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The need for electric cars (EVSs) is steadily rising in the world due to the rise
in emissions like CO2 and environmental effects brought on by conventional
automobiles. EVs have also transformed the transportation industry. These
days, EVs are popular because of their special qualities, which include lower
noise pollution, carbon emissions, and operating expenses, as well as the
capacity to operate in both grid-to-vehicle (V2G) and vehicle-to-grid (V2G)
scenarios. Nevertheless, it affects the power distribution grid in a number of
ways. There are various power concerns owing to the introduction of EVs in
the distribution system, like instability of voltage, distortions in currents,
harmonic distortions, power factor degradation, and fluctuations in voltage.
The primary emphasis of this study is on mitigating PQ issues like
harmonics produced in the distributed power network when electric vehicles
are integrated at the distribution end. In order to reduce harmonics and
enhance the distribution side's current profile, a dynamic active power filter
(DAPF) with PSO-tuned ICC control technique is introduced. Performance
of PSO-DAPF is validated with the help of MATLAB/Simulink, along with

Vehicle-to-grid V2G and V2G operation.

This is an open access article under the CC BY-SA license.
Corresponding Author:

[@Noel
G. G. Raja Sekhar

Department of Electrical and Electronics Engineering, Koneru Lakshmaiah Education Foundation
Green Fields, Vaddeswaram, Guntur, Andhra Pradesh, India
Email: rsgg73@gmail.com

1. INTRODUCTION

The transition to renewable energy has been the primary focus in recent years due to growing
awareness of the depletion of fossil resources. In this sense, the swing to electric vehicles is made possible by
the unavoidable changes in the transportation sector. Nearly 5 million electric vehicles (EVs) were
introduced worldwide [1]. Maintaining a healthy, emission-free environment depends heavily on electric
automobiles. So as to meet the growing demand for EVs worldwide, an increasing number of EV charging
(EVC) stations are being built.

India has 1800 EV charging stations as of March 2021 [1]. Numerous EV charging stations are
being established to meet the demands of EVs because of their growing market share worldwide. To correct
the voltage fluctuation during power generation, EV station will also be helpful as a flexible load that is
allied to the microgrid.

Distribution operators must have a real-time monitoring infrastructure to record the conditions of
EV chargers and ensure that their grids operate in a safe manner in compliance with power quality
requirements [2], [3]. Through smart charging and V2G EV interfaces, flexibility in the electrical system,
including system operators, end users, and aggregators, supports in the interfacing of renewable power to
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meet demand [4], [5]. Current harmonics are developed in the system by electric vehicles and charging
stations, lowering the supply network's power quality [6].

Numerous studies on dynamic active power filter (DAPF) to enhance the distribution network's
power quality using various methods have previously been published [7], [8]. This research presents DAPF
utilizing particle swarm optimization (PSO) tuned ICC technique to deal with total harmonic distortion
(THD), lowering the impact of real-reactive power needs on the microgrid network, considering the
drawbacks of other studies published in the past. To lessen the impact of the harmonics microgrid, PSO-
DAPF has been simulated using MATLAB/Simulink [9]. Reactive power suppression, harmonic alleviation
is source currents, unity power factor (UPF) at the common connecting point (CCP), and real-reactive power
delivery to the EV charging stations during grid fluctuations are major targets of the proposed model [10].

Compared with conventional DAPF and Pl-based control strategies reported in the literature, the
proposed PSO-based intelligent current controller provides faster dynamic response, enhanced harmonic
mitigation, and superior PF correction under nonlinear EV charging conditions. Unlike existing works that
either address harmonic compensation or reactive power management separately, this study integrates series
energy unit (SEU) support, reference current optimization, and four-leg DAPF operation into a unified
control architecture capable of maintaining IEEE-519 compliance during both G2V and V2G modes. This
combination of PSO optimization, adaptive filtering, and bidirectional EV interfacing has not been
simultaneously addressed in previous studies, thereby establishing the key novelty of this work. The
considered model is described in the section 2, the PSO-DAPF controlling is illustrated in the section 3,
supporting MATLAB results were presented under the 4th Section, and the proposed model is concluded in
the final 5th Section.

