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 Electric vehicles (EVs) can act as distributed energy storage units in smart 

grids through vehicle-to-grid (V2G) and grid-to-vehicle (G2V) operations. 

However, large-scale bidirectional EV charging introduces power quality 

issues, including harmonic distortion and DC-link voltage fluctuations. This 

paper presents a PSO-tuned modified dq (MDq) control strategy for a 

bidirectional EV charging system operating under V2G and G2V modes. A 

transformer-less bidirectional DC–DC converter and a grid-connected 

voltage source inverter with an LCL filter are modeled to enable controlled 

power exchange between the EV battery and the grid. Particle swarm 

optimization (PSO) is employed to optimally tune the controller gains using 

a multi-objective fitness function that minimizes grid current harmonics, 

DC-link voltage error, current ripple, and settling time. Simulation results 

obtained in MATLAB/Simulink demonstrate that the proposed MDq 

controller significantly outperforms conventional PI and MDq-PI controllers, 

achieving a grid current total harmonic distortion (THD) of 2.39% while 

maintaining stable DC-link voltage and fast dynamic response. The proposed 

approach enhances power quality, grid stability, and operational reliability, 

making it suitable for intelligent EV charging in smart grid applications. 
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1. INTRODUCTION 

Future energy generation should employ more renewables and clean vehicles to reduce dependence 

on conventional fuels due to climate change, pollution, and health risks [1]-[4]. New CO2 emission-

controlling policies have expanded renewable power production and electric vehicle (EV) use in multiple 

applications. Distribution uses renewable sources like solar and wind. Photovoltaics and wind sources create 

variable power due to their dynamic input energy. Power imbalances like this can cause grid uncertainty, line 

congestion, and distribution transformer overload during low power. Due to their slow reaction times, 

traditional generators cannot handle such sudden power changes. Advanced power electronic battery energy 

storage system (BESS) interfaces lower net system and operating costs, and provide high rates and fast 

response times for renewable energy applications. EV batteries can supplement renewable energy sources 

with smaller batteries to minimize solar power variability [3]. 

EVs still spend over 95% of their time parked at lunchtime and 50% at home, even though they are 

becoming more integrated into the distribution grid. A household in a developed country likely has two cars, 

at least one of which is parked at home. References show that 90% of cars are parked at home for 1/3 of 24 

hours. These studies show that EVs drive short distances and park much of the day. This means an EV will 

likely be parked and plugged in. If left plugged in and grid-connected, EVs can provide vehicle-to-grid 
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(V2G) and grid-to-vehicle (G2V) services. This method can help distribution system operators (DSOs) save 

money on BESS purchases and maintenance [4]. 

Power converter topologies are being designed and built for bidirectional power flow in V2G and 

G2V applications [5], [6]. With added supplementary loads, this system will maintain vehicle and grid 

traction. Effectively managing battery bidirectional charging and draining can improve the system for 

renewable energy sources. While supporting these services, the project's battery system will remain crucial to 

the power source to improve the solution. 

Despite these advances, critical gaps remain in the literature: 

− Most existing controllers for bidirectional converters are designed with single-objective metrics or 

manual tuning, limiting their ability to balance multiple performance criteria such as total harmonic 

distortion (THD), transient response, and DC-link regulation. 

− State-of-the-art optimization techniques are not widely adopted for simultaneous tuning of all key 

controller gains in the bidirectional EV charging context. 

− Prior studies provide limited comparative performance analysis between optimized control strategies and 

traditional methods under both V2G and G2V operating conditions. 

− Few works integrate systematic multi-objective optimization into the controller design for power quality 

enhancement in grid-connected EV charging systems. 

To address these gaps, this paper proposes a particle swarm optimization-tuned modified dq  

(MDq) control strategy for bidirectional EV charging systems, which uses a multi-objective fitness function 

to optimally tune controller gains, achieving improved harmonic mitigation, enhanced DC-link voltage 

stability, reduced current ripple, and accelerated dynamic response. 

