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ABSTRACT 

Electric Vehicles (Evs) have enlarged significant popularity owing to their environmental benefits and the 

enhancing demand for sustainable transportation. Integrating renewable energy sources such as photovoltaic 

systems for EV charging improves the sustainability and cost effectiveness of overall system. For improving the 

overall performance and reliability of EV charging systems, an effectual continuous charging of EV batteries is 

crucial. Therefore, this paper introduces a novel topology to optimal EV charging by utilizing an integrated 

SEPIC-Cuk converter with energy management system. The integrated SEPIC-Cuk converter is developed for 

enhancing the voltage obtained from PV, which offers high voltage gain with reduced component count. 

Moreover, to control the converter operation, the Chaotic dragon fly optimization (CDO) based PI controller is 

used, it provide the stable output voltage with better convergence speed and robustness. The battery system gets 

charged by the PV system for EV charging and the bidirectional converter is employed for both charging and 

discharging purpose as per the battery needs.  Additionally, the excess energy obtained from the PV system after 

supplying enough power to the battery is deliver to the grid system through single VSI. During unavailable 

power from PV, the grid flows in bidirectional for charging the battery, thus continuous power supply is fed to 

battery system. To validate the effectiveness of the developed system it is executed in MATLAB/Simulink and 

the comparative analysis is made over with the traditional topologies for showing the prominence of the 

proposed work. The outcomes illustrates that the proposed converter approach has high voltage gain ratio of 

1:10, high efficiency of 97.42% as well as minimized THD value of 2.42%. Thereby, this research contributes to 

the ongoing efforts in developing advanced charging solutions with energy management system.  
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I. INTRODUCTION 

In recent era, sustainable energy-based transportation solutions have drawn more attention from the 

government, automakers, and consumers in the form of zero-emission vehicles like EVs and electric 

automobiles, etc. The electrification of transportation is increasing daily [1] in order to reduce reliance 

conventional fuels and to lessen the accompanying climate implications. The electric vehicles (EVs) that operate 

by battery packs offer extra environmental benefits. To help alleviate major worries about rising pollution and 

its negative effects, the transition from traditional electric energy generation, that uses fossil fuels, to one 

focused on green energy must prioritize mobility. However, there's additional technological considerations to be 

made if EVs are going to be linked to the electric power grid for charging [2]. Initially the energy composition 
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of any local electric power system affects the indirect emissions of EVs. However, the pollution benefit for EVs 

is not clear if coal-fired power plants account for a large portion of the electrical system's power output. To 

satisfy charging need, successfully boost EV emission reduction, and lessen reliance on the power grid, RES 

must be directly integrated with electric vehicle (EV) charging facilities [3].  The consumption of electricity to 

support human life's necessities is crucial to a nation's economic development. Solar cells are energy generators 

that can transform solar energy into electrical current. The usage of solar cells can lead to issues because the 

amount of electricity generated depends upon environmental factors like temperature and light intensity, 

keeping the system's power output unstable [4]. Consequently,  a battery is required that holds the energy 

generated throughout the process of irradiation to ensure the entire system has the energy stored in the battery in 

case the solar cell fails to absorb sunlight. In recent years, sustainable energy-based transportation solutions 

have drawn more attention from the government, automakers, and consumers in the form of zero-emission 

vehicles like EVs and electric automobiles, etc. The primary source of power for EVs is a lead acid battery, 

which requires an effective charger to continually power the EV and other accessories.Battery lifespan is 

impacted by ripple current [5, 6].  DC-DC converters are crucial to produce higher voltage obtained from the PV 

system, there are several DC-DC converters used for application using renewable energy which remain a more 

attractive and feasible solution to combine with RES , despite the fact that both groups have their own benefits 

and drawbacks [7]. 

For PV uses, Buck-Boost, SEPIC, Zeta, and Cuk are the most often used non-isolated converters [8]. 

