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Abstract— In this paper, a control of solar photovoltaic (PV) 

array, and wind energy conversion system (WECS) based charging 

station using an adaptive frequency fixed second order generalized 

integrator with DC offset rejection capability (AFF-SOGI-DRC), 

is presented for charging the electric vehicle (EVs) and improving 

the power quality of the grid. In comparison to SOGI-based 

algorithm, wherein a frequency feedback loop reduces the stability 

margin and FF-SOGI-based algorithm, where a double frequency 

oscillation and offset error constraint the algorithm capability, the 

presented algorithm precisely estimates the fundamental EV 

current. Moreover, the AFF-SOGI-DRC based positive sequence 

extractor helps in generating the sinusoidal in-quadrature unit 

vectors under distorted and unbalanced grid voltages; therefore, 

the reference grid currents become harmonic free. The charging 

station is operated in the grid connected mode (GCM) and an 

islanded mode (IM) to utilize the renewable energy maximally. The 

control of the charging station also includes the voltage 

synchronizing strategy that ensures the smooth transition between 

the GCM and IM. Moreover, a unified controller is designed to 

achieve four-quadrant operation (V2G/G2V), vehicle to home 

power transfer, reactive power compensation and active filtering 

etc. The operation of the charging station complies with the IEEE 

1547 standard, and the operation of the charging station is 

validated through the laboratory prototype. 

Keywords— Electric vehicle (EV), solar PV generation, wind 

energy conversion, bi-directional power flow, power quality. 

I.  INTRODUCTION 

Currently, the electric vehicles (EVs) are considered as the 

alternative to the internal combustion engine based vehicles due 

to clean, emission less, and environment friendly transportation 

[1]-[2]. However, massive charging infrastructure is required to 

meet the charging demand of EVs, which is mostly supported 

by the grid [3]. Due of which, many grid-related problems such 

as voltage sag, swell, distortions, unbalance, current distortions, 

DC offset in current etc. [4] are frequently appearing. Therefore, 

it is very much important to design a system, which can charge 

EVs and improves the power quality of the grid, simultaneously 

[5]. Control algorithms are effective tool to mitigate the power 

quality problems. Therefore, in this paper, an adaptive 

frequency-fixed-second order generalized integrator with DC 

offset rejection capability (AFF-SOGI-DRC) based algorithm is 

utilized to control the charging station and to enhance the grid’s 

power quality under distorted and unbalance voltages conditions 

with the presence of DC offset in the load currents. In the 

literature, many algorithms have been used to improve the 

power quality at the grid. Instantaneous reactive power theory 

(IRPT) [6] and synchronous reference frame theory (SRFT) [7] 

are most popular and widely used algorithms in the grid 

connected applications. IRPT algorithm converts the three 

phase voltage and currents to two phase voltage and currents for 

calculating the active and reactive power of the load. Moreover, 

due to the use of a low pass filter and a PI controller for DC 

voltage regulation used for output power calculation, the 

transient response of the IRPT algorithm is relatively poor. 

Moreover, the IRPT performance deteriorates at distorted and 

unbalanced grid voltages. Similarly, the effectiveness of SRFT 

algorithm is also severely affected by the efficacy of the PLL at 

unbalanced and distorted voltages. Enhanced PLL (EPLL) [8] 

based algorithm demonstrates the excellent tracking efficiency 

at unbalanced and distorted voltages. However, due to the use 

of a trigonometric function, EPLL algorithm becomes 

computationally expensive. Second order generalized integrator 

(SOGI) [9] based algorithm offers good tracking capability, fast 

convergence and low steady state error. However, at variable 

frequency, performance of SOGI algorithm also deteriorates. 

Therefore, a frequency feedback loop is suggested in the 

literature to make the SOGI algorithm frequency adaptive but at 

the cost of increased computation and reduced stability margin. 

