mode ends when the
power switch turns off at t=t,. During the first mode shown
in Fig. 4(a), voltage across an inductors L, and L, are
achieved, as follows;

VLl(mode 1)=Vin (4)



156 K.S. V. V. P.Rao, M. Anitha, and V. S. Rao / GMSARN International Journal 19 (2025) 152-164

Vizmode n=Ve2"Ver )

Mode 2[t4,t,]: In second mode, switch S is turned off,
the diodes D, and D, starts conducting as shown in Fig.
4(b). A stored energy is decreased, and their current is
decreased to their minimal value. The capacitor C, is
charged at this transition time. This operation finishes when
the switch S is turned on for the next switching period.

The voltage across inductorsL,,L, are as follows.

VLl(mode 2):Vin'VCZ (6)
VLZ(modeZ): _VC1 (7)
The converter’s voltage gain is obtained by,
_(1+D)
“(1-D) )
DT, (1-D)T;
VGS ﬁ P TS _
0 - - >
Vo
I1 4 o
I ¢ i
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I, === ===
| | |
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....... bz & j———— =
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Fig. 5. Waveform of converter operation in CCM.

The output voltage is larger than input voltage and it
provides quick transient load response, smaller voltage
ripple and its accuracy is high. Additionally, this converter
is easy to design, and the controlling method is simple, so it
is applicable in industrial aspects. The optimized control
methodology of the converter used in this work is explained
as follows.

3.3. GOA based PI controller

A PI controller regulates the operation of a converter, which
helps to produce control signals for the converter to work
properly. However, gain parameters of conventional PI

controller are selected by trial-and-error method which does
not guarantee the generation of accurate outputs. Hence
optimization algorithms are adopted to decide the PI
controller parameters for the generation of optimal outputs.
The swarming behavior of grasshoppers in nature serves as
inspiration for the GOA, a nature-inspired metaheuristic
optimization algorithm. GOA is a present-day multi-layered
systematic method designed on the grasshopper's life cycle,
which comprises three stages such as egg, nymph and adult
that goes under a transformation process known as
metamorphosis. As sliding cylinders, grasshoppers migrate
from egg to nymph and when they wander from nymph to
metamorphosis, they disrupt the growth of crops. This
algorithm is arithmetically designed to form a functional
optimization technique called GOA. It has two functions: it
searches for members at first during the exploration phase,
and later it moves close by during the exploitation phase.
This process guarantees that the goal is executed reasonably
[28].

The expression for the behavior of ‘Grasshoppers’ in
flock:

Xm: rlsm + L&) Gm + r3Am (9)

where, S, is the correlation,4,,is the wind in abeyance, and
X,, is the location of m®" Grasshopper and G, is the
gravitational strength onm®" Grasshopper. The renewed
equation for arbitrary nature is obtained by,

Xm: Tlsm + TZGm +T3Am (10)

where, r, , r, and r; are arbitrary coefficients. The
reputation and attraction forces, which connect a
grasshopper with its next place, are two adjacent forces
among grasshoppers that serve as an example of the social
interaction amongst grasshoppers in nature. The continuous
force leads them to examine the suitable space, while the
attraction force permits grasshoppers to quarry the
beneficial area (local search) (global search). Comfort zone
refers to the region where these forces are equal, and the
target position is still to be tested.

As a result, the grasshopper's location has the best fitness
because it will be targeted by the closest one. The
grasshoppers keep moving in the target's main direction to
achieve balance between local and global search to approach
the target. The comfort zone gradually disappears as
grasshopper places are renewed. At last, the grasshopper
reaches its destination.

The steps to be followed in GOA are listed below.

1. Initialization: ¢, gx,Cmin: tmaxvValues are being fixed to
initiate the algorithm.

2. Assessment and initial population: Selection of the
inhabitants is initially done arbitrarily and based on the
target; the solutions are examined.

