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░ ABSTRACT- The combination of Renewable Energy Source (RES) and storage element in charging station is a possible 

solution for meeting the growing energy requirement of electric vehicles (EVs). In a grid-tied RE system, the converters are essential 

for attaining the process of power conditioning. Conventional DC-DC converters suffer from issues like voltage spikes, 

electromagnetic interference, and efficiency losses. The necessity for integrated converters arises from the demand for improved 

power conditioning, increased power density, and enhanced overall system performance. As a result, in this work, boost integrated 

Luo converter is proposed due to the ability to address aforesaid drawbacks and offer superior power conditioning capabilities in 

modern power electronic systems. The Luo converter with conventional boost converter aids in alleviating the current ripples to a 

greater extent. The PI control with Particle Swarm Optimization (PSO) strategy is efficiently employed in this study as provides 

consistent voltage supply to the converter. Thus, the ultimate aim of this work is achieved by enhancing the low dc voltage of PV 

panel by using a PSO-PI control-based hybrid converter, which increases its efficiency, lowers the cost, supplies suitable current 

and voltage for energizing the battery or to charge the grid tied EV charging station. The simulation results obtained verifies the 

effectiveness of developed system. 
 

Keywords: RES, EV, PV panel, DC-DC converters, Boost integrated Luo Converter, PSO-PI control. 

 

 

 

░ 1. INTRODUCTION   
The impact of increased mobility and better living standard 

results in higher energy consumption, which causes emission of 

greenhouse gasses and tremendous pollutions of environment 

[1]. In order to avoid the emission of greenhouse gases and to 

improve the transportation industry's economic or 

environmental challenges, the Electric vehicles (EVs) have 

been occurred as a best possible solution. Therefore, the 

electrified transportation networks are essential for lowering the 

fossil fuel usage and carbon emissions. Through the progress of 

EV sector and the improvement of batteries, the EV has become 

a valuable element as it is capable of transmitting the electricity 

in both directions [2-4]. On the other hand, the transportation 

industries are shifting from thermal to renewable energy 

resources due to global warming and depletion of fossil fuels 

[5].  In general, charging an EV requires a substantial quantity 

of electrical energy, which is usually supplied by coal or gas 

fired power plants.  This actually leads to fossil fuel depletion 

and global warming. To make the EVs completely clean and 

green, the required electrical energy for running the EV is 

derived from the RE sources like PV, wind and so on. 
 

When the EVs are grouped in a charging station, large amount 

of electricity is consumed, which has a significant influence on 

the grid operation.  As a result, integrating a RE system with an 

energy storage battery is viewed as the best approach for 

tackling this issue [6, 7].  Solar energy, in this opinion, is the 

most potential energy source for substituting fossil fuels such as 

natural gas, coal, and petroleum products. It is possible to 

integrate PV cells into roofs of battery powered EVs [8, 9]. 

Recent reductions in battery system costs, combined with its 

excellent support capabilities, have made the integration of PV 

with battery systems economically feasible. [10-12]. In the 

proposed system, batteries [13] are used to store excess energy 

generated by the solar panels during periods of high solar 

production. These batteries act as a buffer, allowing the system 

to supply electricity to the grid during low solar output or at 

night when solar panels are not producing power. This energy 

storage [14, 15] capability enhances grid stability, provides 

backup power, and optimizes energy utilization, ultimately 

increasing an overall reliability and efficiency of the grid tied 

system. 
 

For the purpose of producing constant voltage output and 

optimizing the low dc voltage, which is produced by the PV, a 

DC-DC converter is implemented [16, 17]. The DC-DC step up 

converters is designed to convert the low dc voltage levels to 
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higher voltage levels by retaining the input voltage [18]. This is 

because the input voltage level is crucial in determining 

efficiency and performance of converter. By maintaining input 

voltage levels, the converter operates in a favorable range, 

reducing voltage stress on components and minimizing losses. 

