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Abstract: - This paper describes the development of a grid-connected, domestic electric vehicles (EV) charger that is 

powered by solar photovoltaic (PV) arrays and meets the need of an EV, household loads, and the grid. With the help of 

PV array, the charger is equipped to run independently while supplying uninterrupted power and charging to home loads. 

However, the grid linked mode ofIoperation is offered if there is no PV array or inadequate PV array generation. The 

charger is supported by synchronization and smooth mode switching management, enabling automated grid connection 

and disconnection without interfering with the EV charging or household supply. The charger is additionally equipped 

with active/reactive power support from the vehicle to the grid (V2G) and power transfer from the vehicle to the home 

(V2H) for sustaining the local loads in an isolated situation. Additionally, the charger is regulated to function as an active 

power filter to maintain the grid current’s total harmonic distortion (THD) within 5% and run at unity power factor 

(UPF). A dc-link voltage regulation based energy management technique is employed to achieve energy management, 

and an adaptive neuro-fuzzy inference system (ANFIS) is used to regulate the dc-link voltage. 

 

Keywords: - Adaptive Neuro-fuzzy Inference System (ANFIS), Electric vehicle, Solar PV generation, Power quality, 

Active power and Reactive power. 

 

INTRODUCTION 

The electric vehicle (EV) is gaining popularity as a viable alternative to nonrenewable fuel-powered automobiles at the 

moment [1]. The infrastructure for charging EVs, however, is crucial [2]. Electricity used to charge EVs is extremely 

energy-intensive and is often produced by coal- and gas-fired power stations. Therefore, EVs may actually be a green 

and clean alternative to the current transportation system if the electrical energy needed to charge them comes from 

sources of renewable energy like solar, wind, and other similar sources. The fact that this type of charging station uses 

locally generated and consumed PV array power is a benefit. As a result, there is no need to improve the transmission 

lines to handle the high power. The charging station does not need to use the grid when energy prices are high. The 

installation of solar PV panels on office buildings and parking lots has been suggested. 

In this paper, the solar PV array is directly linked to the dc connection in this article. The deletion of the dc-dc 

converter step reduces the number of power stages by one, reduces circuit complexity, and lowers converter cost without 

reducing the PV array's performance. 

In order to increase the charger's operating efficiency while the EV is not connected for charging, the converter 

must be used for other purposes. Numerous capabilities have been suggested in the literature, including active filtering, 

vehicle-to-home operation utilizing an EV battery, and four-quadrant charger operation. However, the literature that is now 

accessible uses a number of converters and controllers for a variety of working modes. Additionally, the charger's 

capacity to operate is constrained by the grid's accessibility (islanded or grid linked operation), the manner in which 

modes are switched between them (seamless or discontinuous), and other factors that have an impact on the charger's 

operational effectiveness. However, the review shows that the majority of the recent literature is theoretical research, and 

very few publications have actually used the solar PV array- based EV charger, which is capable of carrying out the 

aforementioned functionalities using a mono topological features and unified control. 

The integration of EV charging with a renewable source, residential load, and the grid, however, poses 

problems for the system's overall   energy management.   A   unique predictive   fuzzy logic-based energy management 

systemifor a grid-integrated micro grid has been suggested. The controller makes use of the system's long-term data to 

forecast energy output, demand, and cost. The development of a rule- and optimization-based energy management 

system has been the focus of several studies. The heuristic rule governs how the microgrid operates in the regulation 

method. The heuristic-based rule's disadvantage is that it is microgridi-specific. As a result, designing generic rules is not 

possible. The day-ahead prediction is used by the energy management system with centralized optimization to optimize 

the functioning of the microgrid. The day ahead scheduling, however, cannot deliver adequate performance because to 

the significant unpredictability and uncertainty in the renewable generation, load, and poor forecast accuracy. However, 

the promptness and accuracy of the dc-link voltage controller determine how well the energy management plan works. In 

order to construct the increased dc voltage control loop, the method for cancelling the second harmonic ripple in the dc-

link voltage. The robust dc bus voltage control loop for efficient power-sharing. In a three-phase power converter, 

unified control maintains the dc-link voltage using a ANFIS controller. Similar to this, a PI controller is used in many 

other publications to control the dc bus voltage. Because of this, it is impossible to tune the ANFIS controller to 

accommodate the unknown disturbances while it is operating. In order to enhance the system's dynamic and steady-state 

performances, the dc-link voltage control in this research uses an adaptive neuro-fuzzy inference system (ANFIS). The 
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ANFIS is well renowned for its remarkable resilience to disturbances and uncertainties, such as unidentified fluctuations 

in control variables and system parameters. 

