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Abstract - As a non-polluting alternative to fuel-based vehicles, Electric Vehicles (EVs) are an advantageous choice. Electricity 

is typically required to charge these EVs; hence, a novel Renewable Energy Source (RES) powered EV charging station 

connected to the grid is developed. EV charging stations are required where energy for charging is sourced from RES because 

the energy stored in EV batteries is insufficient for long-distance driving. This work puts forth the proposal of Hybrid Renewable 

Energy Source (HRES)-based EV charging, in which these charging stations are equipped with RES and battery storage systems. 

The energy produced from the PV panel is supplied to the grid via an improved KY buck-boost converter along with a Three 

Phase Voltage Source Inverter (3𝜙 𝑉𝑆𝐼). The energy obtained is additionally stored in an EV battery for further use. By resolving 

optimization issues and accelerating convergence, the Sea Lion Optimized PI controller (SLnO-PI), which controls converter 

operation, maintains a steady supply to the DC link. Similarly, by using a Proportional Integral (PI) controller, 3𝜙 𝑉𝑆𝐼 coupled 

to the grid is maximized. The Pulse Width Modulation (PWM) rectifier, which is utilized in Wind Energy Conversion Systems 

(WECS) employing a Doubly Fed Induction Generator (DFIG), converts AC to DC with the help of a PI controller. The work is 

simulated in MATLAB Simulink software and respective outcomes are obtained and outcomes are analyzed with efficiency of 

97% and voltage gain of 1:16.    

Keywords - EV, HRES, KY buck-boost converter, DFIG, WECS, MATLAB.

1. Introduction 
Increasing fossil fuel prices and updated regulations 

aiming at decreasing CO2 emissions in traditional automobiles 

have prompted interest in EVs. It requires excellent charging 

stations to “refuel” the batteries on a frequent basis to run 

smoothly and continuously [1, 2].  

The instantaneous connecting of several EVs to an 

electrical grid for charging enhances the demand for power 

and causes other grid-related challenges. Using energy from 

RES for EV charging represents a particular response to power 

system challenges. Because of the benefits it offers, solar PV 
power generation is preferable to other RESs. Electricity for 

EVs is produced pollution-free by solar-powered charging 

stations, which is good for the environment [3, 4]. Because of 

the steady drop in PV module prices, PV is becoming 

increasingly regarded as a competitive energy source for grid 

supplementation [5].  

Furthermore, PV system requires minimal repairs in 

terms of workforce and fuel. Energy exchanging technology, 

battery management systems, improved installation 

procedures, and design standards have all contributed to a 

considerable improvement in the application of PV to charge 

EVs [6].  

As a result, a step-up gain DC-DC converter is employed 

to enhance the low direct voltage obtained from the PV system 
in order to meet the power equipment’s requirements. The 

Boost converter [7] lacks current input control, yet it is 

capable of providing high gain at low-duty ratios. At a high-

duty cycle, it draws some input current from the source, 

causing problems with converter parts.  

Buck converters, Buck-boost converters [8], Cuk 

converters [9, 10], Zeta [11] and Single-Ended Primary 

Inductance Converters (SEPIC) [12, 13] are examples of 

conventional single switch step-down/step-up converters. 

These converters are preferably used for converting low DC 

output voltage to high DC output voltage.  

Even though Buck-boost and Cuk converters step 

voltages up and down, their efficiency is insufficient, causing 

stress on the component. KY converter has low voltage ripples 

http://www.internationaljournalssrg.org/
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and quick transient response to achieve maximum power 

point. It is utilized in photovoltaic systems that operate in 

Continuous Conduction Mode (CCM) to overcome the 

complexity due to output ripple waves and voltage transfer 

gain [14].  

Still, it causes leakage inductance loss, reducing the 
converter’s capacity. To manage the output voltage of the KY 

buck-boost converter [15], a simple voltage-controlled analog 

regulator is proposed in this study. KY buck-boost converter 

produces output voltage with precisely the same polarity as the 

input voltage. In this work, an improved KY buck-boost 

converter is proposed to improve the voltage obtained from 

the PV system. Following the converter operation, a controller 

approach is used to compensate for energy obtained from the 

PV system. PI controller is a technology that is widely used to 

extract additional power from a solar system [16].  

Genetic Algorithm (GA) is a population-based algorithm 

that employs the concepts of biological evolution and survival 
of the fittest. Because the significant GA operators are 

selection, crossover, and mutation [17], the iteration process 

is exceedingly slow and difficult to understand and debug.  

The Grey Wolf Optimization (GWO) algorithm [18] takes into 

account the grey wolves’ hunting behaviour and leadership 

structure. Although it is straightforward to build with fewer 

parameters, its performance is hampered by poor speed of 

convergence and low solution accuracy.  