To get maximum voltage gain, a traditional boost converter is 

used, which has high voltage boosting efficiency but it requires 

high duty ratio. The buck boost converter is chosen to step up 

the low DC voltage, but its parasitic resistance restricts 

maximum voltage gain, and larger duty ratios impact 

performance. Additionally, high input current ripples and 

distorted output voltage reduce converter efficiency [19]-[21]. 

The preceding converters' restrictions are overcome by using a 

Cuk converter, which employs a soft switching mechanism to 

decrease the circuit's control complexity.  Nevertheless, this 

converter has a significant disadvantage in that it contains a high 

number of reactive components, resulting in high current stress 

throughout the device. Although SEPIC converters have a 

stable input current, the excessive current ripples hinder the 

maximum power extracting performance of the PV [22, 23].  

The article describes all of these modes in detail, as well as the 

architecture of the components. The outcomes of both 

theoretical and experiments for a 1-kW setup based on the 

proposed configurations are presented.  On the other hand, Luo 

converters are regarded as highly efficient in terms of power 

conversion [24]. It has low duty cycle and high voltage 

conversion efficiency. Moreover, this converter topology is 

designed to produce a large output gain while maintaining a 

constant voltage lifting capability by resolving all of the 

previous concerns [25]. To address these problems, an efficient 

high gain boost integrated Luo converter is thus proposed in this 

work, which boosts voltage gain while reducing the ripples. 
 

The control method used in this work ensures a consistent 

voltage supply to the converter. Employing PI control proves to 

be an effective and straightforward approach that delivers 

favorable outcomes. [26, 27]. Moreover, PI controller improves 

its viability and efficiency of the converter [28]. When the 

comparator compares actual voltage signal to the reference 

voltage signal, it generates an error signal, which is sent to PI 

controller. It performs voltage regulation and then send 

regulated voltage to PWM generator, which generates suitable 

PWM signals for a power converter. The utilization of 

optimization strategy improves the efficiency of PI controller 

by accelerating the rising time and eliminating steady state 

inaccuracy [29, 30]. Ziegler-Nichol’s method offers a simple 

and quick approach for PI controller tuning, but it is not be 

suitable for all types of systems, particularly those with 

complex dynamics or specific performance requirements. More 

advanced tuning which involves Genetic Algorithms, a 

population-based optimization technique inspired by process of 

natural selection, where potential solutions evolve over 

generations. However, the probabilistic nature makes the 

optimization process complex and results in slow convergence. 

As a result, the proposed work introduces PSO approach which 

optimize the controller's performance and ensure stability and 

accuracy in the control system. [31]. 

Boost integrated Luo converter is used here to optimize the PV 

panel's output voltage. To regulate generated output of the 

converter and to improve its efficiency, a PSO-PI controller is 

utilized, which avoids the PI parameter tuning complexity in a 

wider range. Additionally, battery is incorporated to meet 

power demand during peak hours. The enhanced output voltage, 

which is generated by the proposed converter, is injected into 

grid through a 1ϕ VSI. Before injecting the voltage into the grid, 

it is filtered by using LC filter, which removes the noise and 

distortion in the signal. With an assistance of a conventional PI 

controller, the operational efficiency of the VSI is also 

regulated. 
  

░ 2. PROPOSED SYSTEM METHODOLOGY 
The process of charging an electric vehicle requires a significant 

quantity of electrical energy, which is sufficiently provided by 

the renewable PV system. In the current scenario, the 

integration of PV and battery has become economically feasible 

because of possessing multiple beneficial factors like minimum 

cost of battery systems and the maximum supporting capability. 

When the EVs are clustered in a charging station, a large 

amount of electricity is consumed, which has a significant 

impact on the grid operation. Thus, the integration of RE 

generation with battery is viewed as the optimum solution for 

meeting the energy demand without any interruption. 