3. The ideal solution description: Based on how
valuable it is, the best answer is chosen.



K.S. V. V.P. Rao, M. Anitha, and V. S. Rao / GMSARN International Journal 19 (2025) 152-164 157

4. Changing the reducing factor: The value of cis
changed for reducing the controllable situation.

5. Maintaining the distance among the solution: Eq.
(9) has the control to split up the repulsion, the attraction
zones and the comfort.

6. Renovating the solution: Renewal of the solution
depends upon the distance between it and alternative
solutions can be obtained by Eg. (10).

7. Boundary violation with the solution: The solution
will rest in its domain if it enters the border. For all
population-based, local, and global solutions, the above
three processes are replayed.

8. Ending procedure: The general process is continued
till the maximum number of iterations or t,,4,, has been
attained.

9. The complete answer is then presented.
This procedure is explained as a flowchart in Fig. 6.

SET GOAPARAMETERS
(len' cmln AND tmn)

¥

CREATE THE INITIAL
SWARM POPULATION

¥

[ ACCESS THE WELLNESS VALUE OF ]

EACH SEARCH AGENT AND DECIDE
THE BEST SEARCH AGENT

]

UPDATE ¢ USING EQ. (8)

]

NORMALIZE THE DISTANCE
BETWEEN GRASSHOPPERS

¥

UPDATE THE LOCATION OF EACH
SEARCH AGENT UTILIZING EQ. (6)

¥

4

([ EVALUATE THE FITNESS VALUE OF
EACH SEARCH AGENT AND UPDATE
THE BEST SEARCH AGENT

NO

Fig. 6. Flowchart of GOA.

The arithmetic depression of the process is explained by
taking the d-dimensional location of the it*grasshopper in
the swarm, Gis the grasshopper in the swarm.

ZG Cubd— x](t) xl(t)
e
J#L

Pas(|xf () — xHONLT2) + T, (12)

s(r) = f exp (7)- exp(-1) (12)

The value of ¢ is consistently fixed between
Cmax@ndc,im, and the usage of high rateofc endup with
more utilization.

C(£)= Cppqy-t 2B (13)

tmax

The optimal representation of the GOA is given in Table

- Table 1. Features of optimal GOA
Number of search agents 50
Crax 1
Crmin 0.00004
tmax 50
f 0.5
l 15
ub, 10
lby -10

In GOA, the location of a single grasshopper is renovated
with its location of other grasshopper, actual position and
globally best position. Hence, GOA motivates all agents of
search to get involved in optimization process, which gives
rise to high performance of the search. The values of k,, and
k; used in GOA based PI controller are 45 and 2.1
respectively, which provides less steady-state error and
better damping behavior. GOA provides better performance
in symmetrical (balanced) and asymmetrical (unbalanced)
situations, making it suitable for optimization problems with
both equal and unequal constraints and variables. Since
energy is required during long travel, charging of the
batteries is required and so a DFIG based WECS is modelled
for the continuous usage of the vehicle.

3.4. Modelling of DFIG based WECS

DFIG as seen in Fig. 7, is an asynchronous generator wound
with rotor in which the grid is connected to stator and rotor
through a converter. Due to low quality of the converters
connecting the grid to DFIG, the wide speed operational
range and the capability of adjusting active and reactive
powers, DFIGs now take over the market for WECS.

When compared to fixed speed wind turbines, the DFIG-
based WECS also offers greater energy absorption, quality
in power, and less internal forces on the motor. To reduce
the complexity, the dynamic model written in arbitrary
rotating frame dq was adopted.
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Fig. 7. DFIG based WECS.

. d
(vds = Rgigs + ;d)ds - ws¢qs
. da
vqs= Rslqs + E ¢ds + (‘)sd)ds
. d
Var= erdr + Z ¢dr - wr¢qr

. d
Vgs = Rylgr + o bgr + 0rdar

(14)

Equation (14) indicates the voltage equation for Stator
and Rotor.

Wherer and sdenotes the rotor and the stator indices
respectively, d and q are the synchronous reference frame
components.w, ¢, i and v, denotes the electrical frequency,
the flux, the current and voltage respectively. R is the
resistance.