The rest of the document is organized as, proposed EV fed smart grid system in section 2, while 

integrated renewables and EVs are among the components of the modern grid that are the subject of section 3's 

modeling and control. Section 4 delineates the settings and conditions of the simulation along with analysis of 

the results, and section 5 presents the conclusion. 

 

 

2. PROPOSED SYSTEM 

The purpose of V2G model is to balance peak energy demand and supply while also improving the 

incorporation of variable renewables into smart grid as shown in Figure 1. V2G, as opposed to typical 

systems, allows for bidirectional power transmission when charging EV batteries. When parked, an EV or 

group of EVs can either draw from or deliver power to grid. 
 

 

 
 

Figure 1. Block diagram of proposed topology 

 

 

2.1.  Electric vehicle battery 

An appropriate battery model is required to accurately represent the features of an EV battery. 

Battery modeling can be approached in three ways: experimentally, electrochemically, and electrically [7]. The 

electric circuit-based model was adopted for current work due to its ability to precisely reflect the electrical 

properties of the battery [8]. Figure 2 shows the Shepherd Model, which consists of a regulated voltage source in 

series with internal resistance. The circuit parameters can be changed to reflect a precise battery model and 

discharge behavior [9]. A conventional discharge curve is separated into 3 portions, as illustrated in Figure 3. 

For the Li type of battery, model utilizes (1)-(4) [10]: 

Discharge [i⋆>0] 
 

𝑓1(𝑖𝑡, 𝑖⋆, 𝑖, 𝑇, 𝑇𝑎) = 𝐸0(𝑇) − 𝐾(𝑇) ⋅
𝑄(𝑇𝑎)

𝑄(𝑇𝑎)−𝑖𝑡
⋅ (𝑖⋆ + 𝑖𝑡) + 𝐴 ⋅ exp(−𝐵 ⋅ 𝑖𝑡) − 𝐶 ⋅ 𝑖𝑡 (1) 
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𝑉batt (𝑇) = 𝑓1(𝑖𝑡, 𝑖⋆, 𝑖, 𝑇, 𝑇𝑎) − 𝑅(𝑇) ⋅ 𝑖 (2) 

 

Charge [i⋆<0] 

 

 𝑓1(𝑖𝑡, 𝑖⋆, 𝑖, 𝑇, 𝑇𝑎) = 𝐸0(𝑇) − 𝐾(𝑇) ⋅
𝑄(𝑇𝑎)

𝑖𝑡+0.1)(𝑇𝑎)
⋅ 𝑖⋆ − 𝐾(𝑇) ⋅

𝑄(𝑇𝑎)

𝑄(𝑇𝑎)−𝑖𝑡
⋅ 𝑖𝑡 + 𝐴 ⋅ exp(−𝐵 ⋅ 𝑖𝑡) − 𝐶 ⋅ 𝑖𝑡 (3) 

 

𝑉batt (𝑇) = 𝑓1(𝑖𝑡, 𝑖⋆, 𝑖, 𝑇, 𝑇, 𝑇𝑎) − 𝑅(𝑇) ⋅ 𝑖 (4) 
 

 

 
 

Figure 2. Discharge battery model [4] 
 

 

 
 

Figure 3. Battery characteristics 

 

 

2.2.  Bidirectional charger 

Bidirectional charger model is as shown in Figure 4. The buck/boost topology, as shown in Figure 5, 

is the most fundamental architecture. However, because there is no electrical separation between the input 

and output, implementing soft switching might be difficult. Non-isolated converters are often used as 

interfaces for on-board power sources under DC conversion ratio is minimal, due to their simple design, 

small size, and high efficiency [11], [12]. 
 

 

  
  

Figure 4. Bidirectional charger Figure 5. Buck-boost converter 
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The performance of the battery in the bidirectional charger system is characterized by several key 

parameters, which define its voltage behavior, capacity, and internal resistance under varying temperature 

and load conditions. These parameters, along with their typical values, are summarized in Table 1. 
 