These converters' Boost and Buck topologies provide low-order circuits, outstanding effectiveness, and 

flexibility. However, its rigidity with regard to output voltage can limit their use.  Boost converters and Buck 

converters are able to increase or decrease voltage. Consequently, both Boost and Buck converters are 

inappropriate to charge battery uninterruptedly with MPPT operation, like in the case of PV system battery 

charging. MPP tracking is not feasible in a Boost converter if the battery voltage is less than the PV panel's 

extreme power voltage; on the contrary present, MPP tracking is not feasible in a Buck converter if the battery 

voltage is greater [9-11]. It is possible to perform MPP tracking using Buck-Boost, SEPIC, Zeta, and Cuk 

topologies independent of modifications to the environment and the linked load because it produce an output 

voltage that is greater or lower compared to the PV generator. Because of its adaptable output gain, SEPIC 

functions as a buck-boost DC-DC converter, changing its output voltage in accordance with its duty cycle [12]. 

The Cuk converter eliminates any such restrictions and offers advantages like low input and output current 

ripples, which makes it a natural choice for PQ enhancement in EV chargers. The high current strain between 

the parts, however, prevents the aforementioned methods from being used in the majority of high-power ac-dc 

converter systems [13,14]. An example of a non-isolated converter is the SEPIC-Cuk converter, which has two 

operating modes: boost mode and buck mode [15]. In this study, a converter system that works to charge 

batteries from solar panels is created utilizing a SEPIC-Cuk type converter. 

The PI controller is popular for being sensitive to changes in parameters, weather, and other variables. In 

order to manage variables like unpredictable weather for the PV system, a more effective controller must be 

used [16, 17]. Particle Swarm Optimization (PSO), Perturb and Observe (P&O), Genetic Algorithm (GA), Crow 

Search (SC), and Firefly Algorithm (FA), among others are some of the optimization approaches that have been 

created over time. The efficiency, cost, monitoring speed, monitoring accuracy, and hardware needs of all of 

these systems differ in a number of ways. They perform admirably in the majority of situations, but they are 

challenging to execute on a cheap digital controller [18-23]. This study uses the chaotic dragon fly optimization 

technique, a well-known category of meta-heuristics that draws its inspiration from dragonflies. The 

conventional previous work has resulted that the PV generator's insufficient treatment as an input for power 

electronics conversion devices, which could be a factor in the dependability problems with PV energy systems 

that have been identified. Among the most basic approaches to synchronize a power converter to the electrical 

network is to divide the current reference signal by the grid voltage. In order to maintain unity power factor, the 

grid-tied converter is typically necessary, and it is regulated to avoid islanding in the case of grid failure [24, 

25]. 

In this paper, a SEPIC-Cuk Converter is developed along with CDO algorithm based PI controller to 

improve energy flow of a grid integrated PV system. The converter efficiently matches the PV panel voltage 

with the grid voltage, permitting seamless power injection into the grid. The CDO algorithm-based PI controller 

dynamically tunes the converter's control parameters to regulate the output voltage. There are five sections in 

this work. The proposed technique is addressed in section II after the introduction. The CDO algorithm, design, 

and modelling are covered in section III. Section IV presents the findings and discussions.  
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II. PROPOSED SYSTEM 

In the pursuit of efficient and sustainable energy solutions, grid-integrated PV systems play a essential role by 

harnessing solar energy and injecting it into the power grid. To optimize energy flow and maximize power 

extraction from PV panels, the concept of employing the SEPIC-Cuk Converter along with a CDO algorithm-

based PI controller is used. The designed system's overall layout as represented in Figure 1. The system is 

comprised of PV modules, a DC-DC converter, a battery and a grid. 

 
 

Figure 1 Proposed System block diagram 

In this research, a battery is charged using a PV module and the Interleaved SEPIC-Cuk converter is used 

for boosting the voltage from PV to satisfy required level of battery and grid system. The converter is controlled 

with the aid of PI that results in a slower output response and its parameter needs to tune for better performance. 