 

 
 

Figure 1: Circuit representation of PV module 
 

The PV generates low DC voltage, which is not sufficient for 

operating the grid tied EV charging station and so the generated 

low DC voltage of PV is enhanced by implementing the boost 

integrated Luo Converter. The proposed converter combines the 

operation of both boost and Luo converter to provide a high 

output gain and low duty cycle. Since output of the PV is not 

stable, an improved output voltage of the converter is unsteady, 

which is thus regulated through the implementation of PSO 

tuned PI control approach. The comparison of Vact with Vref is 

carried out and an error is then fed as the input of PSO-PI 

controller, which constantly regulates the converter output with 

the assistance of a PWM generator. Furthermore, batteries are 

incorporated in PV-fed EV stations with grid to store excess 

solar energy during periods of high PV generation. This stored 

energy is utilized during low solar output or at night to charge 

EVs and provide continuous power supply to EV charging 

station. The battery integration improves grid stability, 

enhances the station's energy resilience, and reduces 

dependency on the grid during peak demand periods. The 

regulated DC link voltage is then given to a 1ϕ VSI for 

performing DC to AC conversion in an enhanced manner. The 

operational efficiency of the VSI is maximized with the help of 

the traditional PI controller and so the charge, which is 

delivered to the grid-connected EV based charging station is 

https://www.ijeer.forexjournal.co.in/
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phenomenally regulated. The inverter output is then filtered by 

using the LC filter before injecting it into the grid, which assists 

in eliminating the noise and distortion in the grid signal. The 

contribution of proposed work involves. 
 

• Development of Boost integrated Luo converter for 

enhancing PV voltage, and for mitigation of current 

ripples. 

• PSO-PI controller to ensure consistent voltage supply to 

converter. 

• Adoption of battery to achieve uninterruptable grid 

supply. 
 

Overall, this work contributes to the advancement of power 

electronic systems by proposing and implementing a novel 

hybrid DC-DC converter with enhanced power conditioning 

capabilities for PV applications. 
 

░ 3. MODELLING OF PROPOSED 

SYSTEM  
3.1 PV System 
As the eminence of PV system is significantly maximum in the 

process of power generation, it is given prior importance in this 

section to validate present study with the necessary elements 

and so the single diode archetype of PV is clearly represented 

in figure 2.  It includes the portrayal of the electrical parameters 

like arrays, modules, panels and PV cells for signifying the 

physical features of PV system. The figure indicates that the 

diode D, resistance 𝑅𝑠ℎ and the current source 𝐼𝑝ℎ are linked in 

a parallel manner. In addition, the load is linked in series with 

the resistance 𝑅𝑠𝑒 for generating the load branch whereas this 

branch of load is parallelly linked to with the source end legs of 

PV. Hence, the PV modeling is elaborately portrayed with 

significant illustration of the components. 
 

 
 

Figure 2: Single diode model of PV 
 

The modeling or design of the PV is illustrated through the 

subsequent experiential equation. It begins with the photo 

current design, which is represented as, 
 

 Iph = [ISC + Ki(T − 298)] ∗
λ

1000
                               (1) 

 

Here, the insolation is indicated as 𝜆, operating temperature of 

the module is indicated as  𝑇 , PV’s short circuit current is 

signified as 𝐼𝑆𝐶  and the current temperature coefficient is 

signified as 𝐾𝑖 . The dependence of this photo current model is 

significantly high on both the temperature and insolation. 

To evaluate 𝐼𝑟𝑠  (modules’ saturation current), the subsequent 

equation is used as, 

 Irs =
ISC

e
(

qVOC
NsKAT)

−1

                                     (2) 

 

Here, 𝐼𝑆𝐶  specifies short circuit current, 𝐾  specifies the 

Boltzmann constant (1.3805 × 10−23J/K), 𝑁𝑠  signifies series 

linked cells’ number, 𝑞  signifies the charge of electron, 𝐼 

signifies the Ideal factor and 𝑉𝑂𝐶  signifies an open circuit 

voltage of PV.  
 