¢ds = Lsids + Midr
$qs = Lsigs + Migy
bar = Lyigr + Migg
¢qr = Lriqr + Miqs

(15)

Equation (15) indicates the flux equation for Stator and
Rotor, where Mutual inductance is M and Inductance is L

The equation for DFIG-based WECS can be written
mechanically as,

aq
1= Ty = Tow — £ (16)

where, T,,, is the generator electromagnetic torque,Q is the
DFIG speed, J turbine total inertia, and f is the damping
coefficient.

An electromagnetic torque for DFIG is known as:

M . .
Tem = pz ((l)qsldr - ¢dslqr) (17)
Where number of the pole pairs of DFIG is p.

3 . .
P = > (Vasias + Vgslgs
5. . (18)
Qs = 3 (vqslds — VasVaslgs)

Equation (18) indicates the expressions of active and
reactive power for stator side [29]. The output obtained from
DFIG may oscillate at its normal operation because of
blowing wind. If it is not maintained regularly, it affects the
quality of the energy, frequency, voltage and stability of a
power system. To have a uninterrupted supply to the grid,
synchronization of the voltage is required which is obtained

from the DC voltage applied to the PI controller and then
PWM pulse is generated, then the energy produced is
supplied to the battery and the grid for working of the
system.

THREE PHASE

INVERTER i
Vo [F

F e

Fig. 8. Configuration of grid connected 3¢ VSI.

3.5. Grid Voltage Synchronization

Grid synchronization is the process of aligning frequency,
voltage, and phase of a distributed energy resource system
with the existing electrical grid to enable seamless
integration and safe operation. It is necessary to ensure
reliable and efficient power transfer, prevent disruptions,
and maintain grid stability. For grid voltage
synchronization, a Pl controller based current control
method used is explained in Fig. 8. This method is less
susceptible to fluctuations in grid power and responds more
quickly. Pl controller aims to reduce inaccuracy when
evaluating an actual VSI output current to a desired
reference current.

The proportional term in control system is formed by
combining error and proportional gain, effectively reduces
the overall error. By incorporating an integral term attained
through multiplying error by an integral gain, steady-state
error is eliminated. The proposed grid voltage
synchronization method ensures improved steady-state
response, while also minimizing harmonics and maintaining
active and reactive power components using PWM
techniques.

4. RESULTS AND DISCUSSION

An improved KY converter strategy for raising PV system
productivity is presented in this paper. As a result, the PWM
generator and GOA-based PI controller work together to
provide the DC link with regulated voltage. The 3¢ VSI
maintains swapping operations over Pl controller. In
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Matlab, the final system approach is carried out, and
simulation results are acquired. Table 2 shows a description
of the proposed system's parameters.

Temperature and radiation waveforms of the PV system
are shown in Fig. 9(a). From 0 to 0.1s, the temperature
waveform displays a persistent 20°C temperature. Then it
reaches a temperature of about 35°C at 0.1s, and it is retained
to be constant throughout the system. The voltage produced
by the PV system increases because of the abrupt rise in
temperature.

Table 2. Parameters Description

Parameters Descriptions

Solar PV system

Peak Power 10KW, 10 panels
Series Connected Solar 36
PV Cells
Short Circuit Current 8.3A
Open Circuit Voltage 12v
Battery 100 Ah, 10V

Improved KY Converter

L1,L2 2*(350‘111'1 — 6A)
C,,C; ATuF
Switching Frequency 10KHz

4.1 At varying temperature and irradiation
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Fig. 9. Solar Panel Parameters at varying condition (a)
Temperature Waveform (b) Solar Irradiation Waveform.
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In due course, the solar irradiation waveform, Fig. 9(b)
shows that, from 0 to 0.1s there is a stable irradiation. At
0.1s, there is sudden rise in the irradiation of 1000W/sg-m,
after that it is maintained to be constant throughout the
system.
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Fig. 10. PV Panel output at varying condition (a) Voltage
waveform (b) Current waveform.