Therefore, the chaotic dragonfly optimized control approach is utilized to provide a faster response from an 

output and control the output voltage of converter. The enhanced power is deliver to the PWM generator for 

producing needed pulses for the better switching operation of the converter. Additionally, during excess power 

generation form PV system after supplying enough power to battery for EV charging, the grid gets energized 

through the single phase VSI that provide power by converting DC-AC supply and regulated by the PI 

controller. During insufficient power from PV system the grid provide alternate power to battery and the 

bidirectional converter is utilized for regulating the battery bank for charging and discharging process, while 

sustaining the battery’s SOC within safe limits. Finally, the continuous power supply is given to battery system 

for EV charging without any interruptions. 

 

MODELLING OF THE PROPOSED SYSTEM 

A. SOLAR PV MODEL  

A solar cell is a device, which utilizes the PV to transform solar energy into electrical energy. When two 

electrodes attached to a solid or liquid system make interaction with one another, a phenomena known as the 

solar energy effect occurs. This phenomenon causes an electric voltage to arise. Due to the energy of photons of 

sunshine that is effectively liberated and allowed to move in a type N and P semiconductor connection, electric 

current is created. This solar cell includes an optimistic foot and a negative foot that are linked to a network or 

equipment that needs a power supply, similar to a photodiode. 
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Figure 2. PV panel equivalent circuit 

 

PV modelling equation using 1 diode, 

 

                                                                           (1) 

 

Where,  represents the PV output current and  denotes the series and parallel resistors 

respectively.  is the Reverse Saturation Current and  is the diode ideality factor and represents the thermal 

voltage.Under varied solar cell working situations, the converter is given to control the steady output voltage, 

and in this case, the SEPIC-Cuk converter is used to deliver greater voltage gain from the PV. 

 

B. SEPIC - CUK CONVERTER 

Photovoltaic DC-DC converters are a vital part of PV energy conversion. In various solar cell usage 

scenarios, the DC-DC SEPIC-Cuk converter is available to adjust the constant output. This study makes use of 

Integrated Sepic-Cuk Converter, a non-isolated converter kind that may be used in either boost mode or buck 

mode. Since the period of operation of the SEPIC and Cuk converters is identical, the output voltage is also 

comparable. According to the duty cycle, this converter can performs as a boost or buck converter. 

 
 

Figure 3.Circuit diagram of SEPIC-Cuk Converter 
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The converter performs boost operation if its duty cycle level exceeds, the voltage responsiveness of 

the SEPIC converter changes to positive, and the voltage response of the Cuk changes to negative. The output 

voltage level vary according to the orientations of the SEPIC and Cuk converters when the duty cycle is less 

than 50%, acting as a buck converter. As demonstrated in Figure 3, the SEPIC and Cuk converters' ability to 

integrate the two components allows for the creation of bipolar type converters. Both the SEPIC side and the 

Cuk side of the converters operated by a single switch. Since the switch has been linked to the ground, there is 

no requirement for synchronizing additional switches. There are two operational modes for the bipolar SEPIC-

Cuk converter circuit, including  

Mode 1 

When switch S is activated,  retain the energy generated by the input voltage. Because of 

the depletion of capacitors , the  inductors additionally serve as devices for storing 

energy. The drifting diode is inactive or open throughout this time. The output capacitor delivers the energy 

going to load. 

 
Figure 4. Circuit operation of mode1 

 

Mode 2 

 

 
 

Figure 5. Circuit operation of mode 2 
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The inductor charges the capacitors by way of freewheeling diodes  and 

powers the load while the S switch is off.   The SEPIC-Cuk converter's output voltage is as a result, 

 

          (2) 

 

Applying the subsequent the formula, find the inductor and capacitor values for the SEPIC, 

          (3) 

          (4) 

 

Applying the subsequent the formula, get the current value of the Cuk Inductor and capacitor is, 

           (5) 

 

           (6) 

 

           (7) 

 

          (8) 

where,  is the output voltage , D represents duty cycle and is ripple current across inductor. 
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Figure 6. Modes of SEPIC-Cuk Converter 

The converter integrates SEPIC and a Cuk, which have the same voltage converting ratio, polarity of 

opposite, and a mixture of active and passive components. There is a single switch that control both 

configurations and the control circuit is not complicated since the control terminal is grounded. These topologies 

are helpful for creating bipolar dc link type converters because they combine two converters that may provide an 

output of the same magnitude but with a reverse polarity. 