 

Table 1. Battery model parameters 
Symbol Description Units/typical values 

E₀(T) Open-circuit voltage as a function of temperature Volts (V), 3.6–4.2 V 

K(T) Polarization constant (temperature-dependent) V/Ah, 0.01–0.1 V/Ah 

Q(Tₐ) Battery capacity at ambient temperature Ampere-hour (Ah), 10 Ah 
it Extracted/charged capacity Ah 

i* Filtered current (dynamic current term) Amperes (A) 

i Instantaneous current Amperes (A) 
R(T) Internal resistance (temperature-dependent) Ohms (Ω), 0.2 Ω 

A Exponential zone amplitude Volts (V), 0.04 V 

B Exponential zone time constant inverse 1/Ah, 3×10⁶ 1/Ah 
C Linear voltage drop coefficient Volts/Ah (V/Ah) 

T Battery operating temperature °C 

Tₐ Ambient temperature °C 

 

 

Figure 6 shows the topology of a 3ф VSI. Through the filter, converter is fed to the grid. The ideal 

AC grid voltages are designated as ea, eb, and ec, and supply currents as ia, ib, and ic. Filter's inductance is 

represented as L, where R is the resistance. C represents the DC capacitor, whereas udc and idc denote the DC 

voltage and current. DC load is modeled as a series resistance. 

The VSI output currents have been corrected using a high-order LCL filter in place of the 

sophisticated L-filter [4], [8]. In grid-connected inverter systems, passive filters like the L, LC, and LCL 

filters are employed to reduce harmonic distortion. The grid receives the filtered, harmonic-free current that 

the LCL filter successfully smooths out of the inverter's output. It provides high harmonic rejection even with 

modest inductor and capacitor values. 

A considerable voltage drop is observed across the L filter [13]. To address this, a high-order LCL 

filter was used instead of a conventional L-filter to increase the voltage source converter's (VSC) output 

currents. L filters, LC filters, and LCL filters, are widely used passive filters to minimize harmonics in grid fed 

inverter systems. The LCL filter is especially successful at smoothing the inverter's current output, sending 

harmonic-free current to the grid. It achieves excellent harmonic suppression with relatively tiny inductor and 

capacitor values. The schematic of this filter, showing the inverter-side inductor 𝐿1, grid-side inductor 𝐿2, 

filter capacitor 𝐶𝑓, damping resistor 𝑅𝑑, and associated currents and voltages, is illustrated in Figure 7. 

 

 

  
  

Figure 6. VSC Figure 7. LCL filter 

 

 

3. CONTROL STRATEGY 

3.1.  Buck-boost 

Serving as a step-down and step-up converter, the buck-boost DC/DC converter may change the 

input voltage into a lower or higher output voltage. Adjusting the duty cycle allows you to increase or 

decrease the output voltage. 

The structure of the DC-DC converter is shown in Figure 8. In the figure, U1 and U2 are the voltage 

of the low and high voltage terminals of the DC-DC converter (V), I1 and I2 are the current of the low and 

high voltage terminals of the DC-DC converter (A), C1 and C2 are the filter capacitor (F), L is the inductor 

(H), D1 and D2 are the diode, S1 and S2 are the insulate-gate bipolar transistor (IGBT). 
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Figure 8. Structure of the DC-DC converter 
 

 

Figure 9 depicts the current flow throughout the operation. In buck mode presented in  

Figures 9(a) and (b), assuming the converter operates in continuous conduction, the association between input and 

output voltages (U1 and U2) is provided by Dc1=U2/U1, where Dc1 denotes duty cycle. The inductor current (iL) 

passes left to right. During the interval 0 <t≤Dc1Ts, Q1 in ON and Q2 in OFF, leading to a rise in iL. For Dc1Ts<t≤Ts, 

Q1 shuts off and Q2 turns on, leads iL to reduces. The power passes from source V1 to the load at V2 side.  
 