The of the module saturation current (𝐼𝑜) is mentioned as,   
 

 Io = Irs [
T

Tr
]

3

e
[

q∗Ego

BK
{

1

Tr
−

1

T
}]

         (3) 

 

Here, the silicon band gap(1.1eV)   is indicated as  𝐸𝑔𝑜 , the 

ideality factor is indicated as A and the reference temperature 0 

The current of PV module (IPV) is represented as, 
 

IPV = Np ∗ Iph − Np ∗ Io [e
[

q∗(VPV+IPVRse)

NsAKT
]

− 1]  (4) 

  

Here, the yield voltage of PV is specified as 𝑉𝑃𝑉 whereas the 

parallel linked panels’ quantity is specified as 𝑁𝑝. 
 

The PV output is then fed as an input of the proposed converter, 

which aids in the process of enhancing the low voltage of PV in 

a wider range. 
 

3.2 Boost Integrated Luo Converter 
The hybrid topology of integrating the boost and Luo converters 

is implemented in this study to maximize the ratio of voltage 

gain and to attain the constant regulation of output voltage in a 

wider range.  Because it is highly capable of maintaining 

consistent input and output currents, this converter's function 

makes a significant contribution to the total system 

performance. The circuit diagram of this converter is 

phenomenally portrayed in figure 3. The boost integrated Luo 

converter is also utilized as a voltage multiplier circuit. It 

achieves this by selectively switching between multiple input 

voltage sources to provide an output voltage. The converter 

operates in a continuous conduction mode (CCM) and 

incorporates a coupled inductor, which enables high voltage 

gain and efficient power conversion. The capacitor and inductor 

at output side of converter acts LC Filter resulting in more stable 

continuous output with reduced voltage ripple and leads to 

better power transfer and utilization. 
 

 
 

Figure 3: Circuit diagram of proposed converter 

https://www.ijeer.forexjournal.co.in/
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This circuit includes Inductors (𝐿1, 𝐿2, 𝐿3, ) diodes (𝐷1 , 𝐷2 ), 

switches ( 𝑆1, 𝑆2 ), and capacitors  (𝐶1, 𝐶2, 𝐶3, ), which are 

significantly linked with the input voltage (Vin) for enhancing 

the voltage in a wider range. Moreover, the output voltage gets 

possibly changed by varying the switch ON time since the 

converter’s output voltage has high dependence over the control 

switch and duty cycle. Hence, the subsequent equation is used 

for computing the output voltage for duty cycle 𝐷 , which is 

expressed as, 
 

V0

Vin
=

1

(1−D)
                                      (5) 

 

Here, the duty cycle is specified as D whereas an output and 

input voltages are specified as 𝑉0 and Vin . Furthermore, both 

the output and input powers are proportional to each other in the 

ideal circuit, which is expressed as, t1 to Ts. Switch S is turned 

off throughout the interval. Cascaded energy from the reactive 

elements 𝐿1 , 𝐿2  and 𝐶2 , as well as the input source VS, is 

transmitted to the load side.    The cascaded discharge of energy 

into the load side produces a massive rise in dc-voltage gain at 

output.   In this case, inductor 𝐿1 supplies current to the inductor 

𝐿2 while simultaneously charging the capacitor 𝐶1. 
 

P0 = Pin ⇒ V0I0 = VinIin       (6) 
 

In this study, the boost converter’s inductor and capacitor values 

are computed through the subsequent equations (7) and (8) as, 
 

L1 =
Vin

fs∆IL1
D        (7) 

 

Here, the ripple in input current is indicated as ∆𝐼𝐿1 whereas the 

switching frequency is indicated as 𝑓𝑠. 
 

C1 =
Iout

fs∆V0
D        (8) 

 

Here, the ripple in output voltage is specified as ∆𝑉0. 
 

The Inductors’ values of Luo converter are specified as follows, 
 

L2 =
DTVin

∇IL2
                         (9) 

 

L3 =
DTVin

∇IL3
                                  (10) 

 

Here, 𝛻𝐼𝐿2 and 𝛻𝐼𝐿3 represent the peak-to-peak current values 

of Inductors  𝐿2 and 𝐿3 . In addition, 𝑇  specifies the Time D 

specifies Duty cycle. The subsequent equations are utilized to 

compute values 𝛻𝐼𝐿2 and 𝛻𝐼𝐿3 as, 
 

∇IL2 =
DTVin

L2
       (11) 

 

∇IL3 =
DTVin

L3
       (12) 

 

The voltage across 𝐶2 is computed as, 
 

VC2 =
D

1−D
Vin       (13) 

 

Here, 𝑉𝑖𝑛  specifies an input voltage and 𝐷  represents duty 

cycle. 
 