An output current and voltage waveform of the PV panel
is shown in Fig. 10, in which, the voltage waveform
indicated in Fig. 10(a) has a constant voltage of 42V and at
0.1s there is slight variation in voltage and it is constantly
maintained at the voltage of 48V. Fig. 10(b) indicates the
current output of PV panel, in which it is gradually raised
initially and becomes constant at 240A after 0.1s.

Fig. 11 depicts the waveform for an output voltage and
current waveforms produced by proposed converter. An
input to the converter is obtained from the PV panel. The
first waveform, Fig. 11(a) represents an output voltage
waveform of converter, at 0.01s there is a disruption in
voltage, and it becomes stable after 0.05s and a constant
voltage of 620V is maintained after 0.3s. Likewise, Fig.
11(b) denotes the converter’s output current. Initially, the
current is disrupted and there is gradual rise of current at
0.03s, then the current is maintained constant at 13A.
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Fig. 11. Converter waveforms at varying condition (a) VVoltage
(b) Current.

4.2 At constant temperature and irradiation
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Fig. 12. Solar Panel Parameters at constant condition (a)
Temperature Waveform (b) Solar Irradiation Waveform

Fig. 12 represents the output waveforms for solar
irradiation and temperature at constant condition. A constant
temperature of 35°C is maintained throughout time period
as shown in Fig. 12 (a) whereas a solar irradiation of
1000W/sg-m is indicated in Fig. 12 (b).
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Fig. 13. PV Panel output at constant condition (a) Voltage
waveform (b) Current waveform.

The output characteristics of a photovoltaic (PV) panel at
constant condition are demonstrated in Fig. 13. In Fig. 13(a),
the voltage waveform exhibits a consistent value of 44V.
However, at 0.1s, there is a slight deviation in voltage, after
which it stabilizes and remains constant at 48V. Fig. 13(b)
illustrates the current output of the PV panel, showing a

gradual increase initially and reaching a steady state of 240A
after 0.1s.
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Fig. 14 illustrates an output voltage and current
waveforms generated by proposed converter, with input
derived from the PV panel. In Fig. 14(a), the output voltage
waveform undergoes a disturbance at 0.01s, stabilizing by
0.05s, and maintaining a constant voltage of 620V after 0.3s.
Simultaneously, Fig. 14(b) portrays the converter's output
current, initially experiencing a disruption and exhibiting a

gradual increase at 0.03s, followed by a constant current of
13A.
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The waveforms illustrated in Fig. 15 shows battery
outputs, in which the voltage is sustained at 12V in Fig.
15(a). Similarly, the current waveform of the battery
displayed in Fig. 15 (b), which is disturbed at initial stage,
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and it is constantly sustained at 1.5A. Fig. 12 (c) indicates
SOC of battery which is continuous to maintain at a
maximum level of 80%.

DFIG and rectifier output voltage waveforms are
exhibited in Fig. 16. In the first waveform displayed in Fig.
16(a), voltage is drastically raised in the beginning to 450V
and there is a gradual change in the voltage and it is
sustained at 600V. The second waveform in Fig. 16(b)
indicates an output voltage obtained from the DFIG, in
which it is initially oscillated due to the wind gust and is
equally kept at 600V from 0.15s.

The waveform depiction in Fig. 17 describes an output
current and voltage of grid along with reactive and real
power. Initially an actual power value of 7000W is achieved,
which in turn produces a constant grid voltage of about
390V with stable grid current of 12A. The real power
waveform is continuously regulated at 7000W with a
minimized reactive power of -200VAR.

Fig. 18 displays a graphic representation of total
harmonic distortion. A grid current THD value of 2.33%, is
achieved which results in lower harmonics and meets the
requirement of IEEE519 standard.

in a more robust and reliable control system, especially in
the presence of disturbances or uncertainties.

Voltage gains and efficiency performance measures for
several converters are compared in Fig. 16 and Table 4.
Figure 19(a) below compares efficiency and demonstrates
how the improved KY converter in the suggested system
performs better than other converters. High efficiency is
crucial in power conversion systems as it minimizes power
losses, resulting in improved energy utilization and reduced
heat dissipation.