The benefit of this system is that it can handle utility, EV, and home load requirements with only one system. 

These are the primary characteristics of this system. 

 Using a PV array in both an islanded and a grid-connected mode to power domestic loads and charge EVs concurrently. 

 Creation of a reliable control technique for producing a sinusoidal voltage at the PCC with a total harmonic distortion 

(THD) ofiaround 4%. 

 Using vehicle-to-home (V2H) capabilities, EV batteries may be used to power the household load continuously while 

operating in an island environment. 

 Creation of a control system to synchronize grid and PCC voltage as well as logic to provide switch enabling logic (E) for 

a smooth move from islanded to grid connected mode. 

 Active power filter operation using VSC, preventing grid pollution from the charger. 

 The ability to provide reactive electricity from a vehicle to the grid (V2G) on demand utilizing the EV battery and VSC. 

 
I. SYSTEM CONFIGURATION 

The circuit topology of the presented charging system isshown ini Fig. 1. This device combines a solar PV 

array right into the VSC's de-link, making it a single-phase, bi-directional EV charger. This system sends solar PV and 

EV battery electricity into the grid while simultaneously charging the EV battery with grid and solar PV power. A bi-

directional ac-de conversion stage is followed by a bi-directional de-de conversion stage in this charger's two-stage design. 

The ac-dc conversion stage serves as an inverter to transform the de voltage into the ac voltage when supplying solar  

PV power and EV electricity to the grid. It also changes the input ac voltage into the de voltage while charging the 

EV battery. The EV battery is connected to the output of the bidirectional de-de converter (BDDC). The dc-dc 

converter in the charger performs all required tasks. The dc converter operates in boost mode while the EV battery is 

being discharged and in buck mode when the EV battery is being recharged. 

 
PV!array Ipv 

 
Bidirectional AC-DC Converter BidirectionaliDC-DC Converter 

Fig: - 1 Circuit topology ofkcharger. 

 

Additionally, it controls the dc bus voltage and maximizes the power provided by the solar PV array. The 

coupling inductor connects the charger to the grid (Lc). Harmonics must be removed in order to smooth the grid current. 

To stop switching harmonics produced by the VSC from being injected into the grid, a ripple filter is additionally 

attached at the PCC  (Point oflCommon Coupling). 
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II. ENERGY MANAGEMENT STRATEGY 

 

This charger's energy management method is based on the control of a constant dc-link voltage. Fig. 2 displays 

the flowchart ofkenergy management under various operatinglsituations. The steady-state energy management in grid-

connected mode is provided as, 

𝑃𝑃𝑉 ± 𝑃𝐵 ± 𝑃𝑔   − 𝑃ℎ = 0 (1) 

Here, PPV, PEV, Ph, and Pg. represent the power from a solar PV array, aniEV, a residential load, and the grid, 

respectively. The positive power in this statement denotes the generation of power, while the negative power denotes its 

consumption. This implies that both the grid and the EV may produce and consume energy. The charger experiences a 

transient in grid linked mode as a result of changes inisolar irradiance, home load, and EV charging current. The 

charging/discharging of the EV battery and household supply shouldn't be impacted by the change in PV array power 

because it solely affects the grid power. 

As a result, a number of things happen in order to reach the systems energy equilibrium during an irradiance 

shift. 

Solar irradiance   𝑃𝑃𝑉   power at dc-link 

 𝑉𝑑𝑐  𝑉𝑑𝑐 regulation  𝐼𝑃   𝑖∗   𝑖𝑔  

In standalone mode, the steady-stateienergy management is provided as, 

𝑃𝑃𝑉 ± 𝑃𝐸𝑉 − 𝑃ℎ = 0 (3) 
The change in home demand and solar irradiation both affect the energy balance in standalone mode, just like 

they do in grid-connected mode. However, because the dc-link voltage is regulated by the EV battery, it 

adjusts for any power interruptions. Energy management is achieved under household load changes is given as, 

𝑖ℎ   power at dc-link 𝑃𝑃𝑉   𝑉𝑑𝑐 

 𝑉𝑑𝑐 regulation 𝐼𝐸𝑉 𝐼𝐸𝑉  


 CONTROL ALGORITHM 

 

The control goal is to continuously power the home without interruption while charging the electric vehicle. As 

a result, the control is created in a way that allows for multipurpose operation. The control is essentially divided into 

islanded and grid linked modes, as shown in Fig. 3. (GCM). The active and reactive powers as well as the vehicle-to-

home (V2H) modes of the vehicle-to-grid (V2G) are, however, covered by these two main controllers. Additionally, both 

islanded and grid connected approaches of combined bi-directional control of dc-dc converters are investigated. 