The converter operates in different modes, which are 

exponentially described in the following section 
 

3.2.1 Mode 1 

In this state, the inductor current gets increased and the energy 

is stored in 𝐿1 during ON condition of 𝑆1 whereas the energy, 

which is stored in inductor gets delivered to the load during the 

Switch OFF condition.  
 

The voltage through the inductor gets added with 𝑉𝑖𝑛  for 

providing the enhanced voltage to the load when the inductor 

current gets decreased. The converter operation in mode 1 is 

remarkably highlighted in figure 4. 
 

 
Figure 4: Mode 1 Operation 

 

The state equations for the ON state of  𝑆1  are specified as 

follows as, 
 

diL1

dt
=

VL1

L1
        (14) 

 
dV0

dt
=

V0

RC1
        (15) 

 

Furthermore, the state equations for the OFF state of  𝑆1  are 

expressed as follows as, 
 

𝑑𝑖𝐿1

𝑑𝑡
=

𝑉𝐿1

𝐿1
−

𝑉0

𝐿1
        (16) 

 
dV0

dt
=

iL1

C
−

V0

C1R
        (17) 

 

 As a result, the functioning of the converter in this mode is 

extremely important in the process of increasing the output 

voltage. 

 

3.2.2 Mode 2 

In this state, the Inductor 𝐿2  gets charged by 𝑉𝑖𝑛  whereas 

Inductor  𝐿3 gets the energy from 𝐶2 and source during the ON 

condition of 𝑆2 . Meanwhile, 𝐶3  supplies the voltage to load. 

Similarly, the current, which is drawn from the source, gets 

turned as zero in the OFF state of  S2.  
 

In order to charge 𝐶2, the current (𝐼𝐿2) passes through the diode 

𝐷2 whereas 𝐼𝐿3  passes through Diode 𝐷2 capacitor 𝐶3 and 

resistance 𝑅 for the constant current flow of 𝐼𝐿3. The converter 

operation in mode 2 is clearly portrayed in figure 5. 

 

 

https://www.ijeer.forexjournal.co.in/
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Figure 5: Mode 2 Operation 
 

The capacitor 𝐶2 is charged by 𝐼𝐿3 in the OFF state of 𝑆2 and 

discharged by 𝐼𝐿2 in the ON state of S2, which is expressed as, 
 

∇VC2 =
1−D

C2
 TI2                                (18) 

 

From the aforementioned equation, the value of C2 is computed 

as, 
 

C2 =
1−D

∇VC2
 TI2                   (19) 

 

The output of this converter is controlled by a PWM generators 

and the PSO aided PI control system. 
 

░ 4. PSO-PI CONTROLLER 
As the PSO is capable of generating the optimal outcomes, it is 

preferably used in the process of tuning the PI variables 

of  Kp and Ki , which is regarded as the prime function of 

controlling the converter output. In addition, the contribution of 

this PSO algorithm is significantly high in the process of 

minimizing both the issues of steady state error and peak 

overshoot. Moreover, the operating principles of this PSO are 

highly dependable on the flocks of birds and shoals of fish in 

accordance with the fitness function and problem constraints. 
 

The process of eliminating the THD and error is magnificently 

accomplished by determining the objective function of 

searching area. In general, eight different parameters of 

decoupled PI controllers like 𝐾𝑝
𝑣 , 𝐾𝑖

𝑣, 𝐾𝑝
𝑄, 𝐾𝑖

𝑄 , 𝐾𝑝
𝑑, 𝐾𝑖

𝑑, 𝐾𝑝
𝑞

, 𝐾𝑖
𝑞
 

are categorized as the problem constraints of PV integrated grid 

system. 
 