C. CHAOTIC DRAGONFLY ALGORITHM BASED PI CONTROLLER 

The Chaotic Dragonfly Optimized PI Controller for maintaining constant DC link voltage is a specialized 

control system designed for applications involving DC-DC converters or similar power electronic systems. In 

such systems, it is essential to maintain the DC link voltage to a constant value to ensure stable and reliable 

operation. The PI controller is a widely used control technique in power electronics to achieve regulation and 

control of output variables, such as voltage or current. In this case, optimized   PI controller is utilized to 

maintain the DC link voltage and keep it at a desired setpoint. 

The chaotic dragonfly optimization algorithm (CDOA) is modelled after the hunting and movement of 

dragonfly swarms in nature. The sine-cosine and chaos-based CDOA method is an enhancement on the DA 

technique. The DA method and CDOA technique are both put to the test using eight test parameters. The revised 

CDOA approach has better resolution precision than the DA algorithm, and it is more stable than the initial DA 

algorithm. 
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Figure 7. CDOA Flowchart 

 

Equation (9) represents the symbolic illustration of the dragonfly method. 

 

      (9) 

 

Assuming there aren't any nearby agents, formula (10) is used to modify the location of the agents.  

indicates the location of the agents at the t-th iteration;  reflects the step size of the modification. 

                   (10) 

 

where d is the location vector's magnitude. Equation (11) is used to denote the Levy function. 

                               (11) 

 

Where is a variable set to 3/2 and  and are the random numbers between [0, 1], is determined using 

formula (12). 
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                             (12) 

 

Where                             (13) 

 

Table 1: Parameters of CDA 

Parameter Details (CDA) Value 

 

1.5 

d 31 

M 50 

Lower bound 1 

Upper bound 31 

MaxIteration 50 

 

Algorithm of the Chaotic Dragonfly Optimization Algorithm is given by, 

Step 1: Set the dragonfly population. (i=1, 2,…, n) 

Set the step vectors (i=1, 2,…, n) 

While (iteration  MaxIteration) 

Step 2: To calculate the prime parameters of DA 

Calculate the overall dragonflies' objective values. 

Modify the enemy and food sources 

Update neighbouring radius 

Number of neighbour has been evaluated 

Step 3: To update location vector 

Assuming a dragonfly has a minimum of one neighbour, 

Update step vector and location vector 

End if  

Check and adjust the new position using the variable boundary information. 

End while 

By utilizing the chaos-driven optimization approach, the control system efficiently respond to variations 

and uncertainties, leading to improved performance and robust regulation of the DC link voltage in real-world 

applications. The proposed CDOA algorithm has the benefit of accurate loss computation and exact estimate. 

Subsequently, the rate of convergence improves as exploitation potential increases. 

 

 

D. BIDIRECTIONAL CONVERTER 

The bidirectional battery converter is a vital component in EV charging system, as it allows energy to 

flow bidirectionallity, enabling both charging and discharging operations. By utilizing this converter topology, 

which operate in both Buck and Boost modes with the capable of stepping up and stepping down the voltage as 

required to maintain the compatibility over the battery voltage as illustrated in Figure 8. 
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Figure 8 Structure of Bidirectional converter 

Buck Mode: In this mode, the converter steps down the battery voltage to match the charging system 

voltage. As specified in Figure, during S1 is in ON condition the input current enhances and moves through S1 

and L and the battery gets charging over the grid. Additionally, during  is in OFF state the inductor current 

minimizes and inductor L generates the power required to charge battery system. 

Boost Mode: In boost mode, this converter steps up the voltage to match the charging system voltage, 

at this mode, the output voltage is greater than the input voltage during the energy discharged from the load. 