 

  
(a) (b) 

 

Figure 9. Buck mode; (a) 0<t≤Dc1Ts and (b) Dc1Ts<t≤Ts [14] 
 
 

Figure 10 depicts the current path throughout the entire operation. As presented in  

Figures 10(a) and (b) under boost mode, it is also expected that converter runs in continuous conduction 

mode. The association between input and output voltages (U1 and U2) is stated as U1/U2=1/(1-D2), where Dc2 

is the duty cycle. Inductor current, iL, moves from right to left. During the interval 0<t≤Dc2Ts, Q1 turns OFF 

and Q2 turns ON, causing iL to rise. For Dc2Ts≤t≤Ts, Q1 turns ON and Q2 turns OFF, resulting in a drop in iL. 

The stored energy in inductor, combined with the DC power from V2, is delivered to the load on at V1 side.  
 

 

  
(a) (b) 

 

Figure 10. Boost mode; (a) 0<t≤Dc2Ts and (b) Dc2Ts≤t≤Ts 

 
 

A DC-DC converter can be controlled in two ways: open-loop or closed-loop mode. In the case of a 

DC battery charger, the input voltage is usually taken as constant [15]. As a result, open-loop control is 

employed to modulate the terminal voltage applied to the battery by varying the duty cycle. Subsection 3.1 

explains the link between terminal voltage (U2) and duty cycle [16]. 

Table 2 summarizes the operating modes of the proposed converter, detailing the switching 

intervals, switching conditions, inductor current behavior, voltage relationships, and corresponding power 

flow characteristics in both buck and boost modes. 

 

3.2.  AC-DC converter control 

Three-phase converter consist of three source voltage vectors that are spaced 120° apart in phase 

domain. Voltages are given by (5)-(7): 
 

Va=Vm cos (θe) (5) 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

PSO-tuned bidirectional converter for intelligent electric vehicle … (Devarakonda Balasubramanyam) 

975 

Vb=Vm cos (θe-120◦) (6) 
 

Vc=Vm cos (θe-240◦) (7) 
 

 

Table 2. Modes of operation 

Mode Interval 
Switching 

condition 

Inductor current 

behavior 

Voltage 

relationship 
Power flow 

Buck 

mode 

0<t≤Dc₁Ts Q₁ ON, Q₂ OFF Increases (rising) Dc₁=U₂/U₁ Power flows from input source (V₁) to load 

(V₂) 
Dc₁Ts<t≤Ts Q₁ OFF, Q₂ ON Decreases (falling) Dc₁=U₂/U₁ Energy stored in the inductor continues to 

supply load 

Boost 
mode 

0<t≤Dc₂Ts Q₁ OFF, Q₂ ON Increases (rising) U₁/U₂=1/(1-Dc₂) Energy stored in the inductor builds up 
Dc₂Ts≤t≤Ts Q₁ ON, Q₂ OFF Decreases (falling) U₁/U₂=1/(1-Dc₂) Stored energy in inductor and DC power 

from V₂ supply the load at V₁ side 

 
 

The conversion from the 3ф abc components to the stationary two-phase d-q components is 

demonstrated using voltage (8)-(10): 
 

Va=Ria+Ldia/dt+Via (8) 
 

Vb=Rib+Ldib/dt+Vib (9) 
 

Vc=Ric+Ldic/dt+Vic (10) 
 

In Figure 11 the SRF-PLL, a feedback loop controls the angular position of the dq rotating frame. 

For small angles between ωt and θ, Vm sin (ωt-θ) can be written as Vm (ωt-θ). When supply voltage is 

optimally aligned with the d component, the q component of grid voltage becomes zero. The SRF-PLL 

control loop's large bandwidth allows for quick and accurate detection of grid phase angle when the grid 

voltage is free of imbalance or harmonics [17]-[20]. However, if the grid voltage is distorted and contains 

higher-order harmonics, the control loop's bandwidth must be decreased. The most commonly used low-

frequency (LF) controller is the PI controller, which functions as a first-order low-pass filter; however, it is 

not effectively rejects disruptions generated by dominant higher harmonics in a low voltage grid [21]-[25]. 
 