Moreover, the frequency-dependent tuning makes it difficult for 

implementation. The notch filters [10] offer performance 

similar to SOGI algorithms. However, the selection of centre 

frequency of a notch filter at variable frequency becomes 

cumbersome, which affects performance of the NF. Therefore, 

some adaptive notch filters (ANF) [11] are also proposed in the 

literature for changing the centre frequency as the signal 

frequency changes. However, again the frequency feedback 

loop restricts the performance of ANF. SOGI-frequency locked 

loop (SOGI-FLL) [12] solves the problem of frequency 

feedback and offers superior performance than SOGI and other 

algorithms. However, the input signal amplitude-dependent 

tuning of frequency update law in SOGI-FLL, makes it difficult 

to implement at variable voltage condition. In the literature, 

many attempts have been made to remove the frequency 

feedback loop and use frequency-fixed SOGI (FF-SOGI) [13] 

to improve its performance. However, the FF-SOGI algorithm 

generates an in-quadrature signal of unequal magnitude other 

than nominal frequency. Therefore, to generate in-quadrature 

signal of equal magnitude, Xiao et al. [14] have proposed to 

multiply the quadrature signal with a gain equal to the ratio of 

frequency drift and the nominal frequency. However, due to the 

use of SRF-PLL for frequency estimation, the FF-SOGI 

algorithm becomes computationally expensive. Further, 

adaptive FF-SOGI (AFF-SOGI) algorithm is proposed by 

Akhtar et al. [15] for completely removing the frequency 

estimation and making the FF-SOGI truly adaptive to the 

frequency variation for achieving the in-quadrature voltages of 

equal amplitude. Though, the AFF-SOGI algorithm poses all 

characteristics of SOGI algorithm and generates in-quadrature 

voltages of equal magnitude at distorted and unbalanced 

voltages and frequency variation too, however, performance of 

AFF-SOGI deteriorates at presence of DC offset in input signal 

and fundamental-frequency oscillatory errors appear in 

estimated phase, frequency, and amplitude. Therefore, in this 
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work, AFF-SOGI-DRC is presented to control charging station 

and to improve the power quality of the grid. 

    EV charging generally obtains power from conventional 

sources of energy that utilizes fossil fuels. Therefore, the use of 

electricity generated by fossil fuels does not eliminate the 

emission but merely moves it from vehicles to power plant. 

Thus, the EVs powered by the energy generated from the green 

energy sources (solar and wind etc.), can be a true alternative of 

IC engine based vehicles for the elimination of emission and 

providing environmental advantage [16]-[20]. Mouli et al. [21] 

have presented a high power EV charger for utilization of solar 

PV array energy. Alharbi et al. [22], and Verma et al. [23] have 

suggested the PV array integrated EV charger for self-sustained, 

reliable, clean and cost-effective charging. Li et al. [24] have 

proposed a fast charging facility using a solar PV array, wind 

energy and a storage battery based distributed energy sources. 

Therefore, in this paper, the PV array and wind energy 

conversion system (WECS) are used for EV charging.  

The most common way to integrate the PV array with the 

charging station is through a DC-DC boost converter, which is 

used for maximum power point tracking of PV array [25]-[28]. 

However, in this paper, the DC-DC conversion stage is 

eliminated, and a PV array is directly interfaced to charging 

station using a diode. The key benefit of this topology involves 

a power stage reduction, by a removal of boost converter, 

without sacrificing the efficacy of a PV array. Besides, the 

topology provided is a kind of retrofit approach in which the PV 

array can be added to the current charging network with minimal 

software modification (MPPT algorithm) alone. 

Similarly, in this paper, instead of using a VSC for the 

integration of a permanent magnet brushless DC generator 

(PMBLDCG), a simple topology consisting only of a diode 

bridge rectifier followed by a boost converter is used for the 

conversion of power from WECS based on PMBLDCG. The 

major motivation behind the choice of this topology is to the 

quasi square wave nature of the PMBLDCG currents, which 

match with the input currents of the rectifier. Hence, the 

performance of the PMBLDCG is not affected by the quasi 

square wave current of the rectifier, which is not the condition 

with machines with sinusoidal currents such as PMSG and 

DFIG based WECS. Another major advantage of this topology, 

is that the maximum power is extracted using a boost converter 

using only rectifier output voltage and current. Moreover, this 

topology also does not require wind speed information and 

turbine characteristics for MPPT. As compared to VSC based 

WECS [29], [30], this topology reduces circuit complexity, size 

of power converter cost, without sacrificing WECS power 

generation. Moreover, it is also easy to implement.  