Table 4. Comparison of voltage gain & efficiency
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Fig. 18. THD output.

Table 3. Comparison of Settling time, Rise time And Peak

Converters Voltage gain Efficiency
Boost [30] 15 80%
Buck boost [34] 2 85%
Cuk [32] 3 85%
SEPIC [33] 8 88.82%
KY [31] 12.33 95%
Improved KY 13 95.2%
Comparison on efficiency
100
95
£ 90
5 8s
E 80
75
70
Boost Buck Cuk SEPIC KY Improved
hoost KY

Converters

overshoot
Control Settling Rise Peak
approach time(s) time(s) overshoot(s)
GA-PI 0.52 0.01 0.015
PSO-PI 0.44 0.011 0.010
GWO-PI 0.38 0.015 0.05
GOA-PI 0.3 0.025 0.13

Table 3 compares the peak overshot, rise time, and
settling time of various optimized techniques with PI
controller assistance. In contrast to other similar approaches,
the proposed GOA-PI controller shows faster convergence
at 0.3s. This implies that the system controlled by GOA-PI
reaches a stable state more rapidly, contributing to faster
convergence and improved dynamic response. This results
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Fig. 19. Converter (a) Efficiency and (b) Voltage Gain.
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On other hand, voltage gain is compared in Fig. 19 (b),
for converters, in which voltage gain of 1:13 is obtained for
proposed converter, which improves system performance.
This higher voltage gain can be advantageous in applications
where a substantial step-up in voltage is required, providing
flexibility in matching different voltage levels within a
system.
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Fig. 20. Comparison of Algorithms.

The speed of the algorithms during their convergence
with their maximum number of iterations appears in Fig. 20,
as mentioned earlier. In the above figure, GOA based PI
controller is compared with PSO-PI, GA-PI and GWO-PI,
in which it is understood that GOA-Pl has speed
convergence rate with minimum number of iteration, which
automatically increases the efficiency of the system. This
implies that the control system achieves stability and
optimal performance with less iteration, leading to quicker
settling times and dynamic response. Fast convergence is
particularly advantageous in real-time applications where
rapid adjustments to changing conditions are essential.
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Total Harmonics Distortion
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Fig. 21. Comparison of THD.

THD values at different frequencies are illustrated in Fig.
21. It denotes the level of the deformation that happens in
the output waveform. THD impacts on the power system

because it emerges from any variation takes place in the
sinusoidal waveform, which is produced by PWM. This
converter shows less harmonic distortion when compared to
other configurations. By utilizing a filter across the load,
THD can be suppressed even more. Low THD indicates a
closer approximation to a pure sinusoidal waveform in the
output. Improved waveform quality contributes to better
power quality, reducing the likelihood of voltage and current
distortions that can affect the performance of connected
devices and equipment. Reduced harmonic distortions
contribute to smoother operation, minimizing stress on
components and enhancing the reliability of power
electronics.

5. CONCLUSION

Recently the usage of EVs are increasing rapidly due to its
reduction in the greenhouse gas emissions, improvement in
the quality of air and reduces the impacts on climate
conditions in urban areas and it uses electricity instead of
fossil fuels like diesel and petrol. During long travel,
charging of EV batteries is required and so a solar powered
EV system connected to grid is designed for clean and stable
charging and the EV batteries store the extra energy for
future use. WECS based DFIG is preferred to attain
maximum amount of wind power from the environment. In
this paper, Improved KY converter is used, because it
provides greater output voltage gain than its input voltage.
GOA based PI controller is used because it has quick
convergence speed with minimum number of iterations and
has a better damping behavior. Effective grid
synchronisation is accomplished using the 3¢ VSI and Pl
controller with a minimum THD value of 2.33%. The
proposed converter results in enhanced efficiency value of
95.2% with maximum voltage gain of 1:13 respectively.
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