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Abstract: This project presents an enhanced bidirectional 

wireless power transfer (BWPT) system for electric vehicle 

(EV) applications, utilizing Particle Swarm Optimization 

(PSO)-based Sliding Mode Control (SMC) with Phase Shift 

Modulation (PSM) for superior performance. The BWPT 

system enables seamless Grid-to-Vehicle (G2V) and Vehicle-

to-Grid (V2G) operations, addressing key challenges such as 

power factor management, dynamic efficiency, and power 

transfer rates. While conventional dual-phase shift Pulse 

Width Modulation (PWM) techniques improve power factor 

correction (PFC) in unidirectional wireless power transfer 

(WPT) systems, bidirectional systems demand advanced 

control strategies to manage dual-side power converters 

effectively. The proposed PSO-SMC control framework 

optimizes the phase shift parameters, ensuring precise power 

flow regulation, enhanced stability, and reduced switching 

losses under varying load and grid conditions. Simulation 

results in MATLAB/Simulink demonstrate that the PSO-

SMC with PSM significantly improves power factor, transfer 

efficiency, and overall system reliability, making it a robust 

solution for future EV charging infrastructure and smart grid 

integration. 

Keywords: Bidirectional charging, electric vehicle, wireless 

power transfer, vehicle to grid, coil structure, bidirectional 

DC/DC converters, smart charging, SMC. 

I. INTRODUCTION 

The rapid adoption of Electric Vehicles (EVs) is reshaping 

the transportation sector by reducing reliance on fossil fuels 

and mitigating environmental concerns such as greenhouse 

gas emissions and urban air pollution. However, the growing 

EV population poses major challenges in charging 

infrastructure, where conventional plug-in charging systems 

face issues of mechanical wear, user inconvenience, and 

safety risks. To overcome these drawbacks, Wireless Power 

Transfer (WPT) has emerged as a promising solution, 

providing contactless, safe, and efficient charging [1-2]. 

Building on WPT, Bidirectional Wireless Power Transfer 

(BWPT) allows both Grid-to-Vehicle (G2V) charging and 

Vehicle-to-Grid (V2G) discharging. This functionality 

enables EVs to operate not only as loads but also as 

distributed energy resources, supporting renewable 

integration, load balancing, and smart grid operations. Such 

capabilities make BWPT essential for next-generation 

sustainable energy ecosystems. 

Despite its potential, BWPT faces significant challenges in 

practical implementation. High Total Harmonic Distortion 

(THD) degrades power quality and stresses devices, while 

poor Power Factor Correction (PFC) reduces grid 

compliance. Coil misalignment during charging leads to 

reduced coupling efficiency and unstable operation, and 

efficiency losses due to switching and conduction further 

limit performance. These problems must be addressed to 

ensure reliable and large-scale deployment. 

This paper contributes an enhanced BWPT system that 

integrates Particle Swarm Optimization–Sliding Mode 

Control (PSO-SMC) with Phase Shift Modulation (PSM). 

The PSO algorithm dynamically tunes controller parameters, 

while SMC provides robustness against nonlinearities and 

disturbances. PSM regulates bidirectional power transfer with 

minimal switching losses. Together, these techniques 

significantly reduce THD, improve PFC, enhance efficiency, 

and maintain stability under coil misalignment. The proposed 

solution is validated through MATLAB/Simulink simulations 

for both G2V and V2G modes, demonstrating improved 

power quality, efficiency, and grid compatibility. 

II. Conventional Methodology 

A. Conventional BWPT Systems 

Conventional Bidirectional Wireless Power Transfer 

(BWPT) systems are designed to facilitate seamless energy 

exchange between electric vehicles (EVs) and the power grid 

in both Grid-to-Vehicle (G2V) and Vehicle-to-Grid (V2G) 

modes. These systems typically use high-frequency full-

bridge converters on both sides, which are paired with 

resonant compensation networks—such as LCC or LCCL 

topologies—to ensure efficient energy transfer and minimize 

losses. Power flow is regulated using phase-shifted 

modulation techniques, where the relative timing between 

converter switches determines the direction and amount of 

energy transferred. On the EV side, rectifiers are employed to 

convert AC to regulated DC for battery charging. Such 

configurations enable bidirectional operation without 

mechanical connectors, offering convenience, safety, and 

improved grid interaction. Despite their advantages, 

challenges such as harmonic distortion, reduced power factor, 

and sensitivity to coil misalignment still need advanced 

control strategies for practical deployment in large-scale EV 

charging networks [3-6]. 
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Fig 1: Block Diagram of Bidirectional Wireless Power 