2. PROPOSED PV FED DAPF EV CHARGING STATION

The research methodology for the proposed PV-fed DAPF integrated EV charging system was
carried out systematically through modeling, controller design, simulation, and performance evaluation
stages [5]-[7]. Initially, an extensive literature review was conducted to identify challenges related to
renewable energy integration, EV charging, and power quality improvement. Based on the identified research
gaps, a PV-supported EV charging architecture integrated with DAPF was developed to improve charging
efficiency and reduce harmonic distortions.

The overall configuration of the proposed system is shown in Figure 1, which illustrates the power
flow among the Solar Energy Unit (SEU), DAPF, utility grid, and EV charging unit. The DAPF is employed
to compensate for harmonics, reactive power, and voltage fluctuations generated during EV charging
operations, thereby improving overall grid stability [11], [12].

The PV array was mathematically modeled considering irradiation and temperature variations.
Figure 2 shows the effect of series resistance on the (a) I-V and (b) P-V characteristics of the PV module.
The analysis indicates that higher series resistance reduces output current and power generation capability,
affecting system efficiency [13]-[16].
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Figure 1. Proposed PV-DAPF fed EV charging station system
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2.1. Solar energy unit

In SEU, for higher power point tracking, modified P&O maximum power point tracking (MPPT) is
considered [9], and a DC/DC power conditioner is necessary for a stable voltage supply before connecting to
a DC link [10], [11]. In this case, the solar unit's MPPT design maximizes output power.

Pev = Vpy * lpy 1

End solar current and solar voltage of SEU are given by (2) and (3).

Vp+IscRse

Ip = Iy — Lsqr€Xp [ﬁ (Vp + IPRS‘?) —1]- Rsh @
AKT Isc
v, = T1n{;+1} ©

2.2. Electric vehicle charging station

Figure 2 illustrates how an EV charging station is integrated with the grid through a vehicle-to-grid
device. To prevent discontinuities in grid power supply and PQ issues, EV charging stations were integrated
with DAPF [17]-[19]. The configuration of the EVC station seen in Figure 2, primarily sourced by
photovoltaic energy, has a bidirectional converter, which allows power to flow back and forth. By controlling
the duty cycle of controllers with a specific frequency and duty ratio, a bidirectional converter controls the
voltage [20], [21]. Depending on the situation, the bidirectional converter's buck and boost modes charge and
drain the battery in the EVC station by varying firing pulses.

The charging station's control unit creates a duty cycle for the DC/DC converter’s PWM generator
and employs a P&O MPPT controller to extract the most power possible from the PV cells through DAPF.
A PSO controller regulates and controls the DAPF pulses. The MPPT controller draws the most power
possible from the source and feeds it to a DAPF converter [22]. A bidirectional inverter receives the
converter's output to charge the battery. Based on its pulses, the bidirectional converter alternately charges or
discharges.
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Figure 2. EV charging station
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2.3. PSO-DAPF controller

The presented model is a four-wire, three-phase microgrid. Active power can be delivered to or
absorbed from the grid by the four-leg inverter. The load’s neutral current is compensated by the fourth leg.
The inverter's switching mechanism is adjusted so that the combined power of the inverter and load functions
as a grid resistor. The battery utilization is replaced by the SEU.

The SEU is connected to the DAPF's DC-link. At CCP, the EVC station and DAPF are integrated at
the microgrid source end. The DAPF, which is managed by the PSO- | cosine controller, maintains the power
quality. In accordance with the control plan, the DAPF introduces compensating currents. These current
balances the necessary amount of reactive power and eliminates the hormone component of the source current.
In this case, the inverter absorbs the current harmonics and functions as an inductor [23], [24]. During
variations, the necessary quantity of active power is supplied by the integrated SEU at the DAPF's DC link [25].