During switch is ON condition, input current enhances over  and the inductor current reduced until the S2 is 

in OFF state. 

E. SINGLE PHASE VSI  

 

The single phase VSI is utilized for converting DC supply to AC for distributing power to the grid system. 

A two-arm single phase full bridge inverter with two semiconductor switches on each arm and opposite 

freewheeling diodes for each switch for draining the opposite current are used . In the context of RL load 

devices, these diodes often enable reverse load current to pass over it and also offer a different route to inductive 

current, which continues to run in this manner under the Turn OFF scenario as represented in Figure 8. 

 

 

 
 

Figure 9. Circuit diagram of single phase full-bridge VSI 
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The switches in Figure 9 are  and the didoes are opposite freewheeling 

 .On every connection, the switches work alternately in order to prevent them from being ON 

and OFF in the same mode at the same time. In order to prevent short circuiting, both switches are typically 

turned off for a very brief period of time known as blanking time. The switches must be operated in 

pairs  to provide the appropriate output. Using the Pulse Width Modulation 

technology to precisely provide switching pulses to the MOSFET has improved power conversion from DC to 

AC with minimal losses and low THD in output. 

 

III. RESULTS AND DISCUSSION 

The electricity generated from solar cells is enhanced using a SEPIC-Cuk converter and then converted to 

AC power employing a single phase VSI system utilizing MATLAB program. Table 2 displays the parameter 

requirements for the PV system and the SEPIC-Cuk converter. 

 

Table 2: Parameter Specifications 

Parameters Rating 

PV system 

Peak power 10 KW 

Capacity 5𝑊 

Number of panels 20 

SEPIC-Cuk converter 

 
1.2𝑚𝐻 

 
4.7𝜇𝐹 

 
22𝜇𝐹 

 

 
(a) 

 
(b) 

 

Figure 10. Solar Parameter Waveforms (a) Temperature and (b) Irradiation 

 

Figure 10 depicts the characteristics of the solar PV system for temperature and radiation. It is seen that 

the temperature starts off at 25°C and then rises to reach an average temperature of 35°C. Similarly, the starting 

irradiation amount of 800W/sq m is maintained; however, after 0.3s due to an increase in temperature, the panel 

achieves an irradiation level of 1000W/sq m, giving sufficient supply to the converter input. 
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(a) 

 
 

(b)

Figure 11. Solar Parameter Waveforms (a) Voltage and (b) Current 

 

Figure 11 shows the waveform of the electrical voltage and current reaching the SEPIC-Cuk converter 

from the solar panel. An initial input voltage of 70V is reached and maintained for 0.3 seconds; afterwards, 

because of a rise in the PV parameter, the voltage increases to 82V and continues to be maintained. According 

to this, after 0.3 seconds of peak growth in PV current during the first phase, a steady current level of 14A is 

reached. 

 

 
(a) 

 
(b)

Figure 12. Output Voltage of Proposed Converter by adopting (a) PI, (b) CDOA-PI. 

 

Figure 12 shows how the SEPIC-Cuk converter output voltage was accomplished by using CDOA-PI 

and PI controllers to regulate the DC link supply. It is clear from Figure 12(a) that tuning is required because 

using a PI controller does not produce a steady voltage result of 300V. In Figure 12(b), the CDOA-tuned PI 

controller produces output that is stable. Therefore, a CDOA-PI controller is suggested in order to attain stable 

DC voltage as quickly as possible, producing stabilized DC voltage of 300V. 

 

 
Figure 13. Converter Output Current  
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Figure 13 shows the appropriate output current from the SEPIC-Cuk converter. The current is seen to 

fluctuate in the early stages before stabilizing after 0.025s and maintaining a constant current value of 3A. 

 

 
 

Figure 14. SOC of the battery 

 

 

Figure 15.Battery (a) Current (b) Voltage 

 

With a continuous current of 2A and a battery voltage of 24 V, the battery cell was running. The 

battery's SOC then achieves 80%. 

