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This research presents a hybrid renewable energy-based Electric Vehicle (EV) charging 

system. A photovoltaic (PV) array is interfaced with a High-Gain Interleaved Boost (HGIB) 

converter to step up the PV voltage to the required DC bus level. A Flying Squirrel 

Optimized Artificial Neural Network (FSO-ANN) is employed for Maximum Power Point 

Tracking (MPPT), ensuring accurate power extraction under varying environmental 

conditions. Concurrently, a Doubly Fed Induction Generator (DFIG) provides 

supplementary power to the DC bus through a PWM rectifier. Energy exchange between 

the DC bus and EV battery is managed by a bidirectional buck-boost converter, supporting 

both charging and discharging operations. MATLAB/Simulink simulation results 

demonstrate that the proposed system improves grid stability, achieving an efficiency of 

95.23%. This approach establishes a robust framework for future EV charging 

infrastructure, promoting the adoption of environmentally friendly electric vehicles. 

 

1. INTRODUCTION 

Electric Vehicles (EVs) offer numerous socioeconomic 

and environmental benefits, motivating governments 

worldwide to transition traditional transportation 

systems toward greener alternatives. Although EVs do 

not directly consume fossil fuels, their reliance on 

electricity from fossil fuel-based grids indirectly 

contributes to fossil fuel usage [1]. To address this issue, 

researchers are exploring cost-effective and 

environmentally friendly renewable energy sources to 

bridge the gap between electricity supply and demand. 

Rising environmental and economic constraints have 

accelerated the adoption of renewable energy systems 

(RES) such as solar, wind, and fuel cells, promoting 

distributed generation and energy conservation [2]. 
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A widely studied approach is the integration of 

renewable energy, particularly photovoltaic (PV) and 

wind energy, to meet the growing electricity demand for 

EV charging [3]. While solar panels generate power 

primarily during daylight hours, wind turbines can 

produce electricity continuously, providing a reliable 

complement to solar energy [4]. Combining multiple 

renewable sources ensures a more stable and 

dependable energy supply. Additionally, surplus energy 

generated during peak production periods can be stored 

in battery systems, guaranteeing a continuous power 

source for EV charging even when generation is low [5]. 

However, the inherent variability and intermittency of 

renewable energy pose challenges, potentially reducing 

system reliability and security when integrated for EV 

charging applications [6, 7]. 

The Double Boost Converter is utilized in grid, 

electric vehicle and renewable energy applications. The 

primary goal this converter is to increase the output 

voltage by four times while using the lowest 

components. Additionally, due to higher conduction and 

switching losses, the converter often experiences 

decreased efficiency at high load conditions [8]. In terms 

of voltage stress and gain, a high gain quadratic boost 

converter [9] has demonstrated promising superiority. 

However, because of the larger load currents, efficiency 

decreases as duty cycle increases.  

A Z-source converter [10] maintains low voltage 

strains on the switch and diode while achieving a larger 

voltage gain at the similar duty ratio. However, the 

efficiency is comparatively low because of the higher 

current root mean square value and larger current 

ripple. To generate a maximum voltage suitable for DC 

micro grid and EV charging systems, the modified 

SEPIC converter [11] combines a coupled inductor with a 

voltage boosting section. Nevertheless, it incorporates 

additional components, including many switches and 

inductors, which increases the component failure. 

 Then, the interleaved boost converter [12] has 

reduced current ripple and minimized current pressure. 

Nevertheless, it has high component stress due to its 

increased components. The high step‐up converter [13] 

has the ability to boost voltage levels, allowing 

compatibility with high-voltage devices and grid 

systems. Nevertheless, it affected from reduced efficacy 

because of switching losses and electromagnetic 

interference, especially under heavy load conditions. 

Therefore, the High-Gain Interleaved Boost converter is 

developed to improve the voltage. Subsequently, the PV 

array voltage is modified to match the highest output 

power.   

The conventional MPPT algorithm comprises 

Perturb and Observe [14], Incremental Conductance [15] 

and Hill Climbing [16] approaches. However, that 

methods has unpredictability and poor tracking 

performance during fluctuating weather and cause 

inefficiencies due to constant perturbations but its 

performance is improved by the optimization algorithm 

[17] are Ant colony optimization [18], Genetic algorithm 

[19], Salp Swarm [20], Cat swarm [21] and cuckoo search 

[22]. However, that approaches has get stuck in local 

optima, converge prematurely to suboptimal solutions, 

suffer from slow convergence, difficult parameter tuning 

and low performance. Thus, the Flying Squirrel 

Optimized ANN-MPPT controller is exploited to track 

the highest power from PV system. The main objectives 

are,  

▪ The HGIB Converter is developed to improve the 

voltage level of PV system that is appropriate for 

interaction with grid and batteries. 