Transfer System 

B. Limitations of Existing Control Methods 

Despite functional feasibility, traditional control approaches 

such as Phase Shift Modulation (PSM) and Proportional–

Integral (PI) controllers suffer from several drawbacks. PSM 

is efficient but sensitive to coil misalignment, bifurcation 

phenomena, and variations in load or grid conditions. It also 

struggles to maintain low Total Harmonic Distortion (THD) 

and effective Power Factor Correction (PFC) under dynamic 

operation. On the other hand, PI-based controllers provide 

simple voltage and current regulation but lack robustness 

against nonlinearities and parameter variations, often leading 

to oscillations and reduced efficiency. These limitations 

hinder reliable large-scale deployment of BWPT for smart 

grid applications. 

C. Research Gap 

The literature reveals a gap in achieving simultaneous THD 

reduction, PFC improvement, and efficiency enhancement 

under uncertain and dynamic conditions such as coil 

misalignment and load variations. While existing PSM and 

PI-based schemes provide partial solutions, they do not offer 

adaptive and resilient control across both G2V and V2G 

modes. This motivates the development of a hybrid control 

framework that combines optimization and nonlinear 

robustness, enabling stable, efficient, and grid-compliant 

BWPT operation. 

III. PROPOSED METHODOLOGY 

A. Overview of BWPT Architecture 

The proposed system adopts a high-efficiency Bidirectional 

Wireless Power Transfer (BWPT) architecture consisting of 

three main blocks: 

Grid Side Converter (Primary Inverter): Converts DC from 

the grid into high-frequency AC for wireless transmission. 

EV Side Converter (Secondary Inverter/Rectifier): Rectifies 

received AC to charge the battery in G2V mode or inverts 

stored DC to AC in V2G mode. 

LCC–LCC Resonant Compensation Network and Coupling 

Coils: Provides efficient magnetic coupling and soft-

switching, while mitigating losses during energy transfer. 

This dual-side architecture ensures contactless, efficient, and 

fully bidirectional energy flow between the grid and electric 

vehicle. 

 

B. Control Framework 

The control strategy integrates Particle Swarm Optimization 

(PSO), Sliding Mode Control (SMC), and Phase Shift 

Modulation (PSM) for robust and adaptive operation: 

PSM regulates bidirectional power flow by dynamically 

adjusting phase shift angles between primary and secondary 

converters. SMC provides nonlinear robustness, ensuring 

stable voltage and current regulation under disturbances such 

as load variation and coil misalignment. PSO optimizes SMC 

parameters in real time, reducing chattering, minimizing 

THD, and enhancing overall efficiency. Together, this hybrid 

control achieves low THD, improved Power Factor 

Correction (PFC), reduced device stress, and stable 

synchronization in both operating modes [7-8]. 

C. Operating Modes 

Grid-to-Vehicle (G2V): The grid-side inverter supplies high-

frequency AC through the coupling coils, rectified at the EV 

side to charge the battery. The PSO–SMC–PSM controller 

ensures smooth charging, high efficiency, and low harmonic 

distortion. 

 
Fig 2: Equivalent circuit of BWPT operation in G2V 

Vehicle-to-Grid (V2G): The EV battery discharges through 

the secondary inverter, inducing AC in the primary coil, 

which is rectified and fed back to the grid. The proposed 

control strategy ensures stable grid synchronization, 

minimized THD, and reliable power injection. 

 
Fig 3: Equivalent circuit of BWPT operation in V2G. 

D. Requirement Considerations 

The system’s functional requirements include enabling 

bidirectional energy transfer between the grid and electric 

vehicles (G2V and V2G), along with wireless charging 

through magnetic coupling. It incorporates a particle swarm 

optimization (PSO)-based sliding mode controller (SMC) to 

provide adaptive and robust control, ensuring real-time 
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minimization of total harmonic distortion (THD) and 

enhancement of power factor correction (PFC). The system is 

designed to maintain stable operation even under conditions 

of coil misalignment and load variation. The non-functional 

requirements focus on achieving high efficiency above 90% 

during typical operation, ensuring reliability under 

environmental disturbances, and providing scalability to 

accommodate different EV power levels. Additionally, the 

system must comply with electromagnetic interference 

(EMI), voltage, and thermal safety standards, while offering 

modularity and maintainability to support long-term 

deployment and ease of maintenance [9-13]. 