Therefore, this paper deals with a PV array and WECS based 

multifunctional charging station for power quality improvement 

at the grid using AFF-SOGI-DRC. Followings are main 

objectives of this work. 

 Design of a PV array and WECS based integrated system for 

EV charging and household supply. 

 An AFF-SOGI-DRC based control algorithm is used to 

control the charging station and to enhance the grid’s power 

quality at distorted and unbalance voltages with the presence 

of DC offset in load currents. 

 A PV array and WECS are connected to the charging station 

using a simple architecture for reducing the size of the 

converter without affecting the performance. 

 To utilize the quasi square wave nature of PMBLDCG 

currents, the rectifier and boost converter based topology is 

used. Moreover, the PV array is connected to the charging 

station without a boost converter. 

 To increase the operational efficiency of the charging station, 

the operation of charging station is presented in an islanded 

mode (IM), and grid connected mode (GCM). Moreover, a 

unified controller is designed to achieve four-quadrant 

operation (V2G/G2V), vehicle to home power transfer, 

reactive power compensation and active filtering.             

 In addition, charging station has a capability to change the 

mode, i.e. IM to GCM and vice versa, so that charging remains 

continuous irrespective of grid availability and the solar and 

wind disturbances. 

II. SYSTEM CONFIGURATION AND CONTROL ALGORITHM 

The presented integrated charging station, as shown in Fig. 1, 

interfaces the PV array and WECS using VSC for the purpose 

of providing the charging facility to the EV and supplying power 

to domestic loads in both IM and GCM. The PV array is 

interfaced to the DC link of the charging station. However, the 

PMBLDC generator based wind energy conversion system 

(WECS) is coupled to the DC link through a diode bridge 

rectifier followed by a boost converter. The purpose of the boost 

converter is to harness the peak power of WECS. The EV takes 

power from the point of common coupling (PCC) and DC link 

of the charging station using a bi-directional DC-DC converter 

(BDC). The domestic loads are coupled at PCC of the system. 

A bidirectional static switch and interfacing inductors are used 

between PCC of the charging station and the grid. Moreover, the 

RC filters are also used to remove the switching harmonics. 

The purpose of charging station is to provide an 

uninterruptible charging to EVs in all operating conditions and 

backup power to the household loads in case of emergency. 

Therefore, the control of charging station is designed to provide 

the services in both IM and GCM. Moreover, the controller has 

to enhance the grid’s power quality and to make sure that the 

charging station operation remains undisturbed at unbalanced 

and polluted grid voltages. Besides, the controller has to extract 

the maximum power from renewable sources. Based on the 

objective of the charging station, the control is designed for 

GCM, IM, MPPT of WECS and scheme for storage battery 

charging. Fig. 2 shows a combined control strategy of the 

charging station. 

A. VSC Control in GCM 

 The GCM control is designed with the objectives of improving 

the power quality at the grid by harmonics mitigation and 

compensating the reactive power demand of household and EV 

loads. Moreover, balancing the grid currents and making them 

pure sinusoid at distorted and unbalanced voltages, is also an 

objective. Therefore, the grid connected control estimates the 

sinusoidal reference grid currents using the AFF-SOGI-DRC, 

irrespective of distorted load currents, EV currents and distorted 

grid voltages. 

The AFF-SOGI-DRC algorithm considers only the fundamental 

frequency currents. It rejects the other frequency component for 

generating the reference currents so that the other frequency 

component currents do not flow into the grid and only active 

power is taken from the grid. In addition, the controller uses the 

unit voltage vectors estimated from the positive sequence 

voltages of the grid so that the distortions and unbalance in the 

grid voltages do not affect the reference currents. The detailed 

control scheme for grid connected mode is shown in Fig. 2. 