The particle Swarm Optimization (PSO) algorithm [19] 

makes use of sharing information and collaboration among 

individuals to find the best solution; each particle updates its 
velocity and position in every iteration by analyzing the 

individual highest values and global extreme values.  

However, it has a slow convergence speed during the 

process of iteration. In this work, the SLnO method, a unique 

metaheuristic optimization system that mimics the hunting 

behaviour of sea lions, is proposed. The results reveal that the 

SLnO method outperforms other standard metaheuristic 

algorithms.  

The Wind turbine linked to DFIG is the most commonly 

used form of WECS technology due to its lower converter 

ratings and adequate power consumption due to variable speed 

operation. The DFIG is used in the majority of existing wind 

turbines, accounting for around half of all installations. 

Because it makes excellent use of the rotor core, DFIG 

provides tremendous torque and small size [20, 21].  

The PI controller controls the VSI, which is used for 

effective grid synchronization and increased reactive power 

adjustment. The LC filter [22] is employed to minimize the 

harmonics generated by the system, thereby improving the 

stability of the system. The contributions made in this work 
are listed below, 

 Implementing a novel improved KY buck-boost 

converter to step up/down the voltage obtained from the 

PV system. 

 Sustaining a steady direct voltage throughout the system 

using SLnO assisted PI controller. 

 Implementing the PI controller to stabilize output from 

the DFIG-based WECS. 

 Integrating grid synchronization with PI controllers to 

ensure uninterrupted power supplies for EV charging. 

The overall system is executed in MATLAB software to 
verify its effectiveness in HRES-based EV charging.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1 Schematic diagram for HRES-based EV charging 
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2. Proposed System Description 
EV is able to be charged from renewable energy sources 

by storing wind power at night and solar electricity during the 

day, which encourages the development of clean energy and 

reduces emissions of greenhouse gases. A hybrid renewable 

source is integrated into the grid with an improved KY buck-

boost converter proposed with an SLnO-PI controller, which 

is synchronized with the grid through a 3𝜙 VSI control 

scheme, as shown in Figure 1. 

The electricity that comes out of the PV system is 

influenced by solar irradiation and temperature variations, 

resulting in a low direct voltage. As a result, the converter is 
necessary for improving direct voltage to a more significant 

amount. In this proposed work, an improved KY buck-boost 

converter is utilized to enhance the direct voltage obtained 

from the PV system. In this proposed system, an SLnO-based 

PI controller is used for maximizing the PI parameters by 

comparing. V_(DC ref) and V_(DC act), through which PWM 

pulses are engendered for better working of Improved KY 

buck-boost converter.  

The wind energy fed into the DFIG is provided to a PWM 

rectifier, and the resulting value is delivered to the grid 

through a 3ϕ VSI, which leads to DC-AC conversion. For the 

purpose of synchronizing the electrical supply with the grid, 
PWM pulses are generated, which are then sent to VSI through 

the PI controller by analyzing P_ref, Q_ref with P_act, Q_ref 

resulting in reactive power compensation and grid 

synchronization. 

3. Proposed System Modelling 
3.1. PV System Modelling 

Photovoltaic systems use semiconducting components to 

convert solar energy into direct electricity. A photovoltaic 

system uses solar panels, which are composed of various solar 

cells, to produce the necessary solar energy. When modelling 

this system, irradiance and temperature are crucial variables to 

take into account.  

A PV system’s output voltage fluctuates as a result of 

variations in temperature and irradiance. In order to 

effectively reduce oscillation and increase solar output power, 

an upgraded KY-Boost converter is utilized in this work. 

Figure 2 shows the PV module’s circuit arrangement.  

The PV module’s current flow is expressed as, 

𝐼 = 𝐼𝑝ℎ − 𝐼𝑜 [𝑒
(𝑉+𝑅𝑠𝐼)

𝑉𝑘𝛼
−1

] −
𝑉+𝐼𝑅𝑠

𝑅𝑠ℎ
       (1) 

Where 𝑉𝑘  represents maximum thermal voltage, 𝐼𝑜 

denotes PV current, 𝛼 indicates ideality constant for diode, 𝐼𝑝ℎ 

denotes input photocurrent, 𝑅𝑠 and 𝑅𝑠ℎ represents the series 

and shunt resistance, respectively, 𝐼𝑑 represents diode current, 

𝑉 denotes PV voltage, and 𝐼 means the output PV current. The 

output received from the PV system is low, which is then fed 

into an improved KY buck-boost converter for stepping up or 

down the voltage obtained. 