IV. SIMULATION MODEL 

A. MATLAB/Simulink Setup 

The proposed Bidirectional Wireless Power Transfer 

(BWPT) system was modelled and validated in the 

MATLAB/Simulink environment, which provides a robust 

platform for analyzing power electronic systems and 

advanced control algorithms. The simulation framework 

integrates high-frequency converters, LCC–LCC resonant 

compensation networks, and magnetic coupling coils to 

replicate practical wireless charging conditions under both 

Grid-to-Vehicle (G2V) and Vehicle-to-Grid (V2G) modes. In 

the G2V mode, energy flows from the grid to charge the 

electric vehicle battery, while in the V2G mode, stored 

battery energy is transferred back to the grid to support 

ancillary services. The simulation diagrams for G2V and 

V2G operation are presented in Figs. 4 and 5. Fig. 6 illustrates 

the control strategy integrating PSO, SMC, and PSM[14-17]. 

Fig 4: Simulation circuit for  Grid-to-Vehicle (G2V) 

Fig 5: Simulation Diagram for Vehicle-to-Grid (V2G) 

 

To regulate bidirectional power flow, a combined control 

strategy was implemented, incorporating Particle Swarm 

Optimization (PSO) for adaptive tuning of controller 

parameters, Sliding Mode Control (SMC) for nonlinear 

robustness, and Phase Shift Modulation (PSM) for precise 

bidirectional power regulation. Custom MATLAB functions 

were employed to optimize SMC gains using PSO in real 

time, ensuring accurate adjustment of duty cycles and 

modulation signals. This hybrid control architecture was  

 

 

Fig 6: Controlling Diagram with PSO SMC Controlled 

Phase shift Modulator 

tested under practical scenarios such as coil misalignment, 

coupling coefficient variations, and dynamic load changes, 

thereby validating the system’s stability and efficiency. 

B. Parameters Used 

The The BWPT system was designed for a rated power 

capacity of 3.7 kW with a grid input voltage of 325 V at 50 

Hz. The resonant compensation network was tuned to operate 

at high frequency, enabling soft-switching operation that 

minimizes switching losses and improves overall efficiency. 

SiC MOSFETs and IGBTs were modelled as switching 

devices to evaluate performance under realistic operating 

conditions, combining fast switching capability with high 

power-handling capacity. Critical circuit parameters included 

the inductance and capacitance values of the resonant 

network, the coil turns ratio, the coupling coefficient, and the 

selected switching frequency. On the vehicle side, the battery 

was modelled to operate within a voltage range of 220–325 

V, with charging and discharging currents determined 

dynamically by load demand. These parameters were 

carefully chosen to maximize power transfer efficiency, 

minimize harmonics, and ensure compliance with grid 

standards, while maintaining stable operation under both 
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aligned and misaligned conditions. The overall parameter 

design and control framework confirm the feasibility of the 

proposed BWPT system for reliable bidirectional energy 

transfer in electric vehicle applications. 

C. Measurement Setup 

To evaluate the effectiveness of the proposed control strategy, 

several performance metrics were measured within the 

simulation environment. Total Harmonic Distortion (THD) of 

both voltage and current waveforms was calculated using Fast 

Fourier Transform (FFT) analysis tools in 

MATLAB/Simulink. Power Factor (PF) was measured to 

assess grid compliance and active power transfer capability. 

Efficiency was determined by comparing input and output 

power across both G2V and V2G operations, accounting for 

switching and conduction losses. In addition, device stress 

was evaluated by monitoring current and voltage waveforms 

across MOSFETs and IGBTs, ensuring that the control 

strategy reduced peak stress and minimized thermal loading. 

Together, these measurements provided a comprehensive 

performance evaluation of the proposed BWPT system under 

varying load conditions, misalignment scenarios, and 

bidirectional power transfer modes [18-20]. 