▪ The ANN-MPPT controller is employed for tracking 

the maximum power from PV system and its 

parameters are fine-tuned by FSO algorithm. 

▪ The DFIG-WECS is developed for providing the 

energy supply to charge the electric vehicles.  

▪ The battery system is exploited for storing the excess 

energy from HRES system and bidirectional 

buck-boost converter facilitate both discharging and 

charging functions of the battery.    

II. PROPOSED METHODOLOGY  

The block diagram for HRES based EV charging 

station is represented in Figure 1. In the beginning, the 

low voltage of PV system is improved with the aid of 

HGIB converter. Then, the highest power of PV system is 

tracked by exploiting an ANN-MPPT controller and its 

parameters are fine-tuned by a FSO algorithm. 

Subsequently, the PWM generator produce PWM pulses 

for managing the switching operation of the developed 

converter. Meanwhile, the AC output of DFIG-WECS is 

transformed into DC power with the assistance of PWM 

rectifier.  A PI controller sustains the reference voltage 

by comparing it with actual voltage from the DFIG and 
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resulting signal is exploited by a PWM generator to 

regulate the rectifier operation. 

 
Figure 1 Block diagram of PV-DFIG system  

Furthermore, the battery is utilized to store the 

excess energy from HRES and its discharging and 

charging operation is carried out by bidirectional 

buck-boost converter. Here, the PI controller is used to 

manage the function of a battery voltage and current 

with respect to their reference values to sustain the 

proper energy flow. Thus, the DC power is delivered to 

the 3𝜙 VSI, which transforms the DC-AC power and LC 

filter assures the reduced harmonics power is supplied 

to the 3𝜙 grid. It provides a robust solution for grid and 

EV charging stations.    

A) PV SYSTEM  

Solar modules are the collection of PV cells and 

the modules in parallel and series manner creates an 

array.  It has the diode (𝐷), current source (𝐼𝑃ℎ), shunt 

resistor (𝑅𝑆ℎ) and series resistor (𝑅𝑆𝑒).  Figure 2 reveals 

the circuit of PV system.    

 
Figure 2 Circuit of PV system  

The output current of a PV system is, 

𝐼𝑂𝑢𝑡 = 𝐼𝑃ℎ − 𝐼𝐷 − 𝐼𝑆ℎ        (1) 

𝐼𝑂𝑢𝑡 = 𝐼𝑃ℎ − 𝐼𝑆 [𝑒
𝑉𝑂𝑢𝑡+𝐼𝑂𝑢𝑡𝑅𝑆𝑒

𝑛𝑉𝑡
−1] −

𝑉𝑂𝑢𝑡+𝐼𝑂𝑢𝑡𝑅𝑆𝑒

𝑅𝑆ℎ
    (2) 

An output power from the PV system is 

relational to the irradiance level that is exposed to 

variation at every time and is improved by a developed 

converter.  

B) HGIB CONVERTER  

A HGIB converter enhances the voltage to a 

maximum level, as seen in Figure 3. The switching 

waveform of this converter is displayed in Figure 4.   

 
Figure 3 Structure of HGIB converter 

Mode 1  

When 𝑆 is active, 𝑉𝑃𝑉  is supplies the power to 

charge 𝐿1 and𝐿2. Here, 𝐷1 is conducting that enables the 

current flow via 𝐿2 and 𝐶2, leads to charging of 𝐶2. Since, 

𝐷0  is inactive and 𝐶0 powers the load, as revealed in 

Figure 5(a).  

 
Figure 4 Switching waveform of HGIB converter 

Mode 2  

This stage is initiated when 𝑆 is inactive, 𝐿1 

and 𝐿2discharge their stowed energy that is transformed 

towards output side. 𝐷0 becomes forward biased, 

enabling the current to flow and deliver energy from 𝐿2 

and 𝐶2 to𝐶0 and load, as presented in Figure 5(b). 