In a 3¢system, using phase voltages (Va, Vb, V¢), source RMS value Vi, will be derived using (4).

Vo = (3/3 (V2 + V2 + VD)2 (4)

From source voltages, unit vectors will be calculated using (5).

W= 2 W, = [2W, =t (5)

Vm
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Using unit vectors, in-phase reference currents are computed using (6).

lyas = lgs * W lgps = Igs * Wb* lyes = lgs * W (6)

Ids = lmas + Icos (7)
1,C0S8g+1p COSOp+ Iz COS B,

leos = L : (8)

3

Where Imgs is the active component obtained from the PI controller, which can be derived using (9),

Imdsi = lmds(i-1) + Kdec(Vdcei - Vdce(i—l)) + KIVchdcei (9)

here, I,,, is phase filtered voltages are proportional to a constant, and the DC link error is Vgc. This, in turn,
causes the grid current to be sinusoidal.

2.4. Proposed control strategy

As seen in Figure 3, the suggested model makes use of the | cosine PSO controller. Both sinusoidal
components of the supply currents (Iacost, Ibcost, Iccost, Iasin, Ibsin, & Icsin) are produced from the source
voltages (Vabcs) and source currents (labcs). The detailed structure of the PSO-ICC control method used to
generate reference currents is presented in Figure 3.
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Figure 3. PSO-ICC controller

Both source and DC link voltage regulation are carried out by the control algorithm. Vdc regulation
will carry the active power transformer between the grid and SEU, resulting in a current I.1ds are produced
when this I, is coupled with the source current's in-phase component. Idabcs, the direct component of
reference current, will be produced by multiplying this Ids by the unit vectors W,, W, and Wc. Igabcs.
Quadrature component of reference currents is also produced following source voltage control and unit
vector multiplication. Additionally, the Idabcs and lgabcs of source currents are added to create the reference
currents laref, Ibref, and Icref. Inref = 0 will be used to represent the neutral reference current.

In this model, I use cosine PSO-controlled DAPF to compensate for harmonics injected by the EVC
station and the reactive power required at the CCP. The PSO controller receives the deviation between the
DC link and reference voltages. This discrepancy is smoothed by the PSO controller, which then transmits
the signal for the creation of the reference current. In a similar manner, the bottom PSO controller receives
the deviation between the actual source voltage and the reference voltage, processes the error signal, and
outputs reference currents. This takes into account both source and DC link voltage disturbances.

The quadrature components are derived from (10).

Iqas = Iqs * W), Iqbs = Iqs * Wl;! chs = Iqs * W (10)
Where:

Iqs = 1""“15 + Isin (11)

Isin — I4SinBg+Ip SinBp+ I Sin 6, (12)

3
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From (6) and (10) net reference currents generated are given by (13) to (15).

Iasref = lggs + Iqas (13)
Ibsref = Igps + Iqbs (14)
Icsref = Idcs + [qcs (15)

The hysteresis current controller (HCC) is now supplied by the deviation between actual and
reference currents. This deviation is used by HCC to create the pulses to DAPF [10]. Phase-A's switching
function is provided in the DAPF.

HB < (I;— 1) -» Sy =1and
HB>(I;—1;) » S, =0 (16)

An evolutionary computation technique called particle swarm optimization mimics the social
behavior of swarms, such as groups of birds searching for food in a certain area. The PSO method looks for
the best solution for the fitness (objective) function in space. It assesses itself according to the mobility of
each particle and the cooperation of the swarm. Depending on the swarm's experience and best
understanding, each particle moves at random. It travels in the direction of its best fit, X, and current best
global fit, Xg». The implemented PSO method is displayed in Figure 4. The PSO algorithm's fundamental
guidelines are as follows: i) Best fitness and global best position are updated; ii) Each particle's velocity and
position are updated; and iii) Each particle's fitness value is evaluated.