3.2. Improved KY Buck-Boost Converter 
Voltage received from the PV system is intermittent; 

therefore, a converter approach is required to improve the 

obtained PV voltage. Figure 3 represents the circuit diagram 

for the improved KY buck-boost converter, and Figure 5 

indicates the converter operation diagram. This combines a 

synchronous Buck and Boost converter, which is made up of 

power switch S, capacitor 𝐶1, 𝐶2 and𝐶3, inductor 𝐿1, 𝐿2 and 𝐿3 

with a standard output load 𝑅0.  

3.2.1. Mode 1 

In this phase, switch S is kept ON, and diode D is kept 

OFF, in which input voltage supplies energy to 𝐶1 and 𝐿1, 

causing 𝐶1 to charge and 𝐿1 to magnetize, as shown in Figure 

4(a). Simultaneously, input voltage, in conjunction with 

capacitor C2, delivers energy to the inductor 𝐿2 and output, 

causing 𝐶2 to lose its charge and 𝐿2 to magnetize. The 

following equations are related to mode 1, 

𝑣𝐿1 = 𝑉𝑖𝑛 − 𝑣𝐶1       (2) 

𝑣𝐿2 = 𝑉𝑖𝑛 + 𝑣𝐶2 − 𝑉𝑜       (3) 

 

 

 

 

 

 

 

 
 

 

 
Fig. 2 PV cell model 

 

 

 

 

 

 

 
Fig. 3 Improved KY buck-boost converter
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Fig. 4 Modes of operation (a) Mode 1, and (b) Mode 2. 

3.2.2. Mode 2 

The switch S is kept in OFF condition, and diode D is in 

ON condition, in which energy that is retained in inductor 𝐿1 

and capacitor 𝐶1 is discharged to the capacitor 𝐶2 and output 

via inductor L2, producing C1 to be discharged and L1 to 

demagnetize as shown in Figure  4(b). Simultaneously, the 

voltage across 𝐿2 equals 𝑣𝐶2 minus 𝑉𝑜, which charges 𝐶2 and 

demagnetizes 𝐿2. Equations related to mode 2 are listed 

below; 

𝑣𝐿1 = −𝑣𝐶1     (4) 

𝑣𝐿2 = 𝑣𝐶2 − 𝑉𝑜      (5)  

𝑣𝑐1 = 𝑣𝐶2        (6) 

The equilibrium state DC voltages across C1 and C2 are 

given by, 

𝑣𝐶1 = 𝑣𝐶2 = 0.5𝑉0      (7) 

When compared to the input voltage, the produced 

voltage is greater, and it provides less voltage ripple, fast 

transient load response and high accurateness. In addition, 

because this type of converter is simple to develop and 
regulate, it is applicable in manufacturing environments. The 

following describes the optimum mechanism for control of the 

converter employed in this work. 

3.3. Sea Lion Optimized PI Controller 

The two phases of the Sea Lion algorithm, which is an 

optimization method based on the behaviours of sea lions 

when hunting, are exploration (seeking) and exploitation 

(attacking). Interesting traits of sea lions include their rapid 

movements, keen vision, and excellent hunting skills. Below 

are the main phases of sea lion hunting activities;  

 They track and pursue the prey using their whiskers. 

 Alerting other group members who had joined their 

subgroup while chasing and surrounding the prey. 

 Going after the prey. 

As they draw closer to their desired prey, sea lions make 

the following movements: 

𝐽(𝑡 + 1)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = 𝑀(𝑡)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ − 𝐷𝚤⃗⃗⃗⃗ 𝑠 ∙ 𝐻⃗⃗        (8) 

Where, 𝑀⃗⃗ (𝑡) indicates the target prey’s position vector, 

𝐽 (𝑡) indicates the sea lion’s position vector and 𝐷𝜄⃗⃗  ⃗𝑠 indicates 
the sea lion’s distance from its intended prey. 

Equation (9) states distance between a sea lion and its 

intended prey is given as, 

(Dιs)  =|2B  ∙(J_rand (t) )  -(J(t))   |  (9) 

Where, B   indicates a random vector in the range (0,1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5 Waveform for converter operation 
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Fig. 6 Flow chart for Sea Lion algorithm
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Sea lions are categorized as amphibians since they live 

both on land and in the water. Sea lions’ vocalizations are 

made in such a way that sound travels four times more quickly 

in water than it does on land. When a sea lion spots its victim, 

it signals other sea lions to attack it. Figure 6 depicts the 

flowchart for the SLnO algorithm.   