By applying KVL in stage 1,  

𝑉𝐿1 = 𝑉𝑃𝑉         (3) 

𝑉𝐿2 = 𝑉𝑃𝑉 − 𝑉𝐶1        (4) 
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𝑉𝐶2 = 𝑉𝐶1         (5) 

𝑉0 = 𝑉𝐶0         (6) 

 

 
Figure 5 Modes of HGIB converter (a) Stage 1 (b) Stage 2  

By applying KVL in stage 2,  

𝑉𝐿1 = 𝑉𝑃𝑉 − 𝑉𝐶1        (7) 

𝑉𝐿2 = 𝑉𝐶1 − 𝑉𝐶2        (8) 

𝑉0 = 𝑉𝐶1 + 𝑉𝐶2        (9) 

𝑉𝐶1 = 𝑉𝐶2         (10) 

   𝑉0 = 2𝑉𝐶1            (11)  

By applying Volt-second balance law,  

𝛿𝑉𝑃𝑉 + (1 − 𝛿)(𝑉𝑃𝑉 − 𝑉𝐶1) = 0      (12) 

𝑉𝐶1 =
𝑉𝑃𝑉

1−𝛿
         (13) 

𝑉0 = 2𝑉𝐶1 − 𝛿𝑉𝐶1           (14)  
𝑉0

𝑉𝑃𝑉
=

2−𝛿

(1−𝛿)2            (15)  

Thus, the converter enhances the voltage of PV 

system and its performance is improved by the 

ANN-MPPT controller with FSO algorithm is utilized 

that is discussed in the upcoming section.    

C)  FLYING SQUIRREL OPTIMIZED ANN-MPPT 

CONTROLLER  

An ANN-MPPT algorithm is utilized to 

dynamically modify the PV 's operating point in order to 

maximize power extraction under a variable conditions. 

The weights in each layer of the neural network are 

changed during training until the intended results are 

obtained. The MSE is,                 

𝐹 =
1

𝑁
∑ [𝑡𝑖 − 𝑎𝑖]

2𝑁
𝑖=1         (16) 

Where, the present output is denoted by  𝑎𝑖 and target is 

𝑡𝑖 .   

 
Figure 6 Flowchart of FSO based ANN-MPPT controller  

In the ANN-MPPT controller, the parameters 

that affect its performance are weights, biases and 

predicted duty ratio of the developed converter. In the 

initialization phase, each squirrel is assigned a unique 

position according to the duty ratio,      

𝑑𝑖 = 𝑑𝑚𝑛 +
(𝑖−1)[𝑑𝑚𝑥−𝑑𝑚𝑛]

𝑁𝑓𝑠
; 𝑖 = 1,2, ⋯ , 𝑁𝑓𝑠     (17) 

Where, the maximum and minimum values of 

converter duty ratio are indicated by 𝑑𝑚𝑥 and 𝑑𝑚𝑛 . The 

constraint limits on duty ratio are,   

0 < 𝑑𝑖 < 0.5          (18) 

In the fitness evaluation phase, each squirrel’s 

current position corresponds to a particular duty ratio 

that is applied to the converter. The fitness function is,  

𝑓(𝑑) = 𝑚𝑎𝑥𝑃𝑃𝑉(𝑑)        (19)  

In the declaration and sorting phase, once the 

fitness values for all flying squirrels are evaluated, the 

duty ratio that generates the maximum output power is 

declared as the position of hickory tree, which indicates 

the global best solution and becomes the main target of 
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all other flying squirrel to glide toward in future 

iterations. The next best duty ratio that gives the second 

highest output power is classified as the acorn tree that 

served as a local best, which aids to promote diversity in 

exploration. The remaining flying squirrels are located 

on normal tree, which indicate suboptimal regions of the 

search space. In the position update phase, the duty 

cycle associated with each flying squirrel is updated 

based on seasonal monitoring. The seasonal monitoring 

condition is introduced to prevent the algorithm from 

getting trapped in local maximum power points during 

the optimization of ANN-MPPT controller. It mimics the 

real world seasonal adaptation and assures a balance 

among exploration and exploitation.     