A. Grid Connected Mode Control 

In order to control the active and reactive power flow and produce switching pulses for the VSC, the GCM mode 

regulates the dc link voltage and grid current. Here is an explanation of ANFIS and variable speed control. 

1) ANFIS of dc Link Voltage 

In this project, ANFIS is used to control the solar PV array's maximum power point tracking (MPPT) and dc-link 

voltage. As in single-stage topology, the MPPT is accomplished by regulating the dc-link at the solariPV array's MPP 

voltage, the dc-link voltage control is also necessary for the MPPT of the solar PV array. 

The surface of the sliding mode control is created using a mix of proportional and integral functions ofivoltage error 

because the ANFIS regulates the de-link voltage. To regulate the reaching and sliding dynamics of the controller, the 

proportional and integral kind ofisliding surface is used. When the voltage error is high at first, the proportional term 

moves the error close to the surface, and once there, the integral term regulates the voltage error's sliding at the surface. 

The voltage error is expressed as, 

𝑒 = 𝑉∗ − 𝑉𝑑𝑐 (5) 
The net instantaneous active power flow determines how much voltage the dc-link will have. The de-link 
voltage   rises   when   the net   instantaneous active   power flow    turns positive.    However,    with net negative 

instantaneous active power flow, the de-link voltage falls.   As a result, fast calculation of the loss component of 

the reference grid current and de-link voltage regulation are required for regulating the active power balance in the 

system. This work uses a sliding surface to pick the voltage error as the surface, which is dependent on the net active power 

flow. Using the sliding surface, the estimated current is expressed as, 
𝑃+ , 𝑆>0 

𝐼𝑑 = { 𝑑𝑐 
𝑑𝑐 

The first-order derivative of the dc-link voltage isnow derived as follows. 

(6) 
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(7) 
 

Based on the Lyapunov stability requirements, which specify that, the controller for dc-link voltage management and for 

calculating the loss component oficurrent is created. 

 
(8) 

 
(9) 

 

(10) 

 

 

Now, Id is selected such that S.S  

                               (11) 

The chattering phenomena may emerge with the current ANFIS control because of the (σ + δ) sign(S). With the 

current ANFIS control, the chattering cannot be completely eradicated. But by determining the lowest permitted 

steady-state error and setting the value of so that the (+) does not get too tiny, the chattering has been kept to a specific 

frequency. Since is a positive constant, the definition of is as follows: 

(12) 

 
2) VSCiControl in GCM 

VSC control is shown in Fig. 3. The EV and non-linear domestic loads are to blame for the harmonics in the grid 

current. Moreover, the power factor (PF) also deteriorates. Therefore, a second-order generalized integrator-frequency 

locked loop with dc rejection capacity (SOGI-FLL-DR) is utilized to estimate the fundamental load current so that the 

reference current becomes harmonic-free in order to improve the PF and guarantee the grid current THD under 4%. 

Using sample hold and ZCD, Fig. 3 illustrates the extraction of the basic active load current component    (Zero 

Crossing Detector). The active current estimate expression is provided as 

 

Fig: - 2 Flowchart of energy management and operation strategy. 
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Fig: - 3 Combined control strategy for VSC 
 

 

 
(13) 

 

Where the load currents ih and ihp are the basic load currents. is the frequency prediction coefficient, ko is the dc 

rejection coefficient, k is a gain that controls the speed of prediction, and is the frequency.The calculated total active 

current is as follows using (11) and Ihp: 

 

(14) 

 

The reference grid current's reactive current's amplitude (Iq) is calculated using the reference reactive power 

command (Qref), and it is stated as, 

(15) 

 

Where Vtm is the amplitude of the PCC voltage (vs). 

Instantaneous reference active grid current (ip) and instantaneous reference reactive grid current (iq) are obtained 

by multiplying the real (Ip) and reactive (Iq) components by the in-phase (ut) and quadrature-phase unit template (qt), and 

they areiprovided as, 
(16) 

 

Using the following formulas, the in-phase (ut) and quadrature-phase unit template (qt) are produced. 

  (17) 

Where Vtm is the PCC voltage's amplitude and Vgp and Vgq are its in-phase and quadrature-phase voltages, 

respectively. The predicted unit templates also become sinusoidal since these two voltages (Vg and Vs) computed using 

the SOGI-FLL-DR method become harmonic-free.With the aid of Vpg and Vgq, the Vtm is produced as, 

  (18) 

The total reference grid current is calculated using the reference active gridicurrent (ip) and reference 

reactive grid current (iq). 