Here, AFF-SOGI-DRC is used for fundamental current 
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extraction, which is derived from the FF-SOGI algorithm by 

replacing the damping factor and resonant frequency with the 

fractional order damping factor and fractional order resonant 

frequency. Moreover, a DC offset rejection loop is added to the 

AFF-SOGI so that fundamental current estimation becomes 

immune to the DC offset present in the EV current. The block 

diagram of AFF-SOGI-DRC is shown in Fig. 3. 
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Fig. 3 Control diagram of AFF-SOGI-DRC 

The in-quadrature transfer function of AFF-SOGI-DRC is as, 
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where v’ and q’ are in-quadrature signals of the fundamental 

frequency. m’ and ωn’ are fractional order damping factor and 

fractional order resonant frequency which is defined as, 

' ' 12cos( ),     x
n nm x                                                           (3) 

Where ωn=2πf rad/s and m is a constant whose value is selected 

on the basis of settling time and overshoot during transient of 

AFF-SOGI. In (4), the ratio x is defined as, 
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Fig. 1 Configuration of charging station  
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Fig. 2 Combined control strategy of charging station for both islanded and grid connected mode 
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The AFF-SOGI-DRC is derived from FF-SOGI; therefore, it is 

tuned for fixed value of the m and ωn. However, AFF-SOGI-

DRC is made adaptive to grid frequency variations by changing 

m’ and ωn’ using x. Here, the transfer function is shown for 

estimation of in-quadrature voltages. However, the algorithm is 

equally valid for estimating fundamental load + EVs currents.  

After the estimation of fundamental currents, the active current 

is estimated by sampling the fundamental current at every zero 

crossings of quadrature unit vectors and holding it up to the next 

zero crossings. For identifying the zero crossing, a zero crossing 

detector (ZCD) is used. Unit vectors carry phase and frequency 

of grid voltages, which are used for synchronization. Therefore, 

unit vectors should be a pure sinusoid of unit amplitude even at 

distorted and unbalanced voltages. For this purpose, the positive 

sequence voltages are used for the unit vectors generations. The 

grid positive sequence voltages are obtained from the double 

AFF-SOGI-DRC as exhibited in Fig. 4. 
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Fig. 4 Positive sequence estimation using double AFF-SOGI-DRC 

Now, the phase voltages of the grid are estimated as, 
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Where, vgabp, vgbcp and vgcap are positive sequence line voltages 

of grid and vga, vgb and vgc are the phase voltages of grid. 

Whereas, vgab, vgbc and vgca are line voltages of the grid. 

The amplitude of PCC voltages, Vtm, in-phase (ua, ub, uc) and 

quadrature-phase (qa, qb, qc) unit templates are estimated as,  

 2 2 22

3
tm ga gb gcV v v v                                                           (6) 

, ,
ga gb gc

a b c
tm tm tm

v v v
u u u

V V V
                                                        (7) 

3 ( )
,  

23 3 2 3

3 ( )

2 2 3

a c a b c
a b

a b c
c

u u u u u
q q

u u u
q


    


  

                                 (8) 

With active currents of three phases, its average active current 

is calculated as, 

3

pa pb pc

ep

I I I
I

 
                                                               (9) 

Due to the average active currents, the cumulative requirement 

of the load + EV, is equally distributed in three phases. As a 

result, the grid currents always remain balanced irrespective of 

the unbalanced voltages and unequal load demand.  

The total active current of reference grid current is calculated as, 

p ep dI I I                                                                            (10) 

In (10), Id is the current required for regulating the DC link 

voltage, is obtained as, 

( ) ( 1) { ( ) ( 1)} ( )d d pd de de id deI r I r k V r V r k V r                             (11) 

Where Vde is an error between the reference DC link voltage and 

sensed DC link voltage. kpd, and kid are the proportional and 

integral gains of PI controller, respectively. 

Here, the PV array is feeding power to the DC link; therefore, 

in GCM, the MPPT is achieved by maintaining the DC link 

voltage at MPP voltage using VSC. Whereas, in IM, MPPT is 

achieved by BDC of the battery. In both operating modes, the 

DC link reference voltage is obtained from the incremental 

conductance (INC) MPPT algorithm. However, the DC link 

voltage is controlled at 400V in absolute lack of PV array power, 

as shown in Fig. 2.  