𝑆𝐾
𝐶 = |𝑑𝑎𝑡

𝑘 − 𝑑ℎ𝑡|        (20) 

The minimum seasonal threshold is,  

𝑆𝑚𝑖𝑛 =
10𝑒−6

(365)𝑘 (𝑘𝑚 2.5⁄ )⁄
        (21) 

Where, the maximum number of iterations are 

𝑘𝑚 and current iteration number is 𝑘. If  𝑆𝐾
𝐶 < 𝑆𝑚𝑖𝑛,  duty 

ratios of flying squirrels on normal trees are updated 

using Levy flight based exploration that introduces long 

jumps to escape local optima.  

𝑑𝑛𝑡
𝑘+1 = 𝑑𝑛𝑡

𝑘 + 𝑠        (22) 

Where, 𝑠 is the step length derived from Levy 

distribution that is given by,  

𝑠 ≈ 𝑘 (
𝑢

|𝑣|
1
𝛽

) (𝑑ℎ𝑡 − 𝑑𝑛𝑡)       (23) 

The random variables are,  

𝑢 ≈ 𝑁(0, 𝜎𝑢
2)         (24) 

   𝑢 ≈ 𝑁(0, 𝜎𝑣
2)           (25)  

The standard deviation are computed by, 

𝜎𝑢 = (
Γ(1+𝛽)𝑠𝑖𝑛(𝜋𝛽 2⁄ )

Γ(
(1+𝛽)

2
)𝛽(2)

(
𝛽−1

2 )
)

1

𝛽

       (26) 

𝜎𝑣 = 1          (27) 

Γ(𝑛) = (𝑛 − 1)!          (28)  

It assures the random yet directed exploration 

around the 𝑑ℎ𝑡 pushing the flying squirrels toward the 

most promising regions of search space. In the routine 

update phase, the positional update strategy is applied 

to refine the duty ratio value associated with each 

squirrel based on its tree classification. The squirrel in 

the acorn tree performs a directed glide toward the 

hickory tree by,  

𝑑𝑎𝑡
𝑘+1 = 𝑑𝑎𝑡

𝑘 + 𝑔𝑑𝐺𝑐(𝑑ℎ𝑡
𝑘 − 𝑑𝑎𝑡

𝑘 )      (29) 

𝑑𝑛𝑡
𝑘+1 = 𝑑𝑛𝑡

𝑘 + 𝑔𝑑𝐺𝑐(𝑑ℎ𝑡
𝑘 − 𝑑𝑛𝑡

𝑘 )      (30) 

𝑑𝑛𝑡
𝑘+1 = 𝑑𝑛𝑡

𝑘 + 𝑔𝑑𝐺𝑐(𝑑𝑎𝑡
𝑘 − 𝑑𝑛𝑡

𝑘 )         (31)  

Where, the gliding constant is denoted as 𝐺𝑐  

and gliding distance is 𝑔𝑑. This hierarchical movement 

assures both exploitation of the best known solutions 

and diversification via alternate gliding paths. The 

gliding distance is, 

𝑔𝑑 =
ℎ𝑔

𝑠𝑓𝑡𝑎𝑛Φ
           (32)  

𝑡𝑎𝑛Φ =
𝐹𝐷

𝐹𝐿
           (33)  

Where, the lift force and drag force is 𝐹𝐿 and 𝐹𝐷 ,  

height loss is ℎ𝑔 and scaling factor is 𝑠𝑓 .  

𝐹𝐷 =
1

2
𝜌𝑉2𝑆𝐶𝐷              (34)   

𝐹𝐿 =
1

2
𝜌𝑉2𝑆𝐶𝐿               (35)  

In the convergence determination phase, the 

process is terminated based on 2 conditions. First, if the 

variation in the all flying squirrel’s position becomes 

lesser than a predefined threshold. Second, the algorithm 

also terminated if the highest iterations are got. In the 

re-initialization phase, a variation in solar power triggers 

a restart of optimization process.  

𝑃𝑃𝑉
𝐾+1−𝑃𝑃𝑉

𝐾

𝑃𝑃𝑉
𝐾+1 ≥ ∆𝑃(%)        (36) 

It enables to adaptively search for a new MPP 

assuring the ANN-MPPT controller remains efficient. 

Here, the MPPT controller not only optimizes the duty 

ratio but also maintains high tracking accuracy over a 

wide range of solar input variations. The efficacy of the 

system is improved by another RES (DFIG) is utilized in 

this research. 