Initialization: AR
Random Vector(Xi), Velocity Vector(\1) ST T

v
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Figure 4. PSO algorithm

Let velocity vector be Vi=[vil, vi2,... vin] and position vector is Xi=[xil, xi2,.. xin] in search space.
Each particle's velocity and position are updated using (17) and (18).

Vik+1 = Ww. Vik + Cqy.1q [Xl];b - X}(] + Cy.TIy [Xlg(b - X}(] (17)
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XK = XF 4+ v (18)

Where w is the inertia, r; and r, are random values, c; and c, are coefficients. The initialization values for
the PSO algorithm are shown in Table 1.

To enhance the technical rigor of this work, the proposed PSO-based DAPF controller is now
described in greater detail, including mathematical modeling, reference current computation, PSO optimization
criteria, and DC-link voltage regulation. Additional simulation analysis and comparison with conventional
DAPF and Pl-based controllers have been included to clearly demonstrate the superior dynamic response,
harmonic suppression capability, and power factor correction achieved by the proposed control scheme

Table 1. Initialization values of PSO

Feature Initialization Feature Initialization
W (Inertia) 0.7 Vimax Vimin 1,-1
C, C, 1,0 Swarm size 40
Fitness 1

3. SIMULATION RESULTS

Using MATLAB/Simulink, the proposed Icosine PSO-controlled DAPF is simulated. Here, two
renewable energy sources are efficiently linked to the grid. SEU is connected to the grid via DAPF rather
than directly, which has several benefits.

3.1. Current profile

The primary cause of harmonics in the grid current is the EVC station. Figure 5 shows the source,
load, and injected currents in Phase A. Before 0.1 s, the source current is distorted due to the EV charger.
After the PSO-DAPF is activated, a compensating current is injected, and the source current becomes clean
and sinusoidal, demonstrating effective harmonic suppression. The source current (labcs) has nonlinearities
prior to time t = 0.1 sec. Opposing currents injection at CCP reduces the nonlinearities after t = 0.1 sec. when
DAPF is operational. Figure 6 presents the three-phase source, load, injected, and SEU currents. The PSO-
DAPF provides balanced harmonic compensation across all phases, resulting in smoother, more symmetrical
source currents and reduced neutral current.

The current waveforms clearly show that before 0.1 sec, the source current contains substantial
distortion due to the nonlinear EV charger. After activation of the PSO-DAPF, the injected compensating
current effectively cancels the harmonic components, resulting in a near-sinusoidal source current. This
confirms the controller’s capability for real-time harmonic compensation. The three-phase current profiles
further demonstrate that the proposed system balances unbalanced loads and reduces neutral current,
validating the functionality of the four-leg topology.
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Figure 5. Source-load-injected currents Figure 6. Source-load-injected currents in three phases

3.2. UPF

At t = 0.1 seconds, the DAPF is connected. Before this point, there is a phase deviation in both
voltage and current. When DAPF is active, both current and voltages are in phase due to the suppression of
reactive power at CCP. During DAPF activation, the grid delivers zero reactive power, and the required
reactive power is supplied by DAPF at CCP. This, in turn, leads to UPF. Stated PQ standards are achieved.
Figure 7 shows the alignment of source voltage and source current after DAPF activation. The previously
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lagging current becomes in-phase with the voltage, confirming unity power factor and proper reactive power
compensation at the CCP. The variation in power factor before and after activation of the PSO-DAPF is
illustrated in Figure 8, highlighting the achievement of UPF at the CCP.

Before the DAPF operation, the source current lags the voltage due to the reactive power drawn by
the EV charging station. With the PSO-DAPF active, the voltage and current become aligned, achieving a
unity power factor (PF=1). The PF curve in Figure 8 confirms the complete elimination of reactive power
demand at the CCP. This directly supports the claim that the proposed controller improves voltage—current
synchronization and overall power quality.