The sea lion that seeks prey is known as the leader, and 

the mathematical expression of its vocalization behaviour is as 

follows: 

𝑆𝑃𝑙𝑒𝑎𝑑𝑟𝑒𝑟
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = |(𝑉⃗ 1(1 + 𝑉2)⃗⃗⃗⃗⃗⃗ ) 𝑉2

⃗⃗  ⃗⁄ |        (10) 

𝑉1
⃗⃗  ⃗ = 𝑠𝑖𝑛 𝜃 ; 𝑉2

⃗⃗  ⃗ = 𝑠𝑖𝑛 𝜙                    (11) 

In Equation (10), the sound speed of a sea lion is denoted 

as 𝑆𝑃𝑙𝑒𝑎𝑑𝑟𝑒𝑟𝑠
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗  and speed of sound in water and air of sea lion 

is denoted as 𝑉1
⃗⃗  ⃗ and 𝑉2

⃗⃗  ⃗ correspondingly.  

Sea lions locate their prey and surround it during 

exploitation. Prey is referred to as the current best option, and 

the leader, who tells the other sea lions, is referred to as the 

search agent. The mathematical representation of the 

encircling behaviour of sea lion is given below, 

𝐽(𝑡 + 1)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = |𝑀⃗⃗ (𝑡) − 𝐽 (𝑡)| ∙ 𝑐𝑜𝑠(2𝜋𝑙) + 𝑀⃗⃗ (𝑡)  (12) 

Where 𝑙 indicates numbers chosen randomly between -1 

to 1, the absolute value is denoted as 𝑀⃗⃗ (𝑡)and the distance 

between the optimum solution and the search agent is 

indicated as |𝑀⃗⃗ (𝑡) − 𝐽 (𝑡)|. The mathematical expression for 

sea lion hunting behaviour is cos(2𝜋𝑙), because it is circular. 

According to Equation (13), the search agent’s location is 

justified in accordance with a sea lion chosen at random and 

is written as, 

𝐽(𝑡 + 1)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = 𝐽𝑟𝑛𝑑(𝑡)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ − 𝐷𝜄𝑠⃗⃗⃗⃗⃗⃗  ∙ 𝐻⃗⃗              (13) 

Where, 𝐻⃗⃗  stands for limitation, which gradually drops 

from 2 to 0 and  𝐽𝑟𝑛𝑑
⃗⃗ ⃗⃗ ⃗⃗  ⃗ represents a random search agent. 

3.4. Modelling of Wind Power 

The following Equation (14) indicates the power 

generated by wind.  

𝑃𝜔 =
1

2
𝜋𝜌𝑅2𝑉𝜔

3𝐶𝑝(𝜆, 𝛽)             (14) 

Where, 𝑅 denotes the radius of the rotor blade, 𝜌 indicates 

the density of air, 𝛽 denotes the pitch angle of the blade, 𝐶𝑃 

denotes coefficient performance, 𝜆 denotes the ratio of tip 

speed, and 𝑉𝜔 denotes the velocity of wind. Equation (15) 

states further expression of 𝐶𝑝, 

𝐶𝑝(𝜆, 𝛽) =
1

2
(𝜆 − 0.022𝛽2 − 5.6)𝑒−0.17𝜆    (15) 

𝜆 =
𝜔𝑟𝑅

𝑉𝜔
        (16) 

Where mechanical blade angular velocity is represented 

as 𝜔𝑟 . 

3.5. DFIG Modelling 

Park’s model is very beneficial and popular for modelling 

DFIG and features a stator-oriented frame of reference. The 
reference frame is designed specifically for DFIG and is 

highly helpful for figuring out DFIG operations in both normal 

and fault situations the following expressions are adopted for 

motor convention to state stator and rotor voltages in abc 

frame. 

𝑢𝑠⃗⃗⃗⃗ = 𝑅𝑠𝚤𝑠⃗⃗ +
𝑑

𝑑𝑡
𝜆𝑠
⃗⃗  ⃗       (17) 

𝑢𝑟⃗⃗⃗⃗ = 𝑅𝑟𝚤𝑟⃗⃗  +
𝑑

𝑑𝑡
𝜆𝑟
⃗⃗  ⃗ − 𝑗𝜔𝑚𝜆𝑟

⃗⃗  ⃗         (18) 

The possible expressions for the fluxes triggered in the 

stator and rotor are given in (19): 

𝜆𝑠
⃗⃗  ⃗ = 𝐿𝑠𝚤𝑠⃗⃗ + 𝐿𝑚𝚤𝑟⃗⃗           (19) 

𝜆𝑟
⃗⃗  ⃗ = 𝐿𝑟𝚤𝑟⃗⃗  + 𝐿𝑚𝚤𝑠⃗⃗        (20) 

Where 𝚤𝑟⃗⃗   and 𝚤𝑠⃗⃗  indicates rotor and stator currents’ 

respective space vectors, 𝐿𝑚 indicates magnetizing 

inductance, 𝑢𝑟⃗⃗⃗⃗  and 𝑢𝑠⃗⃗⃗⃗  denotes voltage of rotor and stator space 

vector, 𝜆𝑟
⃗⃗  ⃗ and 𝜆𝑠

⃗⃗  ⃗ indicates rotor and stator fluxes space vector, 

respectively, 𝐿𝑟 and 𝐿𝑠 further expressed as the following, 

𝐿𝑟 = 𝐿𝑙𝑟 + 𝐿𝑚           (21) 

𝐿𝑠 = 𝐿𝑙𝑠 + 𝐿𝑚           (22) 

Where, 𝐿𝑟 and 𝐿𝑠 indicates leakage inductance of the rotor 
and stator, respectively. Figure 7 is drawn based on Equation 

(21) and (22).  