The particles in this approach moves in search of the best 

outcome at each iteration that continues till the best outcome is 

found, which is greater than the previous one. The velocity of 

𝑖𝑡ℎ particle of swarm in the search space vector is specified 

as 𝑉𝑖 = [𝑉𝑖1, 𝑉𝑖2, . . . , 𝑉𝑖𝐷], the position of the search space vector 

is specified as 𝑋𝑖 = [𝑋𝑖1, 𝑋𝑖2, . . . , 𝑋𝑖𝐷]and, the 𝑖𝑡ℎ particle for 

previous best outcome is specified as 𝑃𝑖 = [𝑃𝑖1, 𝑃𝑖2 , . . . , 𝑃𝑖𝐷] as 

well as the global best outcome is specified as  𝑃𝑔 =

[𝑃𝑔1, 𝑃𝑔2, . . . , 𝑃𝑔𝐷]. The updated location along with velocity of 

each particle are stated as follows for next iteration, 
 

Vi
n+1 = ωVi

n + C1r1(Pi
n − Xi

n) + C2r2(Pg
n − Xg

n)            (20) 

 

Xi
n+1 = Xi

n + Vi
n+1         (21) 

 

Where (𝑖 = 1,2, … . . , m), weight of inertia is specified as  ω, 

number of iterations is specified as n, social rate is specified 

as C1, cognitive rate is specified as 𝐶2, 𝑟1 and 𝑟2 specifies the 

random intervals of (0,1). 
 

The following are the steps that compose PSO: 
 

Step 𝟏: Initialize the parameters 

like  𝑁, 𝐿𝐵, 𝑈𝐵, 𝐼, 𝐶1, 𝐶2, 𝑉, 𝑤, 𝑁𝑉. From these parameters, 

population number is specified as N, lower bound is specified 

as LB, upper bound is specified as 𝑈𝐵, maximum iteration 

number is specified as  𝐼, weight coefficients are specified 

as 𝐶1, 𝐶2, velocity is specified as 𝑉, inertia constant is specified 

as w and variable number is specified as 𝑁𝑉. 
 

Step 𝟐: Set the constraints of upper and lower limits. Here, the 

former is set as (𝑙1, 𝑙2, 𝑙3, 𝑙4, 𝑙5, 𝑙6, 𝑙7, 𝑙8) whereas the latter is set 

as  (𝑢1, 𝑢2, 𝑢3, 𝑢4, 𝑢5, 𝑢6, 𝑢7, 𝑢8)  for performing the further 

operations. 
 

Step 3: The variables of PI are defined 

as  𝐾𝑝
𝑣, 𝐾𝑖

𝑣 , 𝐾𝑝
𝑄, 𝐾𝑖

𝑄, 𝐾𝑝
𝑑, 𝐾𝑖

𝑑 , 𝐾𝑝
𝑞

, 𝐾𝑖
𝑞

. In accordance with the 

elements like number of both the population N and variable NV, 

the swarms are initialized as zero. 
 

Swarm = zeros [

X1,1 X1,2 ⋯ X1,NV

X2,1 X2,2 ⋯ X2,NV

⋮ ⋮ ⋱ ⋮
XN,1 XN,2 ⋯ XN,NV

]                       (22) 

 

Step 4: The generated swarm populace is equivalent to NV ∗ N 

matrix, which is specified as, 
 

Xi,j = round ((LBi + UBi) ∗ (UBj − LBj))                    (23) 

 

Where 𝑖 = 1,2, … , N, j = 1,2, … NV 
 

In a population vector, the initialization value is signified as, 

Swarm = [

X1,1 X1,2 ⋯ X1,NV

X2,1 X2,2 ⋯ X2,NV

⋮ ⋮ ⋱ ⋮
XN,1 XN,2 ⋯ XN,NV

]                          (24) 

 