The PSO-DAPF dynamically delivers the reactive power required by the EV charging station.
Figure 9 shows that the SEU-fed DAPF injects both active and reactive power during grid fluctuations,
reducing the burden on the grid. This behavior validates the dual role of the DAPF as both a harmonic
compensator and a reactive power regulator.

3.3. Reactive power compensation

SEU-fed DAPF provides the reactive power required at the CCP by the EVC station. In this case,
the DAPF injects both active powers generated by SEU and the necessary reactive power. Thus, without the
need for extra power conditioning equipment, the suggested DAPF operates with power quality and uses an
active power injector from SEU. Real power delivery to the EVC station and reactive power delivery. Figure
9 presents the required real and reactive power injection from SEU-DAPF.
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Figure 8. Power factor before & after PSO-DAPF Figure 9. Required real & reactive power injection
from SEU-DAPF

3.4. Harmonic suppression at CCP
Under various scenarios, harmonic suppression is examined. They have ANFIS-DAPF and lack

DAPF.

- Case 1: Figure 10 displays the current source’s THD percentage without DAPF. Because of the EVC
station, the percentage THD is higher in the three source currents.

- Case 2: Att = 0.1 seconds, PSO-DAPF is activated at CCP. Source currents % THD with PSO tuned
DAPF is displayed in Figure 11. According to IEEE standards, %THD must be below 5%. Here,
decreased source current % THD achieved harmonic cancellation below 4%.

The THD results demonstrate significant improvement. Without compensation, the source current

THD exceeds IEEE-519 limits (>19-26%). After PSO-DAPF activation, THD drops below 4%, meeting

standard requirements. The comparative values in Table 2 confirm that the PSO-DAPF outperforms both the
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Pl-based and uncompensated cases. This provides strong support for the claim that the proposed intelligent
controller offers superior harmonic mitigation.

50
< 2]

g o 2

£ £

= 5

-60 L L L L L ' '
001 002 003 004 005 006 007 008 009 003 004 005 006 007 008 009
Time (s) Time (s}
THD= 19.12% THD= 26.01%

5 5

£ 15t 1 £ 2 i
E E

= ]

s 10r i = 15 i
= I

s s 10 1
£ 5r 1 =

g 2 S 1
= | £ I

0 2 4 5 5 100 1214 6 ' 2 4 6 8 10 1z 14 16

Harmonic order Harmonic order

@ O

o

Phase C

=
—
=5
=
.

001 002 003 004 005 006 007 008 009

THD= 24.34%

]
=]
T

o
T

o
T

Mag (% of Fundamental)
=

0 2 4 6 8 10 12 14 16
Harmaonic order

(c)
Figure 10. Harmonic disturbances in supply currents in the absence of PSO-DAPF (<0.1s)

o

< 10r @ 10 j
2 of 2 0 1
= =
o ol / o 10
015 0.155 016 0.165 017 0175 018 02 0.205 0.21 0.215 0.22 0.225 0.23
. Time (s} Time (s)
THD= 2.32% . THD= 1.68%
_ 25 3 |
= =
E 2 E 15 J
T @
g 15 2
Z s i
5 1 5
= = k
L os < 05
g o
(laalalale. - - - " " n SR | | . " N " " " n
0 2 4 6 8 10 12 14 16 0 2 4 6 3 10 12 14 16
Harmonic order Harmonic order
@ (b)

o 10t 1

E oof 1

=

o o 1

0.2 0.205 0.21 0.215 0.22 0.225 0.23
Time (s)
THD= 3.66%
4

w
L

Mag (% of Fundamental)
L&)

=
b
"
]
3
3

0 2 4 6 3 10 12 14 16
Harmonic order

(©)
Figure 11. Harmonic disturbances in supply currents in the absence of PSO-DAPF (>0.1s)

Int J Pow Elec & Dri Syst, Vol. 17, No. 2, June 2026: 1165-1176



Int J Pow Elec & Dri Syst ISSN: 2088-8694 g 1173

In contrast to existing DAPF and PI-controlled systems, the proposed PSO-DAPF achieves a
significantly lower THD (<4%), maintains unity PF under all loading conditions, and provides stable reactive
power support. Previous studies have shown limitations such as slow dynamic response, higher residual
harmonics, or unstable operation during G2V/V2G transitions. The present work demonstrates that PSO-
based current optimization and SEU-assisted filtering effectively overcome these limitations, offering
improved waveform quality and better compliance with IEEE-519 standards.