(19) 
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The hysteresis controller creates the triggering signals for the VSC by comparingithe detected grid current (ig) 

with this reference grid current (ig*). 

 
 

B. VSC Control in Islanded Mode 

The integrated system's goal in islanded mode is to use the PV array energy to autonomously power the 

household load and charge the EV. In addition, the V2H power transfer is used to provide the home load when the PV 

array is not producing any electricity. When the VSC is in the islanded mode, it is regulated to function as aniinverter to 

provide the load in accordance with the control illustrated iniFig.3. To do   this, the controller produces the voltage 

as seen in Fig. 3iutilizing the reference frequency and voltage. 

The reference voltage and the observed voltage are used to create the VSC pulses. The charger requires a grid 

connection to operate in "islanded mode" and exchange two-way electricity. As a result, the grid voltage, frequency, 

and phase must match the PCC voltage, frequency, and phase. Such that the grid connection is automatic and smooth. In 

order to determine the phase error between two voltages, the controller estimates the phase angles of the grid voltage and 

PCC voltage. The phase error between two volts is reduced using the PI controller. The PI controller transforms the 

phase error data into error frequency. Using the erroneous frequency, the controller generates the reference voltage for 

the corrected frequency. As soon as the phases of two voltages are in phase with one another, the controller generates 

the enabling signal forithe bidirectional switch in line with the switching logic shown in Fig. 3. 

 

IV. RESULTS AND DISCUSSION 

The open-circuit voltage and short circuit current of the solar PV array are 460V and 10A, respectively. 

However, the greatest power point voltage and current are 396 V and 9.5 A, respectively. The EV battery in the 

experimental model is a 240V, 35Ah lead-acid battery. The digital controller is used to operate the charger (dSPACE-

1006). Various signals (voltage and current) from the charger are required by the digital controller in order to carry out the 

control algorithm. A range of voltage and current signals may be obtained using the Hall Effect-based voltage (LEM LV-

25P) and current (LEMiLA-55P) sensors (analogue). These signals are convertedifrom analogue to digital using an 

analogue to digital converter (ADC). The digital controller processes the digital signal, applies the control algorithm, 

and generates the switching pulses for the VSC and dc- dc converter. 

A. Steady-State Performance of Charger 
 

Fig: - 4(a) Grid voltage (V) 
 

Fig: - 4(b) Grid Current (A) 
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Fig: - 4(c) Charging Voltage (V) 
 

 

Fig: - 4(d) Charging Current (A) 
 

 

Fig: - 4(e) THD of Vgv Fig: - 4(f) THD of Igv 

 

The charger is not adding any voltage or current harmonics to the grid, based on the grid voltage (vg), grid 

current (ig), and load current. (ih), Total harmonic distortion (THD) is seen in Figs (i). The charger in Fig. is operating at 

unity displacement power factor (DPF), indicating that it is not utilizing any reactive power from the grid. IniFig. the 

VSC parameters are shown. 

B. Dynamic Performance ofiCharger 

The charger's independence in running an EV charging station and providing electricity to a home's load using 

power from a solar PV array is highlighted by a demonstration of the charger in its isolated mode. When the solar 

irradiation is operating in the islanded mode, the residential load varies. As a consequence, Fig. 7 illustrates how the 

charger functions when there are disruptions. 
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Fig: - 5(a) under change in household load 

 

Fig: - 5(b) Generator power 
 

Fig: - 5(c) derating of MPPT 
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Fig: - 5(d) Performance under change in solar irradiance power 
 

Fig: - 5(e) Voltage and current under charging and discharging of EV battery 
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Fig: - 5(f) Household current 

 

Fig: - 6 Reactive power performance of vehicle to grid 

 

 

 

 

 

 

 

 

 

 
 

Fig: - 7 Active power filter and distorted voltage condition operation performance 
 

Fig: - 8 Comparison of dc-link voltage regulation using PI, SMC and ANFIS 

 

The capacity of the PI controller, SMC, and ANFIS to regulate the dc-link voltage (Vdc) under a step change 

of 50Vkin the reference dc-link voltage (V*) is shown iniFig. 8. As seen in Fig. 8, the ANFIS regulates the dc-link 

voltage more quickly than the PI control and SMC. 
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V. CONCLUSION 

An integrated charger with solar PV array, household load and grid has beeniimplemented. The test result have 

confirmed that the simultaneous EV   charging and household   supply in both islanded   and grid connected modes. 

According to these test that the charger is doing what is supposed to be doing charging EVs. Serving loads and 

maintaining grid power quality. 
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