The reactive current of the reference grid is obtained as, 

2
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q

tm

Q
I

V
                                                                                 (12) 

Here, Qref is the user given command for the vehicle to grid 

reactive power compensation. 

Now, using (7), (8), (10) and (12), the sinusoidal active and 

reactive reference grid currents are estimated as, 

, ,*  *  *pa p a pb p b pc p ci I u i I u i I u                                         (13) 

, ,*  *  *qa q a qb q b qc q ci I q i I q i I q                                    (14) 

Finally, the reference currents for the grid are obtained as, 
* * *,  ,  ga pa qa gb pb qb gc pc qci i i i i i i i i                                  (15) 

Fig. 5 shows the fundamental current estimation, active current 

and the reference current estimation performance of the AFF-

SOGI-DRC based control algorithm.  
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Fig. 5 Fundamental current, active current and grid reference current generation  

B. VSC Control in Islanded Mode and Control for Seamless 

Mode Change (IM ↔ GCM) 

The IM control is designed to use WECS and PV array power 

and to operate the charging station at unavailability of the grid. 

Therefore, AC voltages are generated at PCC according to the 

control exhibited in Fig. 2. This control generates sinusoidal 

reference voltages (vsa
*, vsb

*, vsc
*). Comparing reference voltages 

(vsa
*, vsb

*, vsc
*) with sensed voltages, and minimizing the voltage 

errors using PI regulators generate the current references for 

PCC. The reference currents and sensed PCC currents generate 

the gate signals for insulated gate bipolar junction transistors 

(IGBTs) switches of VSC using a hysteresis controller. 

The IM control also discusses the logic for seamless mode 

transition from an IM to the GCM and vice. For this, the 

controller always samples the grid and the PCC voltages and 

monitors the phase error between these two voltages and decides 

the mode of operation. For changing the mode from an IM to 

the GCM, the phase error is initially determined, and a PI 

controller minimizes the error in phase and expresses the error 

in terms of frequency error. The frequency error is calculated as, 

 ( ) ( -1) ( ) - ( -1) ( )e e pa e e ia er r k r r k r                         (16) 
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Where θe is phase error and kpa and kia are the controller gains. 

Using (16), the updated frequency is calculated as,  

n r e                                                                             (17) 

The converter generates the voltage of updated frequency as 

long as the phase error does not match the conditions shown in 

Fig. 2. When all the conditions are satisfied, the controller 

enables the signal ‘E’ for connecting the PCC to the grid. 

C. Bi-directional Converter Control for Storage Battery 

In GCM, the battery is operated in grid to storage (G2S) and 

storage to grid (S2G). In G2S mode, a constant current and 

constant voltage (CC/CV) strategy is used, as shown in Fig. 6. 

However, in S2G mode, the battery is discharged in constant 

current/power mode. This value of current/power depends on a 

commitment of charging station to the utility. The PI controller 

used in the outer voltage loop for battery voltage regulation and 

estimation of battery reference current is obtained as,  
* *( ) ( 1) { ( ) ( 1)} ( )b b ps be be is beI r I r k V r V r k V r                           (18) 

Where Vbe is the error in the battery voltage and the kps, kis are 

the regulator gains. 

The inner current loop used for the estimation of duty ratio is 

determined as, 

( ) ( 1) { ( ) ( 1)} ( )e e pb be be ib bed r d r k I r I r k I r                 (19) 

Where Ibe is an error in the battery current and kpb, kib are 

controller gains. 

Using the duty ratio, a pulse width modulator (PWM) gives the 

switching pulses for the converter. 

 
Fig. 6 Control of BDC of the storage battery  

In IM, the DC link voltage is regulated by the storage battery 

using the bidirectional DC-DC converter. Moreover, the MPPT 

of the PV array is also achieved using a bi-directional converter. 

Therefore, the DC link reference voltage is selected based on 

the availability of PV array, as discussed in III.A. Here, the PI 

voltage regulator gives the battery reference current using which 

the current controller in (19), gives the duty ratio and the 

switching pulses are obtained from the PWM generator. 