 

 
(a) 

 

 
(b)

 

Figure 16. 1Φ Grid (a) Voltage and (b) Current 
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Figures 16(a) and (b) show the voltage and current waveform of a single-phase grid, which represents 

the varying patterns of electrical energy. These waveforms provide a constant and steady flow of electricity with 

effective power transmission, efficient functioning of electrical devices, and maintenance of a stable network 

because of regulated voltage and current. 

 

 

(a) 

 
(b) 

 

Figure 17. (a) Real and (b) Reactive Power Waveform 

Figure 17 depicts the waveforms illustrative of actual power and reactive power. It is observed that 

after experiencing a few slight variations at first, the true power stabilizes about 500W. Reactive power, on the 

contrary, is the first oscillating power that results from the existence of inductive or capacitive devices, 

generating voltage and current phase variations, and it eventually diminishes. Moreover, the power factor for the 

developed work is maintained unity as illustrtaed in Figure 18. 

 

 
Figure 18. Power factor waveform 

 

 
Figure 19. THD Value 
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The examination of the THD performance of the grid-connected PV system  as illustrated in above 

Figure 19, which indicates 2.42%. This indicates that the PV system is generating clean and high-quality power, 

with minimal levels of harmonic distortion introduced into the grid. It also ensures better compatibility with the 

grid, reducing the risk of grid instability. 

 
Figure 20. Comparison of Voltage gain 

The developed SEPIC-Cuk converter architecture is compared to conventional converters in an analysis 

based on voltage gain, as shown in Figure 20. According to investigation, the proposed converter obtained 

increased voltage gain of 1:10. 

Table 3: Comparison of Converter Performance 

 

Converters Voltage gain Efficiency (%) 

SEPIC 
=8 

94.5 % [26] 

Cuk 

 

        92 % [27] 

SEPIC-Cuk 
( =10 

97.42% 

Table 3 the results of comparing the proposed converter performance with that of standard SEPIC and 

Cuk converters. It has been demonstrated that the proposed Integrated SEPIC-Cuk converter topology performs 

better than SEPIC and Cuk converter topology in regards to 97.42% efficiency and 1:10 voltage gain. This 

indicates that the PV system efficiently step up the low DC voltage produced by the solar panels to a maximum 

voltage level suitable for grid integration. 

Table 4: Controller Performance Analysis 

Performance Measures PI CDOA-PI 

Peak Time ( ) in sec 0.05 0.02 

Rise Time ( ) in sec 0.02 0.01 

Settling Time ( ) in sec 0.42 0.12 

 

The results of optimizing the PI controller variables to produce better converter functioning are shown in 

Table 4 along with the associated outcomes. As shown in Figure 11, the suggested CDOA-PI controller achieves 
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a stabilized voltage of 300V earlier than the standard PI controller at a time of 0.02s. Thus the proposed system 

quickly and accurately responds to changes in operating conditions, such as varying solar irradiance, load 

demands, and grid conditions. 

IV. CONCLUSION 

Due to rising population and energy demand, a larger range of people are using Evs, to charge EV the RES 

based PV is employed, which helps with EV charging today and is becoming more significant. Furthermore, the 

primary task of an EV system is charging the batteries, and traditional methods of charging have a variety of 

drawbacks, including poor energy management, interrupted power supplies, and short battery life. Therefore, a 

novel EV charging station is presented in the developed work and it makes use of an improved DC-DC Bi-

directional SEPIC-Cuk converter which provides voltage gain ratio of 1:10. In this setup, the EV battery 

receives power directly from the PV panel, and any extra power generated by the PV is fed into the grid. The 

developed converter operates in boost mode and helps to increase PV output; the consequent DC-link voltage is 

controlled and kept steady utilizing the Chaotic Dragon fly technique with an efficiency of 97.42%. The grid 

also receives the DC link voltage via  VSI and grid synchronization is attained by using a PI controller which 

provide THD value of 2.42%.  
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