 

 

 

 

 

 

 
 
 
 

 

Fig. 7 DFIG equivalent circuit model 
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By expanding (19) and (20), the following expression is 

obtained, 

𝜆𝑟
⃗⃗  ⃗ =

𝐿𝑚

𝐿𝑠
𝜆𝑠
⃗⃗  ⃗ − 𝜎𝐿𝑟𝚤𝑟⃗⃗         (23) 

Where, 𝜎 = 1 −
𝐿𝑚
2

𝐿𝑠𝐿𝑚
      (24) 

The value of 𝜆𝑟
⃗⃗  ⃗ is replaced as follows, 

𝑢𝑟⃗⃗⃗⃗ =
𝐿𝑚

𝐿𝑠
(

𝑑

𝑑𝑡
− 𝑗𝜔𝑚) 𝜆𝑠

⃗⃗  ⃗ + (𝑅𝑟 + 𝜎𝐿𝑟(
𝑑

𝑑𝑡
− 𝑗𝜔𝑚)) 𝚤𝑟⃗⃗     (25) 

By putting 𝚤𝑟⃗⃗  = 0 in (25), the open circuit voltage of the 
rotor is obtained as, 

𝑢𝑟0⃗⃗⃗⃗⃗⃗ =
𝐿𝑚

𝐿𝑠
(

𝑑

𝑑𝑡
− 𝑗𝜔𝑚) 𝜆𝑠

⃗⃗  ⃗   (26) 

Both the transient reactance and rotor resistance are 

insignificant and negligible, the right side of Equation (25) is 

less when compared to 𝑢𝑟0⃗⃗⃗⃗⃗⃗ . Hence, 𝑢𝑟0⃗⃗⃗⃗⃗⃗   is written as, 

𝑢𝑟0⃗⃗⃗⃗⃗⃗ = 𝑗𝜔𝑟
𝐿𝑚

𝐿𝑠
𝜆𝑠
⃗⃗  ⃗ =

𝐿𝑚

𝐿𝑠

𝜔𝑟

𝜔𝑠
𝑈𝑠𝑒

𝑗𝜔𝑠𝑡    (27) 

Where 𝜔𝑠 and 𝜔𝑟  indicates angular and synchronous 

frequencies of slip correspondingly. The magnitude of 𝑢𝑟0⃗⃗⃗⃗⃗⃗  is 

obtained as, 

𝑈𝑟0 = 𝑗
𝜔𝑟

𝜔𝑠
𝑈𝑠 =

𝐿𝑚

𝐿𝑠
𝑠𝑈𝑠    (28) 

Where the value of the slip is expressed as, 

𝑠 =
𝜔𝑠−𝜔𝑚

𝜔𝑠
        (29) 

𝜔𝑟 = 𝜔𝑠 − 𝜔𝑚    (30) 

From the equations mentioned above, it is evident that 

rotor voltage is proportional to slip and stator voltage. 

3.6. Grid Synchronization 
An inverter maintains DC-link voltage at a reference 

value while maintaining the output current’s frequency and 

phase at grid voltage. The PI current control approach used in 

this work, as seen in Figure 8, uses a synchronous rotating 

frame mechanism to convert the three-phase symmetric grid 

voltage and current into DC variables and a two-phase rotating 

(d-q) frame to achieve sinusoidal control of the inverter.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Fig. 8 Schematic diagram for grid-connected 3𝝓 VSI 
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As a result, the current loop adopts the PI controller, 

realizing no steady-state error correction.The grid voltage is 

written as, 

{

𝑢𝑠𝑎 = 𝑢𝑚 𝑠𝑖𝑛 𝜔𝑡

𝑢𝑠𝑏 = 𝑢𝑚 𝑠𝑖𝑛(𝜔𝑡 − 2𝜋
3⁄

𝑢𝑠𝑐 = 𝑢𝑚 𝑠𝑖𝑛(𝜔𝑡 + 2𝜋
3       ⁄

 (31) 