 

 
 

Figure 11. SRF-PLL algorithm 
 

 

The converter produces an output that is not a perfect sine wave. An LCL filter is designed to 

minimize current harmonics when power is fed into the grid. If the grid is regarded as an ideal voltage 

source, the transfer function of the LCL filter is as follows: 
 

ig(s)/ Ui(s)|Ug(s)=0= 1/(L1L2Cf)s3+(L1+L2)s  
 

Numerical coefficients: 
 

L1·L2·Cf=(5×10⁻³)(5×10⁻³)(30×10⁻⁶)=7.5×10⁻¹⁰ 

L1+L2=0.01 
 

Final numerical transfer function: 
 

Ig(s)/Ui(s)|Ug(s)=0=1/(7.5×10⁻¹⁰ s³+0.01 s)=1/[s(7.5×10⁻¹⁰ s²+0.01)] (11) 
 

In Figure 12, shunt controller (ShC) with MDq controller is fed. It offsets the demand for reactive 

power. The ShC in this instance compensates harmonics and reactive component of load current (L1). ShC 

controls voltage across the DC link as well. The suggested shunt control approach is shown in Figure 5. In 

this case, load currents were converted to dq0 components provided by (12): 
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ILdq0 =  Ts ∗ ILabc (12) 
 

where, Ts is transformation matrix 
 

   Ts =
2

3
[

Cos [ѳ] Cos [ѳ − 120] Cos [ѳ + 120]

−Sin [ѳ] −Sin [ѳ − 120] −Sin [ѳ + 120]
1/2 1/2 1/2

] (13) 

 
 

 
 

Figure 12. Shunt control with modified Dq- PSO technique [15] 
 

 

The DC component of Id is extracted using a low pass filter. In order to stabilize dc link voltage, 

response of the PI controller is aided with direct axis component of IL. Reference current's d and q 

components are thus given by (14) and (15):  
 

𝐼𝑟𝑒𝑓
𝑑 = 𝐼𝐿𝑑 + 𝛥𝐼𝑑𝑐 (14) 

 

𝐼𝑟𝑒𝑓
𝑞

=  ILq (15) 

 

Once more, the reference currents' dq0 components are converted into an ABC component frame using (16): 
 

Iref
abc =  Ts

−1 ∗  Iref
dq0

 (16) 
 

For alleviating reactive power and harmonic components in source current, controller gate pulses are 

produced using hysteresis. The PSO technique is utilized to calculate the PI controller gain values in this 

model. This approach replaces the conventional PI controller methodology. 

 

3.3.  Particle swarm optimization technique 

PSO is an evolutionary computation technique that replicates swarm behavior, such as flocks of 

birds looking for food in a certain area. The PSO algorithm searches the search space for the best solution to 

a fitness function. It evaluates its success based on each particle's mobility and coordination within the 

swarm. Each particle moves at random, affected by the swarm's collective experience and its most  

well-known position. It works toward both the current best global position, Xgb, and its personal best 

position, Xpb. Figure 13 shows the PSO algorithm that was implemented. The PSO algorithm's fundamental 

rules are as follows: i) evaluate particle fitness value, ii) update global best position and fitness, and  

iii) update particle velocity and position. 

Let the position vector is Xi=[xi1, xi2, ... xin] and velocity vector is Vi=[vi1, vi2, … vin] in search space. 

Each particle velocity and position are updated using (17) and (18): 
 

Vi
k+1  =  w. Vi

k  +  c1  . r1  [Xpb
k  −  Xi

k] +  c2  . r2 [Xgb
k  −  Xi

k] (17) 
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 Xi
k+1  =  Xi

k  +  Vi
k+1 (18) 

 

Where I is index of particle, w is the inertia, r1 and r2 are random values, c1 and c2 are coefficients. The 

initialization values for PSO algorithm are show in Table 3. Below is the PSO fitness function considered to 

minimize. 