Figure 12 illustrates the system performance during grid-to-vehicle (G2V) operation, where the DC-
bus voltage and AC-side voltage/current waveforms demonstrate stable and efficient EV battery charging.
The DC-link voltage remains regulated with minimal fluctuations, indicating effective converter control and
balanced power transfer. In addition, the AC-side waveforms remain smooth and synchronized, confirming
good power quality and reliable charging performance under G2V mode.

Figure 13 presents the vehicle-to-grid (V2G) operation, where the EV battery supplies power back
to the utility grid through controlled discharging. The AC-side current reverses direction while maintaining
synchronization with the grid voltage, demonstrating successful bidirectional power flow. The stable DC-bus
and smooth AC-side waveforms validate the effectiveness of the proposed control strategy in ensuring
reliable energy transfer and grid support during V2G operation

Table 2. Parameters considered for the proposed model

S.No Quantities Specifications
1 Grid voltage 380 V and 50 HZ
2 DC link voltage Vdc =300 V C = 3000 uF
3 Solar energy unit  35v, 8 A, 4.5 KW
4 EVC station (A-N) R = 26.66 ohms, L =12 mH &
(C-N) R =36.66 ohms L =10 mH
5 Impedances Zs =0.05 mH RI = 0.02 ohms
XI=0.1mH
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The proposed system maintains stable operation during G2V and V2G transitions. Figure 12 shows
smooth DC-link voltage and controlled AC-side currents during G2V charging. Figure 13 illustrates the
controlled power flow from EV to the grid during V2G discharge. These results support the claim that the
system ensures continuous power flow and maintains PQ standards under both operating modes. It is evident
from Table 3 that PSO-DAPF successfully alleviates the harmonics at the grid's CCP.

Table 3. Parameters considered for the proposed model
Parameter  Absence of DAPF  Activation with PI-DAPF _ Activation with PSO-DAPF

PF 0.95 1 1
THD

la 19.1 2.3 2.3

Ib 26 17 1.6

Ic 24.3 3.6 3.6

4.  CONCLUSION

This research presents a model that effectively accounts for the reactive power required at CCP and
reduces harmonics. | cosine PSO-controlled DAPF successfully lowers the %THD of source current to a
significant level, as demonstrated by comparison with other conventional techniques. The model gives the
load supply continuity. From the solar unit attached to DAPF's DC link end, the presented system provides
the active power required under grid disturbances.

The simulation results confirm that the proposed model effectively performs multiple power quality
improvement functions under various operating conditions. The DAPF successfully provides reactive power
compensation at the common coupling point (CCP), which helps in maintaining voltage stability and
reducing reactive power demand from the grid. The system also achieves unity power factor (UPF) at the
CCP, ensuring efficient power transfer and minimizing energy losses. In addition, the source current
waveforms show a considerable reduction in total harmonic distortion (%THD), demonstrating the
effectiveness of the proposed control strategy in harmonic mitigation and power quality enhancement. The
results further indicate that the electric vehicle charging (EVC) station receives active power from the solar
energy unit (SEU) through the DAPF, eliminating the need for additional power converters and thereby
reducing system complexity and cost.

Compared with existing approaches, the proposed method provides better harmonic suppression,
faster transient response, and improved overall power quality during bidirectional EV operation. The system
maintains stable operation during both charging and discharging modes, ensuring reliable power exchange
between the EV, grid, and renewable energy source. These results demonstrate that the proposed technique
offers superior performance over conventional DAPF and intelligent-control methods reported in recent
studies.
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