From the transformation of Tαβ/abc and Tdq/αβ, the above 

Equation is derived as, 

[
𝑢𝑠𝑑

𝑢𝑠𝑞
] = [

𝑐𝑜𝑠 𝜔𝑡 𝑠𝑖𝑛𝜔𝑡
− 𝑠𝑖𝑛𝜔𝑡 𝑐𝑜𝑠𝜔𝑡

]
2

3
[
1 −

1

2
−

1

2

0
√3

2
−

√3

2

] [

𝑢𝑠𝑎

𝑢𝑠𝑏

𝑢𝑠𝑐

] = [
𝑢𝑚

0
] (32) 

According to (32), in a synchronous rotating frame, 𝑢𝑠𝑞 

and 𝑢𝑠𝑑 are DC variables; consequently, it can utilize two PI 

adjusters to manage reference current tracking.  

4. Results and Discussion 
This work describes an improved KY buck-boost 

converter technique for increasing PV system production. As 

a result, the SLnO-based PI controller linked to the PWM 

generator supplies controlled voltage to the DC connection. 

Through the PI controller, 3𝜙 VSI maintains switching 

operation. The final system approach is implemented in 

MATLAB, and outcomes for simulation are obtained. Table 1 

lists the parameter specifications that the proposed system 

makes use of. 

4.1. Case 1: Variation in Temperature and Constant 

Intensity 

The waveforms for temperature & irradiance of solar 

panels are depicted in Figure 9, in which temperature is 

continued constant at 25℃ initially, and there is a gradual 

change in temperature in this case 1.  

Finally, it is maintained constant at 35℃ after 0.1s, as 

shown in Figure 9(a). The waveform for solar irradiation is 

represented in Figure 9(b), which shows that intensity does not 

vary and it is sustained at 1000W/sq-m. 

Figure 10 shows the input voltage and current waveforms 

of the solar panel. As can be seen in Figure 10(a), the voltage 

is kept steady at 95V for 0.1 seconds, after which it slightly 

increases to 98V, which is kept constant throughout the 
system.  

The waveform for solar panel current is shown in Figure 

10(b), in which the current is raised above 15A and it gets 

fluctuates due to climatic conditions. 

Table 1. Parameter specifications 

Parameters Specifications 

Solar PV System 

Capacity 500W 

Peak Power 7.5kW 

No. of Panels 15 

Electron Charge (q) 1.6 x 10-19 Coulomb 

WECS 

Voltage 575V 

Power 1.5kW 

Improved KY Buck-Boost Converter 

Capacitor 

𝐶1 

𝐶2 

𝐶3 

 

470μF 

210μF 

45μF 

Inductor 

𝐿1 

𝐿2 

𝐿3 

 

3000μH 

1500μH 

1350μH 

Switching Frequency 10kHz 

   

 

 

 

 

 

 

 

 

 

 
 

Fig. 9 Solar panel waveforms (case 1) (a) Varying temperature, and (b) Constant irradiation. 
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Fig. 10 Solar panel waveform (case 1) (a) Voltage, and (b) Current. 

 

 

 

 

 

 

 

 

 

 
 

Fig. 11 Converter waveforms (case 1) (a) Output voltage using SLnO-PI controller, and (b) Output current.

The converter waveforms for output voltage using the 

SLnO-PI controller and converter output current waveforms 
are illustrated in Figure 11. Using the SLnO-PI controller, 

distortions are eliminated, and voltage is maintained 

constantly at 600V throughout the system, as presented in 

Figure 11(a). The current waveform for the converter is 

depicted in Figure 11(b), which details that initially current 

rises above 10A and it gets settles with minor distortions. 

4.1.1. Variation in Wind Speed (12m/s-14m/s) 

The waveform for wind speed with variation from 12m/s 

to 14m/s, DFIG output voltage and PWM rectifier output 

voltage is illustrated in Figure 12. The waveform for wind 

speed is shown in Figure 12(a), in which 12m/s is maintained 

constantly till 0.1s, and it is raised to 14m/s after 0.1s, which 
is continuously maintained throughout the system. Initially, 

the output voltage of DFIG fluctuates due to the environment, 

and it is maintained constant within the range of +600 and -

600 after 0.1s, as shown in Figure 12(b). PWM rectifier output 

voltage is raised initially above 400V due to wind gusts, and 

it is maintained constant at 600V after 0.15s with minor 

distortions, as shown in Figure 12(c).  

The waveforms for the battery are illustrated in Figure 13, 

in which battery voltage is maintained constant at 24V 

throughout the system, as indicated in Figure 13(a). The 

waveform for battery current is illustrated in Figure 13(b), in 

which the current is raised to peak and continued with small 

distortions at 1.5A after 0.05s throughout the system. Battery 
SOC waveform depicted in Figure 13(c) details that 90% of 

the charge is stored in the battery for further use of EVs. 