 

J=w1*THD_grid+w2*RMSE(Vdc_error)+w3*I_ripple_index+w4*SettlingTime_index (19) 

 

where weights (w1.w4) used in the presented simulations are w1=0.5, w2=0.2, w3=0.2, and w4=0.1. 

 

 
Initialization:

Random Vector(xi), Velocity vector (vi)
Start 

N=no. of particles, K=no. of iterations, ω=Inertia
Constant, C1 & C2=Cognitive Coefficients.

Control 

Objective not 

violated

Iteration=K+1

Evaluate the fitness value for each particle

Min. Objective 

Function

Compare each particle fitness value with the 
current particle to detect Xpbest

Compare the fitness value with the overall 
particle to detect Xgbest

Update the velocity and position of particles

Max. Iteration 

Control 

Objection not 

Violated

Control 

Objection not 

Violated

Optimum Control Parameter=Xgbest

End 

End 

K=0

Yes Yes

Yes

Yes Yes

No

NoNo

No

No

 
 

Figure 13. Flowchart of PSO algorithm 

 

 

The PSO has the following benefits: i) PSO’s global search reduces likelihood of local minima in a 

multi-modal gain landscape, ii) the composite fitness function simultaneously penalizes harmonic content 

and DC-link deviation, and iii) the MDq-PI structure benefits from PSO’s ability to tune multiple interacting 

gains for both d and q channels. 

 

 

Table 3. PSO initialization values 
Parameter Value 

Inertia, w 0.7 
C1, C2 1,0 

Fitness 1 

Vmax, Vmin 1,-1 
Swarm size 40 

 

 

4. RESULTS AND DISCUSSION 

Table 4 presents the specifications considered for the proposed system modelling, which consists of 

battery, load, source, DC link voltage, and frequency of switching. 
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Table 4. PSO initialization values 
Circuit element Parameter Values 

Battery Nominal voltage 360 V 
Rated capacity 500 Ah 

Initial SoC 50% 

Battery response time 0.9 sec 
Load (RL) Resistance (R) 0.5 mΩ 

Inductance (L) 25 mH 

Load (RC) Resistance (R) 0.5 mΩ 
Capacitance (C) 0.525 mF 

3 Phase AC source Phase voltage 230 Vrms 

Line voltage 415 Vrms 
Frequency 50 Hz 

Grid filter LCL filter (inductance) 5 mH 

Capacitance 30 μF 
Inductance 5 mH 

DC link Capacitor 6600 μF 

Resistor 1.5 mΩ 
Switching frequency For IGBT 15 kHz 

 

 

4.1.  Battery charger simulation 

Figure 14 depicts the overall Simulink model of the battery charger, which contains a battery, a 

constant DC voltage source, and a DC-DC converter. It is vital to remember that UG and LG are PWM 

control signals for the top and lower MOSFETs, respectively. 
 

 

 
 

Figure 14. The simulation of the V2G and G2V system 
 
 

Figure 15 shows that both signals are outputs from the battery controller. The control approach is based 

on open-loop regulation of the duty cycle, which is achieved by providing a constant voltage reference at the left 

port of the DC-DC converter that matches to the battery's terminal voltage. If the voltage reference exceeds the 

battery voltage. When the voltage drops, the battery goes into charging mode, resulting in a negative current 

value. Conversely, if the voltage reference is lower than the battery voltage, the discharging current is positive. 

However, if the charger is only used in open-loop mode, the battery may experience troubles where the current 

surpasses the maximum permitted battery current, IMAX, batt, as shown in Figure 16. 

 

4.2.  Vehicle-to-grid and grid-to-vehicle simulation 

 The control algorithm has been devised to allow for bidirectional power flow. In V2G mode, the 

vehicle battery discharges to the grid or load. In G2V mode, power is transferred from the grid to the vehicle. 

In this mode the vehicle charges. 