D) DFIG-WECS  

The purpose of DFIG is to produce electrical 

energy, as it transforms the energy from the wind power 

into electrical energy.  In the 𝑑 − 𝑞 frame, the electrical 

equation is,     

𝑉𝑑𝑟 = 𝑅𝑟𝐼𝑑𝑟 − (𝑤𝑠 − 𝑤𝑟)Ψ𝑞𝑟 +
𝑑Ψ𝑑𝑟

𝑑𝑡
      (37) 

𝑉𝑞𝑟 = 𝑅𝑟𝐼𝑞𝑟 + (𝑤𝑠 − 𝑤𝑟)Ψ𝑑𝑟 +
𝑑Ψ𝑞𝑟

𝑑𝑡
      (38) 

𝑉𝑞𝑠 = 𝑅𝑠𝐼𝑞𝑠 + 𝑤𝑠Ψ𝑑𝑠 +
𝑑Ψ𝑞𝑠

𝑑𝑡
       (39) 

𝑉𝑑𝑠 = 𝑅𝑠𝐼𝑑𝑠 − 𝑤𝑠Ψ𝑞𝑠 +
𝑑Ψ𝑠𝑑

𝑑𝑡
       (40) 

Where, the rotor and stator resistance are 𝑅𝑟 and 

𝑅𝑠, angular frequencies of stator and rotor are 𝑤𝑠 and 𝑤𝑟 .  

Ψ𝑑𝑟 = 𝐿𝑟𝐼𝑑𝑟 + 𝑀𝐼𝑑𝑠           (41) 

    Ψ𝑞𝑟 = 𝑀𝐼𝑞𝑠 + 𝐿𝑟𝐼𝑞𝑟          (42)  

        Ψ𝑞𝑠 = 𝑀𝐼𝑞𝑟 + 𝐿𝑠𝐼𝑞𝑠                (43)  

       Ψ𝑑𝑠 = 𝐿𝑠𝐼𝑑𝑠 + 𝑀𝐼𝑑𝑟                (44)   

The rotor and stator inductances are denoted by 𝐿𝑟 and 

𝐿𝑠 and magnetizing inductance is 𝑀. 
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𝑄𝑠 = 1.5 × (−𝐼𝑞𝑠 × 𝑉𝑑𝑠 + 𝑉𝑞𝑠 × 𝐼𝑞𝑠)      (45) 

𝑃𝑠 = 1.5 × (𝑉𝑞𝑠 × 𝐼𝑞𝑠 + 𝐼𝑑𝑠 × 𝑉𝑑𝑠)      (46) 

𝑉𝑞𝑠 = 𝑉𝑠 = 𝑤𝑠. Ψ𝑠        (47) 

𝑉𝑑𝑠 =
𝑑Ψ𝑑𝑠

𝑑𝑡
= 0        (48) 

𝑄𝑠 = −1.5 (
𝜔𝑠Ψ𝑠𝑀

𝐿𝑠
𝐼𝑑𝑟 −

𝜔𝑠𝜓𝑠
2

𝐿𝑠
)      (49) 

𝑃𝑠 = −1.5
V𝑠𝑀

𝐿𝑠
𝐼𝑞𝑟         (50) 

The expressions for rotor voltage are,  

𝑉𝑞𝑟 = 𝑅𝑑𝑟𝐼𝑞𝑟 + 𝜎. 𝐿𝑟
𝑑I𝑞𝑟

𝑑𝑡
+ 𝜎𝑔𝑤𝑟𝐿𝑟𝐼𝑑𝑟 + 𝑤𝑟𝑔

𝑀.Ψ𝑠

𝐿𝑠
   

 (51) 

𝑉𝑑𝑟 = 𝑅𝑑𝑟𝐼𝑑𝑟 − 𝜎𝑔𝑤𝑟𝐿𝑟𝐼𝑞𝑟 + 𝜎. 𝐿𝑟
𝑑I𝑑𝑟

𝑑𝑡
     (52) 

𝜎 = 1 −
𝑀2

𝐿𝑠𝐿𝑟
          (53) 

Furthermore, the batery system is used for storing the 

excess energy from HRES.  