Step 5: The generated particle of novel swarm is enhanced and 

it stores the best experience of  Pbest  along with  Gbest  in its 

memory. The swarm’s updated velocity is thus mentioned as, 
 

Vi,j
i+1 = ωVi,j

t + C1rand[0,1]X (Pbesti,j
t − Xi,j

t ) +

C2rand[0,1]X (Gbesti,j
t − Xi,j

t )                  (25) 

 

The swarm’s updated location is specified as,  
 

Xi,j
t+1 = Vi,j

t+1 + Xi,j
t                                    (26) 

 

Step 6: The fitness function is established; the novel vector is 

improved in accordance with the rule; the  Gbest  along with  

Pbest are updated. 
 

https://www.ijeer.forexjournal.co.in/
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If fitness(Xi,j
t+1) < fitness (Pbesti,j

t )  then, 

 

Pbesti,j
t = Xi,j

t+1                                             (27) 

 

End 
 

If fitness (Pbesti,j
t ) < fitness(Gbest) then, 

 

Gbest = Pbesti,j
t          (28) 

 

Step 7: If the iteration number is exceeded to the maximum 

level, end the program or repeat steps  5 & 6 . The Flow 

representation of PSO-PI controller is remarkably illustrated in 

figure 6. 

 

 
 

Figure 6: Flow representation of PSO-PI controller 
 

The PSO-PI controller’s trial and error process is highly time 

consuming. Thus, the instigation of this approach provides best 

optimal Kp and Ki values with fast response. 
 

The regulated converter output is then given as the input of a 

1ϕ VSI, which assists in the processes of DC-AC conversion to 

synchronize the grid voltage in a significant manner. 

Furthermore, the inverter output is constantly regulated by 

employing the PI controller and the distortions or noises in the 

output voltage are eliminated with the aid of LC filter before 

injecting it into the grid. 

░ 5. RESULTS AND DISCUSSION 
This study highlights the implementation of Boost integrated 

Luo converter with PSO-PI controller in the grid-tied EV 

application, in which the proposed Boost-Luo converter utilities 

in the process of enhancing output voltage of PV as it owns 

plenty of beneficial impacts whereas the PSO-PI controller 

assist in effectively controlling the converter output without any 

fluctuations. In addition, the converter enhances efficiency and 

reduces the control complexity. The analytical waveforms are 

derived for continuous and discontinuous modes of operations. 

The analysis of dc-voltage gain and boundary conditions are 

conferred, a 1ϕ VSI is employed to compensate or synchronize 

the grid voltage through the conversion of DC into AC voltage 

and output of converter is regulated through the conventional PI 

controller. The complete research is reviewed in MATLAB 

Simulink, and the outcomes are fully presented in the following 

subsection. The converter and PV panel Specifications are listed 

out in table 1. 
 

░ Table 1: PV panel and Boost-Luo converter specifications 
 

Parameters Ratings 

Operating Voltage 16.8V 

No. of series cells 36 

Maximum Voltage 1000V 

No. of panels 10 

Temperature Range −40 to + 85℃ 

Operating Current 5.8A 

Converter Ratings 

Diodes MCD95 

L1, L2, L3 0.576mH 

C1, C2, C3 300μF 

Switching Frequency 20KHZ 

Input AC voltage 170V − 230V 

 

 
 

Figure 7: Output voltage and Current Waveforms of PV 
 

The voltage and current outputs of the PV array are remarkably 

portrayed through the waveforms in figure 7 (a) and (b), 

through which it is highlighted that the PV delivers the voltage 

of 30.2V as output. Moreover, the raise in the current during the 

initial stage is maintained after the period of 0.3sec. The reason 

for increase in current output at initial stage of a PV system is 

attributed to the sudden exposure of solar panels to sunlight, 

resulting in a rapid rise in solar irradiance. As a result, the PV 

panels generate more current in response to the increased 

sunlight intensity. 
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Figure 8: Output voltage and Current Waveforms of Boost-Luo 

converter 

 

The waveforms indicating voltage and current outputs of 

proposed converter are evidently illustrated in figure 8 (a) and 

(b), which validates that voltage is highly boosted by the Boost-

Luo converter because it delivers the voltage of  3 40V . As 

depicted in figure 8 (b), the oscillation in the output current is 

settled after the time of 0.3sec. 