In V2G mode, the PLL algorithm gives critical information on the phase angle of both voltage and 

current, as well as frequency. This information can be used by modified-DQ control algorithm to deliver 

power in sync with the grid. Because the VSC output contains current harmonics, an LCL filter is used to 

smooth the output before it is fed into the grid. Voltage and currents are presented in Figures 17 and 18 

depict battery performance, grid three phase current-voltage, in V2G operation. 
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Figure 15. Battery charger simulation 
 

 

 
 

Figure 16. Battery charger controller 
 

 

 
 

Figure 17. Three phase grid voltages and current in V2G mode 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 15, No. 2, April 2026: 970-985 

980 

 
 

Figure 18. Battery performance in V2G mode 

 

 

Figure 19 depict DC link voltage and Figure 20 depict under V2G mode, validating the topology's 

V2G grid operation. This state of zero phase difference indicates that a suitable phase-lock loop is regulated 

and synchronized. Figure 21 demonstrate battery performance, grid three phase current-voltage, and  

Figure 22 DC-link voltage accordingly in G2V operation. Figure 23 shows that the grid voltage and current 

waveforms are 1800 degrees out of phase, indicating that the topology's G2V grid operation is correct. 
 

 

 
 

Figure 19. DC link voltage in V2G mode 
 

 

 
 

Figure 20. Real power in V2G mode 
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Figure 21. Battery performance in G2V mode 

 

 

 
 

Figure 22. DC link voltage in G2V mode 
 
 

 

 
 

Figure 23. Three phase grid voltages and current in G2V mode 

 

 

4.3.  Total harmonic distortion in single battery vehicle-to-grid and grid-to-vehicle operation  

Figures 24(a) and (b) illustrate the FFT analysis and corresponding %THD of the grid current 

without and with the traditional controller, respectively. Figure 24(c) presents the FFT analysis of the 

proposed method, where the %THD is reduced to 2.39% in the MATLAB FFT window. This value is 

significantly lower than the IEEE standard limit of 5% (519–1992), demonstrating the improved harmonic 

performance of the proposed controller. 
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(a) 

 

 

(b) 

 

 
(c) 

 

Figure 24. FFT window of single battery V2G and G2V operation (a) %THD without dq-PI controller,  

(b) %THD with Mdq-PI controller, and (c) %THD with MDq controller 
 

 

Table 5 depicts the comparative performance of traditional and proposed control strategy in 

improving performance of the design by reducing harmonic distortion to provide quality power supply to the 

load. It clearly present proposed methodology dominance over traditional techniques by achieving 2.39% of 

THD with in standards. 
 
 

Table 5. Performance comparison in terms of % THD and PF 
Terms PI Mdq-PI Proposed MDq PI 

P F 0.88 0.98 0.98 
%THD 

Source current Is 14.41 12.90 2.39 
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5. CONCLUSION 

This research introduced a MDq control technique for a bidirectional EV charging system in V2G 

and G2V modes. To test system performance under actual grid settings, MATLAB/Simulink was used to 

simulate an EV battery, bidirectional DC–DC converter, grid-connected voltage source inverter, and LCL 

filter. The MDq controller outperforms conventional PI and MDq-PI controllers in power quality and 

dynamic performance, with grid current THD reduced to 2.39%, stable DC-link voltage regulation, near-

unity power factor, and faster transient response during bidirectional power flow. 

The proposed approach integrates multi-objective optimization into controller design to minimize 

harmonic distortion, voltage deviation, current ripple, and settling time, surpassing previous studies that used 

fixed-gain PI or heuristic dq-based controllers. While previous studies have improved individual performance 

metrics, this study shows that PSO-based tuning of the modified dq controller provides a balanced and robust 

solution for V2G and G2V operation, addressing key limitations in recent bidirectional charging literature. 

The findings confirm that optimized intelligent control significantly enhances grid stability and power quality 

in EV-integrated smart grids, contributing to more reliable and scalable bidirectional charging infrastructures. 

Future work will focus on experimental validation using a hardware prototype, extension to multi-EV 

charging stations, real-time implementation, and integration with renewable energy sources and higher-level 

energy management systems to further assess the practical applicability of the proposed control strategy. 
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