D. MPPT Control of WECS 

The MPPT control of WECS is achieved using a scheme shown 

in Fig. 7. For MPPT, the voltage and current of the rectifier 

output are given to an INC MPPT algorithm, and it estimates the 

voltage corresponding to the maximum power. Further, the 

triggering signals for a boost converter are obtained from the 

PWM generator using the MPP voltage and the DC link voltage. 
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Fig. 7 MPPT scheme for the WECS  

III. RESULTS AND DISCUSSION 

  An experimental prototype of the charging station developed 

in the laboratory, is shown in Fig. 8. The operating capability of 

the system is presented in both dynamic conditions and steady 

state operating conditions (Figs. 9-16). This system operates in 

both GCM and IM conditions, and the dynamic performances 

are shown in both IM and GCM. For experimental validation, a 

solar PV array of 2.5kW, 460V, and 9.5A is used. The rating of 

PMBLDCG based WECS system is 2 kW. The rating of a 

battery is 240 V and 35 Ah. The control algorithm of the system 

is implemented in a digital controller dSPACE (1006) utilizing 

current and voltage signals acquired using voltage transducers 

(LEM LV-25P) and current transducers (LEM LA-55P). 

 

Fig. 8 Experimental prototype of charging station 

A. Steady State Results 

The steady state results of the system in GCM, are shown in Fig. 

9. Together, a solar PV array (Fig. 9(g)) and WECS (Figs. 9(c)-

(d)) are generating 5.5kW. A power of 1.7 kW is taken by the 

home load (Figs. 9(e)-(f)), 1.08 kW is taken by the battery (Fig. 

9(h)) and remaining 2.5kW is fed into the grid at unity power 

factor (Figs. 9(a)-(b)). Fig. 9 (b) shows the grid current THD, 

which is less than 5%, even though the current drawn by the 

EVs connected at PCC is more than 20% as exhibited in Fig. 

9(f). This signifies that VSC of the charging station is not only 

extracting maximum power from a solar PV array, but it is also 

compensating the nonlinearity of the EV current. 

 

 
(a) 
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(b) 

 
(c)                                                    (d) 

 
(e) 

 
(f) 

 
(g)                                                   (h) 

Fig. 9 Steady state response, (a) vab, vbc, vca and iga, igb, igc, (b) active, reactive 
power of grid, THDs of vab, vbc, vca and iga, igb, igc, (c)Vw and Iw, power 

PMBLDCG, (e) vab, vbc, vca and ih, (f) active, reactive power of home load, THDs 

of vab, vbc, vca and ih, (g) Vpv, Ipv and Ppv, (h) Pb 

B. Dynamic Performance 

The transient behavior of the system for the changes in solar 

irradiance, wind speed, and disturbance in the EV charging 

current, are shown in Figs. 10-11.  

1) Performance in Islanded Mode 

Fig. 10 shows the performance of the charging station in IM 

at solar irradiance and wind speed changes. Due to the 

perturbation in solar irradiance from 1000 W/m2 to 500W/m2, 

the solar PV array current decreases (Fig. 10(a)). Since the 

power of WECS and the power of the EV connected at PCC 

should not be disturbed, the battery starts discharging. Fig. 10(a) 

shows that WECS power and EV power are not getting affected 

due to the irradiance variation. Similarly, the change in wind 

speed causes a reduction in power generation (Fig. 10(b)). 

Therefore, the EV battery starts discharging to supply the load 

and the EV. Fig. 10(b) also shows the regulated DC link voltage 

and undisturbed sinusoidal PCC voltage. Therefore, it is 

observed that the disturbance due to one source is not affecting 

the generation of other source and EVs. 

 

  (a) 

 
  (b) 

Fig. 10 Dynamic performance in standalone mode, (a) change in solar irradiance 

1000W/m2→500W/m2, (b) change in wind speed   

2) Performance in Grid Connected Mode 

When connected to the grid, the battery current is changed in 

step from charging to discharging for showing the storage to 

grid capability of the charging station. The change in battery 

current causes an increase in the power supplied to the grid 

(Figs. 11(a)-(b)). However, the powers generated by the solar 

PV array and WECS are undisturbed. Moreover, the charging of 

EV connected at PCC is not getting disturbed, and the DC link 

voltage is also maintained. Similarly, the change in solar 

irradiance (Figs. 11(c)-(e)) and wind speed (Figs. 11(f)-(g)), 

only affects the grid power to maintain the power balance. 