 

 
 

Figure 9: Waveform of converter output voltage using PSO-PI 

Controller 
 

The fluctuations in converter’s output voltage are remarkably 

eliminated it is constantly retained by the PSO-PI controller as 

portrayed in figure 9, which proves that the converter delivers 

the constant output without any fluctuations. 

 

 
Figure 10: Grid Voltage and Current Waveforms 

 

The waveforms demonstrating voltage and current of grid are 

significantly shown in figure 10 (a) and (b), through which it is 

noticeable that the grid voltage ranges from -200V to 200V 

whereas the currents get constantly retained after 0.1sec. 
 

 
Figure 11: Waveforms of Real and Reactive Powers 

The representation of real and complex power waveforms is 

demonstrated in figure 11 (a) and (b), which validates that the 

real power gets decreased in the initial period but it settles at 

500V after the time of 0.1sce. Furthermore, it is witnessed from 

figure 11 (b) that reactive power is settled at zero after 0.1 sec. 
The initial reduction in real power is due to startup transients. 

After 0.1 seconds, the system reaches a stable state, and power 

levels settle down, likely due to the effectiveness of PI control 

strategy in maintaining the desired power output. 

 

Converter Efficiency: 

A converter's efficiency is defined as the ratio of output power 

to input power.  It is typically calculated using the formula: 
 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  (
𝑂𝑢𝑡𝑝𝑢𝑡 𝑃𝑜𝑤𝑒𝑟

𝐼𝑛𝑝𝑢𝑡 𝑃𝑜𝑤𝑒𝑟
) ∗  100%          (29) 

 

░ Table 2: Comparison of converters 
 

Converter

s 

Total No. of Components Efficienc

y (%) Diode

s 

Switche

s 

inductor

s 

Capacitor

s 

Boost [32] 1 1 1 1 80 

SEPIC 

[33] 

1 1 2 3 88.82 

Luo [34] 2 1 1 2 90 

Cuk [35] 1 1 2 2 85 

Boost-Luo 1 2 3 3 92 

 

░ Table 3: Comparison of settling time 
 

Control approaches Settling time (s) 

PI [36] 0.4 

Fuzzy [37] 0.38 

PSO-PI 0.1 

 

The comparison of Boost integrated Luo converter with existing 

topologies is presented in table 2 whereas the comparison of the 

dynamic response of PSO-PI with conventional PI and Fuzzy 

controllers is listed in table 3. PSO-PI's superior dynamic 

response is due to the ability to adapt and fine-tune control 

parameters based on real-time optimization, leading to faster 

and more accurate responses compared to traditional PI or 

Fuzzy controllers with fixed gains. On comparing, the proposed 

converter generates an efficiency of 92% while the PSO-PI 

control aids in generating a settling time of 0.1s. 
 

░ 6. CONCLUSION 

The present study exemplifies the significance of Boost 

integrated Luo converter in the grid linked EV charging station 

with prior analysis, which signifies that the role of this proposed 

converter is extremely high in the overall operation of the 

system because it owns multiple merits like maximum gain ratio 

and efficiency of 92%. The enhanced converter output is 

constantly regulated by implementing the PSO assisted PI 

controller, that involves in eliminating the fluctuations or 

distortions in the converter output. The integration of battery 

offers uninterrupted power supply to grid. The converter output 

is injected to a 1ϕ VSI for compensating the grid voltage 

whereas the conventional PI controller is employed for 
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regulating the inverter output as constant. PI controller 

continuously monitors the error between grid voltage and VSI 

output voltage, and based on the error, it adjusts the inverter's 

control signals, enabling precise synchronization with the grid 

and efficient power transfer. The outcomes have validated that 

this approach delivers optimal performance with plenty of 

beneficial impacts. This method provides improved dynamic 

response with reduced settling time of 0.1s. 
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