E) BATTERY  

When the RES are unavailable or the system is 

under peak load, the battery bank that is accessible in 

EVCS offers the energy. During the charging process, the 

surplus energy produced is kept in the battery. The 

charging process of the battery is,   

𝐸𝐵𝑎𝑡(𝑡) = (1 − 𝜎) × 𝐸𝐵𝑎𝑡(𝑡 − 1)

+ (𝐸𝐺(𝑡) − 𝐸𝐿(𝑡) 𝜂𝑐𝑜𝑛𝑣⁄ ) × 𝜂𝐶𝐶 × 𝜂𝑟𝑏𝑎𝑡 

Where, the converter’s efficiency is 𝜂𝑐𝑜𝑛𝑣 , 

battery’s round trip efficiency is 𝜂𝑟𝑏𝑎𝑡 , charge controller’s 

efficiency is 𝜂𝐶𝐶 , generated energy is 𝐸𝐺 , electrical load 

demand is 𝐸𝐿 and battery’s energy levels are 𝐸𝐵𝑎𝑡(𝑡) and 

𝐸𝐵𝑎𝑡(𝑡 − 1).   

𝐸𝐺(𝑡) = [𝐸𝐷𝐶(𝑡) + 𝐸𝐴𝐶(𝑡)] × 𝜂𝑐𝑜𝑛𝑣     (54) 

The generated DC energy is,  

𝐸𝐷𝐶(𝑡) = 𝐸𝑃𝑣(𝑡) + 𝐸𝑊𝑇(𝑡)      (55) 

Produced AC energy is,  

𝐸𝐴𝐶 (𝑡) = 𝐸𝐵𝑀𝐺(𝑡)       (56) 

The electrical energy produced by RES during 

the discharge process is less than the load that the 

battery bank and is given as,   

𝐸𝐵𝑎𝑡(𝑡) = (1 − 𝜎) × 𝐸𝐵𝑎𝑡(𝑡 − 1) +

(𝐸𝐺(𝑡) − 𝐸𝐿(𝑡) 𝜂𝑐𝑜𝑛𝑣⁄ ) − 𝐸𝐺(𝑡) 𝜂𝑟𝑏𝑎𝑡⁄  (57)  

 

III. RESULT AND DISCUSSIONS  

This section analyses the outcomes of HRES 

based EV charging station in MATLAB/Simulink tool 

and analysis of traditional approaches are also provided. 

The Specification of parameters is indicated in Table 1. 

 

 

 

Table 1 Specification of parameters 

Parameters Specification 

PV system 

Total Power  15KW 

Current (Short circuit) 8.95 A 

Maximum Peak Voltage   29.95 𝑉 

Panel’s peak power  250 W  

Voltage (Open circuit) 37.25V  

Maximum Peak Current  8.35 𝐴  

Series connected cells 6 

Number of cells in shunt 

connection, 𝑁𝑃  

10 

DFIG 

Power 10 𝑘𝑊 

Number of Turbine 4 

Voltage 600 𝑉 

High-Gain Interleaved Boost converter  

𝐶1, 𝐶2 22 𝜇𝐹 

𝐶0 2200 𝜇𝐹 

𝐿1, 𝐿2 4.7 𝑚𝐻 

 Switching frequency 𝑓 10𝑘𝐻𝑧 

 

 
Figure 7 Characteristics of PV system  

Figure 7 displays the characteristics of PV 

system in constant condition, in which the temperature 

and intensity are stabilized at a steady value of 30℃ and 

1000(𝑊 𝑆𝑞. 𝑚⁄ ).   Then, the voltage on input side  is 

sustained at 175 V while the input current is sustained at 

a static value of 80 A with no variations. Then, an input 

voltage is boosted with the aid of HGIB converter.   

 
Figure 8 Output waveform of converter   

An output waveform of developed converter is 

represented in Figure 8. The output voltage is initially 

raised and settled at 780V with the aid of FSO based 

ANN-MPPT controller. Consequently, an output current 

is sustained at 14 A with no oscillations.  
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Figure 9 Behaviour of PV system 

Figure 9 depicts the behaviour of PV system in 

varying condition. The values of temperature and 

intensity are gradually increased and stabilized at 35℃ 

and 900(𝑊 𝑆𝑞. 𝑚⁄ ).  Here, the input voltage is varied in 

the beginning and sustained at 175 V and an input 

current is maintained at 60 A with no oscillations.  

 
Figure 10 Output waveform of converter    

An Output waveform of converter is revealed in 

Figure 10. The output voltage is randomly varied and 

sustained at 780V meanwhile the output current is 

slowly raised and maintained at 14A in the entire 

system.  