Figure 14 illustrates the grid voltage, current, and in-

phase voltage and current waveforms. The grid voltage is kept 

within the ±400V range, as Figure 14(a) illustrates. The grid’s 

current waveform is displayed in Figure 14(b), which shows 

that the system’s total current is kept within a ±12A range. The 

system-wide in-phase voltage and current are depicted in 

Figure 14(c). The natural and reactive power waveforms are 

illustrated in Figure 15, in which reactive power is a part of 

complicated electricity that corresponds to energy being 

stored and retrieved compared to consumption, which is 
represented in VAR. 

4.2. Case 2: Variation in Intensity and Constant 

Temperature 

The waveforms for temperature and irradiance of solar 

panel are depicted in Figure 16, in which temperature is 

continued to be constant at 35℃ throughout this case 2 as 

shown in Figure 16(a). The waveform for solar irradiation is 

represented in Figure 16(b), which shows that intensity is 

sustained at 800W/sq.m; after 0.1s, there is a rise in 

irradiation, and it is sustained at 1000W/sq-m throughout the 
system. 

100 

0                0.05               0.1               0.15              0.2                0.25              0.3 

20 

15 

10 

5 C
u

rr
en

t 
(A

) 

Time (s) 
(b) 

0 

0                0.05               0.1                0.15               0.2              0.25               0.3 

80 

60 

40 

20 

V
o

lt
ag

e 
(V

) 

Time (s) 
(a) 

0 

0                0.05               0.1                0.15              0.2               0.25               0.3 

600 

400 

200 

0 

V
o

lt
ag

e 
(V

) 

Time (s) 
(a) 

800 

0                 0.05              0.1              0.15               0.2              0.25              0.3 

10 

8 

6 

2 
C

u
rr

en
t 

(A
) 

Time (s) 
(b) 

4 

0 

12 



K.S.V.V. Prasada Rao et al. / IJEEE, 11(3), 25-41, 2024 

34 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 12 Waveform (case 1) (a) Wind speed, (b) DFIG output voltage, and (c) PWM rectifier output voltage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 13 Battery waveforms (case 1) (a) Voltage, (b) Current, and (c) SOC. 
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Fig. 14 Grid waveforms (case 1) (a) Voltage, (b) Current, and (c) In-phase voltage and current.  

 

 

 

 

 

 

 

 

 

 
 

Fig. 15 Waveforms (case 1) (a) Real power, and (b) Reactive power. 

 

 

 

 

 

 

 

 

 

 
Fig. 16 Solar waveforms (case 2) (a) Constant temperature, and (b) Varying irradiation. 
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Fig. 17 Solar panel waveforms  (case 2) (a) Voltage, and (b) Current. 
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Fig. 18 Converter waveforms  (case 2) (a) Voltage using SLnO-PI controller, and (b) Output current. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19 Waveforms  (case 2) (a) Wind speed, (b) DFIG output voltage, and (c) PWM rectifier output voltage.  
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Fig. 20 Battery waveforms  (case 2) (a) Voltage, (b) Current, and (c) SOC. 

Figure 17 shows the solar panel’s voltage and current 
waveforms, in which the voltage of the panel is steadily 

maintained at 85V initially and then at 0.1s, the voltage is 

raised to 95V, which is constantly held throughout the system 

as illustrated in Figure 17(a). The current waveform depicted 

in Figure 17(b) details that the current is raised above 15A and 

fluctuates continuously due to environmental conditions. 

The converter output voltage and current waveforms are 

depicted in Figure 18; by using an SLnO-PI controller, 

converter output is regulated in which there is a peak rise in 

the beginning, and it is constantly maintained at 600V 

throughout the system, as illuminated in Figure 18(a). The 
current waveform for the converter is illuminated in Figure 

18(b), in which the current is raised above 9A initially and 

settles with minor distortions. 

4.2.1. Variation in Wind Speed (14m/s-16m/s) 

The following section deals with outcomes obtained by 

varying the wind speed of DFIG-based WECS from 14m/s to 

16m/s. The speed of wind is initially maintained at 14m/s, 

which is then increased above 15m/s and maintained at 16m/s 

after 0.1s throughout the system, as depicted in Figure 19(a). 

The waveform for voltage obtained from DFIG is indicated in 

Figure 19(b), which shows that the voltage fluctuates initially 

and gets constant within the range of ±600V after 0.1s. The 
rectifier output voltage waveform is shown in Figure 19(c), in 

which voltage is raised above 400V initially, and it is kept 

steady at 600V after 0.15s. 