Moreover, these transients don’t affect the charging of EV 

battery, connected at PCC and DC link voltage. Similarly, the 

performance under the connection/disconnection of EV is 

shown in Fig. 11(h).  
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The disconnection/connection of EV also does not affect the 

solar PV array power, WECS power, charging of EV and DC 

link voltage.  

 The charging station capability to operate at distorted and 

unbalanced voltages and to improve the quality of voltage and 

current are shown in Fig. 12. From Figs. 12(a)-(b), it is observed 

that after the compensation, the grid currents become balanced 

and sinusoidal.  In addition, the grid voltage quality also 

improves as the current harmonics are not being fed into the grid 

after compensation. Fig. 12 (c) shows the current of VSC before 

and after compensation, which justifies that non-fundamental 

current of EV and household load is compensated by VSC. 

Fig. 13 illustrates the synchronization of PCC voltage with the 

grid voltage for the seamless shift of operation for IM to GCM. 

From Fig. 13, it is observed that the charging station is 

connected to the grid only after the two voltages perfectly 

matches to each other. As a result, the transition happens to be 

very smooth, and grid current justifies it. Similarly, the shift of 

operation from GCM to IM is also smooth. It is also observed 

that during the mode change, the EV current is undisturbed. 

Fig. 14 shows performance of charging station while 

supplying reactive power to the grid. From Fig. 14, it is observed 

that the reactive power command is changed in the step. As a 

result, the controller updates reference currents for supplying 

demanded power and the voltage and current justifies the same.  

Fig. 15 shows a comparison of performance of AFF-SOGI-

DRC with SOGI and AFF-SOGI algorithms, and it is observed 

that the fundamental current estimated by AFF-SOGI-DRC is 

sinusoidal whereas, other signals are not of good quality. 

Fig. 16 shows the THD of grid current as a function of power 

fed into the grid in vehicle to grid mode. The graph is made 

using the readings taken on power quality analyzer (Fluke 43B). 

The minimum THD of the grid current is 1.4 % at 3kW, and the 

maximum THD is 4.8 % at 500W. Moreover, the power factor 

is unity for the entire power region. 

 

IV. CONCLUSION 

A PV array-WECS based multifunctional EV charging station 

has been controlled using AFF-SOGI-DRC. Test results have 

validated the controller ability to extract the fundamental 

currents from the polluted currents and estimated the distortion 

free and balanced grid reference currents under all operating 

conditions including unbalanced and distorted voltages. Test 

results also show that the THDs of grid voltage and current, are 

always maintained less than 5%, even for worst operating 

conditions. In addition, test results have validated the charging 

station capability to simultaneously charge the EV and to feed 

the household loads in both GCM and IM. In IM, the charging 

station has generated the sinusoidal voltages with good quality 

in terms of THD, irrespective of EV and home load currents. 

The controller has always extracted the peak power from the PV 

array, and WECS and the same have been justified by test results 

in dynamic conditions. Moreover, the power management 

capability of the charging station and its controller has been 

 
                                         (a)                                                                                   (b)                                                                                   (c)                                                                                                                        

 

                                         (d)                                                                          (e)                                                                                         (f) 

 

                                                                                    (g)                                                                                   (h) 

Fig.11 Dynamic performance in GCM, (a)-(b) change in EV current (IB), (c)- (e) change in solar irradiance, (f)-(g) change in wind speed, (h) change in home load 
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verified at different transient conditions caused by the solar 

irradiance change, wind speed change, home load perturbation, 

and change in EV current. In addition, the transition from GCM 

to IM and vice versa and reactive power support to the grid have 

been successfully presented in detail.       
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Fig. 12 Performance at unbalanced and distorted voltage conditions, (a)-(b) grid voltage and grid current, (c) grid voltage and current, load current, and VSC current 
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