 
Figure 11 Waveform of battery  

The waveform of battery is presented in Figure 

11. The voltage of battery is gradually raised and 

maintained at 130 V and current of battery is settled at a 

reduced value while the SOC of battery is stabilized at 80 

%.      

 
Figure 12 Waveform of WECS  

The waveform of WECS is depicted in Figure 12. 

The wind speed is sustained at 15 (𝑚 𝑠⁄ ) throughout the 

system while the speed of rotor is maintained at 

1.25(𝑟𝑎𝑑 𝑠⁄ ) with more oscillations. Then, the torque is 

randomly varied and settled at a reduced value. 

Subsequently, an output voltage is steadied at a unity 

value whereas the output current is kept at 1A and pitch 

angle is randomly varied in the beginning and stabilized 

at 5.6 𝑟𝑎𝑑.     

 
Figure 13 Waveform of PWM rectifier  

 
Figure 14 Waveform of grid  

Figure 13 represents the waveform of PWM 

rectifier. The output voltage of PWM rectifier is 

randomly varied in the beginning and settled at 600 V 

with little fluctuations. The waveform of grid is depicted 

in Figure 14. Then, the grid’s voltage is maintained a 

steady value of 320 V while the current of grid is varied 

randomly and stabilized at 20 A without fluctuations.   
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Figure 15 Waveform of power  

The waveform of power is revealed in Figure 15. 

The real power is oscillated in the beginning and 

sustained at 1000 W while the reactive power is 

stabilized at a lesser value, representing the efficacy of 

the system is enhanced.    

 
Figure 16 Waveform of THD 

The waveform of THD is revealed in Figure 16. 

The B phase attains the lowermost THD of 0.08% 

compared to R and Y phase (0.13% and 0.10 %), 

indicating the power quality is enhanced with better 

performance.     

 
Figure 17 Comparison of efficiency 

The comparison of efficiency for modified Zeta 

[23], Interleaved boost [24] and developed converter is 

shown in Figure 17. The modified Zeta converter has 

lowest value of 91.33% while the Interleaved boost 

converter attains 95% that is worse than HGIB converter 

with 95.23%, improves the overall reliability of the 

system.  

 
Figure 18 Comparison of voltage gain  

Figure 18 displays the analysis of voltage gain 

with Interleaved boost [25], high gain [26] and HGIB 

converter that has demonstrates superior performance in 

attaining  voltage gain while other converters has lesser 

voltage gain,  indicates its strong capability for high 

voltage conversion.   

 
Figure 19 Comparison of voltage stress  

The comparison of voltage stress for Interleaved 

boost [25], high gain [26] and developed converter. The 

Interleaved Boost shows a significant increase in voltage 

stress, indicating high component stress. The High gain 

converter maintains moderate voltage stress. The 

proposed approach consistently shows the lowest 

voltage stress across all duty cycles, emphasizing its 

superior ability in diminishing switch stress and 

improving reliability. 
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Figure 20 Analysis of tracking efficiency 

Figure 20 displays an analysis of tracking 

efficiency for MPPT approaches like ANN [24], SSO [27] 

and developed MPPT approach. An ANN approach has 

the efficacy of 97.2% and SSO approach has the efficacy 

of 99.3% than developed approach that attains the 

maximum efficiency of 99.5%, establishing its superior 

ability in accurately and reliably tracking the highest 

power.  

IV. CONCLUSION  

This paper presents a Hybrid Renewable Energy System 

(HRES)–based EV charging station integrating both solar 

and wind energy sources. A High-Gain Interleaved 

Boost (HGIB) converter is employed to enhance the PV 

system voltage, providing improved voltage gain. The 

Maximum Power Point Tracking (MPPT) is achieved 

using a Flying Squirrel Optimized (FSO) Artificial 

Neural Network (ANN), delivering precise power 

extraction under varying environmental conditions. 

Additionally, a Doubly Fed Induction Generator–Wind 

Energy Conversion System (DFIG-WECS) supplies 

excess power to the system when needed. Energy 

exchange between the EV battery and the DC bus is 

managed by a bidirectional buck-boost converter, 

supporting efficient charging and discharging 

operations while enabling smart energy management 

and vehicle-to-grid functionality. MATLAB/Simulink 

simulations, compared with conventional approaches, 

demonstrate a converter efficiency of 95.23%. The 

proposed HRES design thus provides a sustainable and 

reliable solution for clean energy–based EV charging 

infrastructure. 
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