The waveforms for the battery are depicted in Figure 20, 
in which the voltage of the battery is maintained at 24V 

throughout the system, as illustrated in Figure 20(a). The 

battery current waveform is initially raised to 10A, and then it 

settles down at 1.5A with minor distortions, as shown in 

Figure 20(b). The waveform for battery SOC is shown in 

Figure 20(c), which represents that 90% of charge is held in 

the battery, which is further used by EVs when the PV panel 

loses its power during night time. 

The grid waveforms for voltage, current and in-phase 

voltage and current are illuminated in Figure 21. The voltage 

waveform for the grid is illuminated in Figure 21(a), in which 
voltage is varied within the limit of ±400V throughout the 

system. The current waveform for the grid, illustrated in 

Figure 21(b), details that the current is varied within the range 

of ±12A. Figure 21(c) demonstrates that voltage and current 

are in phase throughout the system. 

Figure 22 shows waveforms of reactive and real power. 

Reactive power, which is a component of complicated 

electricity, corresponds to the energy that is stored and 

recovered as compared to consumption, which VAR 

represents. Watts is employed to describe actual power used 

or consumed in an alternating current circuit. Real and reactive 

power waveforms are shown in Figure 22. When compared to 
consumption, which is represented by VAR, reactive power, 

which is a component of complex electricity, corresponds to 

energy that is saved and recovered.
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Fig. 21 Grid waveforms  (case 2) (a) Voltage, (b) Current, and (c) Voltage and current in-phase waveform. 

 

 

 

 

 

 

Fig. 22 Waveforms  (case 2) (a) Real power, and (b) Reactive power. 

 

 

 

 

 

 

 

 

 

 
 

Fig. 23 THD waveform 
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Fig. 24 Comparison graph (a) Efficiency, and (b) Voltage gain.

Table 2. Comparison of efficiency and voltage gain of different 

converters 

Converter 
Efficiency 

(%) 

Voltage  

Gain 

Buck-Boost [23] 85 1.5 

SEPIC [24] 88.82 8 

KY [25] 93.54 12.33 

Improved KY [25] 94 13 

Improved KY Buck-Boost 97 16 

Table 3. Comparison of different controllers 

Control 

Approaches 

Settling 

Time (s) 

Rise  

Time (s) 

Peak 

Time (s) 

PI [22] - 0.01 0.1 

SLnO-PI 0.05 0.01 0.1 

 

 

 

 

 

 
 

 

 

 

 

 
 

Fig. 25 Comparison of THD output 

The graphical demonstration of THD output is depicted 

in Figure 23. It represents the degree of modification in the 

output waveform. THD influences the power system because 

it results from any deviation in the sinusoidal waveform 

produced by PWM when compared to other arrangements; the 

proposed converter exhibits reduced harmonic distortion with 

1.89%, further reduced by using a filter over the load. The 

comparison graph for efficiency and voltage gain is illustrated 

in Figure 24 and Table 2, in which it is compared for 

conventional converters such as Buck-Boost, SEPIC, KY, 

Improved KY, and improved KY buck-boost converter with 

efficiency of 85%, 88.82%, 93.54%, 94% and 97%.  

From the comparison graph, it is observed that the 

improved KY buck boost converter has better efficiency, 

which improves the performance of the system, as shown in 

Figure 24(a). As can be seen in Figure 24(b), the proposed 

converter obtains a maximum voltage gain of 1:16 in the 

voltage gain comparison. Table 3 indicates a comparison of 

the peak time, rise time and settling time of PI and SLnO-PI 

controller approaches, in which it is clear that the proposed 

approach has better performance that settles at 0.05s, thereby 

improving the effectiveness of the system. The comparison for 

THD output is illustrated in Figure 25, which is compared for 
Buck-Boost, SEPIC, KY, Improved KY and improved KY 

buck-boost converter. The proposed converter has a THD 

value of 1.89% which is lesser than other conventional 

converters. 

5. Conclusion 
EV usage has been increasing rapidly due to its reduction 

in greenhouse gas emissions, advance of air quality and 

decline of climate impact in urban areas due to its use of 

electricity instead of fossil fuels such as diesel and petrol. An 

EV battery charging system powered by solar power is 

designed for clean and stable charging during long-distance 

travel. At the same time, excess energy is stored in EV 

batteries for future use. In this work, an improved KY buck-

boost converter is utilized for the enhancement of DC voltage 
obtained from the PV system. The SLnO-based PI controller 

is being used due to the fact that it has a rapid speed of 

convergence with a smaller number of iterations and a more 

effective damping characteristic. The 3𝜙 VSI is controlled by 

a PI controller, which synchronizes the grid with a THD of 

1.89%. The simulation in MATLAB software yields an 

efficiency of 97% and a voltage gain of 1:16 for the proposed 

converter.
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