 

V. RESULTS AND DISCUSSION 
Table 8.1: Comparison Table of THD Values in Grid to 

Vehicle mode 

 

 

The THD Comparison Table highlights the Total Harmonic 

Distortion (THD) values for output currents in both 

Conventional Phase Shift Modulation (PSM) and advanced 

PSO-SMC-based PSM controllers during Grid-to-Vehicle 

(G2V) and Vehicle-to-Grid (V2G) modes. Observing the 

data, it is evident that the PSO-SMC PSM controller 

consistently achieves lower THD values across all 

measurement points, including the primary side converter 

current, primary side coil current, secondary side converter 

current, and secondary side coil current. 

 

Table 8.2: Comparison Table of THD Values in Vehicle to 

Grid mode 

For example, in G2V mode, the primary side converter 

current THD is reduced from 5.74% (PSM) to 4.07% (PSO-

SMC PSM), and the secondary side coil current THD drops 

significantly from 5.14% (PSM) to 2.86% (PSO-SMC PSM). 

Similarly, in V2G mode, the improvement becomes even 

more remarkable, with the secondary side converter and coil 

currents exhibiting far greater reductions than those achieved 

in G2V mode. 

These results confirm that the advanced PSO-SMC-based 

PSM controller significantly reduces THD, thereby 

improving power quality and enhancing system performance 

in both operational modes. 

VI. CONCLUSION 

In Conclusion, this work proposes integrating a PSO-based 

Sliding Mode Controller (SMC) into the Bidirectional 

Wireless Power Transfer (BWPT) system to enhance the 

performance and reliability of electric vehicle (EV) charging. 

By using Particle Swarm Optimization (PSO) to fine-tune 

controller parameters, the system adapts to challenges such as 

power factor correction, harmonic distortion, and stability. 

The proposed controller maintains a high-power factor in 

both Grid-to-Vehicle (G2V) and Vehicle-to-Grid (V2G) 

modes, minimizing reactive power and improving energy 

efficiency. The Sliding Mode Control (SMC) approach 

increases robustness against load changes, parameter 

variations, and external disturbances. Fine-tuning the phase 

shift in Pulse Width Modulation (PWM) through PSO 

reduces Total Harmonic Distortion (THD), ensuring 

compliance with grid standards. Simulation results in 

MATLAB/Simulink confirm significant THD reduction, 

smoother power flow, lower switching losses, and enhanced 

system stability. THD is used as a key performance indicator 

for validating the controller’s effectiveness. The optimized 

control strategy also improves power transfer efficiency and 

extends the lifespan of system components by reducing 

unnecessary stress and losses. The approach is scalable to 

higher power systems and compatible with renewable energy 

integration, making it suitable for smart grid applications. 

Future work could incorporate machine learning algorithms 

to further enhance real-time adaptability. 

Overall, the PSO-based SMC offers a flexible, efficient, and 

resilient solution for managing bidirectional energy flow in 

EV charging systems. It contributes to achieving sustainable, 

stable, and intelligent power solutions, supporting the 

evolving energy landscape driven by electric mobility and 

distributed renewable generation. 

 VII. FUTURE ENHANCEMENT 

Future work on the proposed BWPT system can focus on 

several key directions. Hardware implementation and testing 

using real-time prototypes will validate simulation outcomes 

MODES Grid to Vehicle Mode 

Controller PSM 
PSO - SMC 

PSM 

Primary side Converter 

Current 
5.74 4.07 

Primary side Coil 

Current 
5.66 3.66 

Secondary side 

Converter Current 
5.02 3.68 

Secondary side Coil 

Current 
5.14 2.86 

MODES Vehicle to Grid Mode 

Controller PSM 
PSO - SMC 

PSM 

Primary side Converter 

Current 
5.21 3.42 

Primary side Coil 

Current 
5.41 3.54 
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and assess EMI, thermal stability, and reliability. 

Incorporating adaptive frequency control and AI-driven 

misalignment correction can enhance ZVS/ZCS stability and 

ensure robust charging under varying conditions. Integration 

with renewable energy sources and smart grids will enable 

advanced V2G/V2H applications, while real-time embedded 

deployment on DSPs or FPGAs can improve controller 

responsiveness and efficiency. Further, thermal and reliability 

modelling will help predict device lifespan, and exploring 

bidirectional EV-to-EV energy sharing can support 

emergency charging. Compliance with emerging standards 

such as ISO 15118 and SAE J2954/2 will improve safety and 

interoperability, while AI-based optimization can enhance 

predictive fault detection and grid balancing. Finally, techno-

economic analysis of cost, efficiency, and carbon savings will 

guide large-scale commercialization. 
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