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ABSTRACT 

The widespread adoption of electric vehicles (EVs) hinges on the development of efficient, convenient, and 

scalable charging solutions. Traditional plug-in charging systems, although widely used, present challenges 

such as slower charging times, wear on connectors, and reliance on fixed infrastructure. Wireless charging, 

employing inductive power transfer (IPT), presents a promising alternative by eliminating physical connectors 

and facilitating more flexible charging solutions. This paper provides an in-depth review of recent 

advancements in wireless charging technologies for EVs, focusing on key innovations, system efficiency, 

infrastructure integration, and performance metrics. In particular, it highlights the development of dynamic 

wireless charging systems, improvements in power transfer capabilities, automated vehicle alignment, and the 

potential integration with smart grids. The paper also discusses the primary barriers to adoption, such as high 

costs, standardization issues, and safety concerns, while identifying future research directions to overcome 

these obstacles. 
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I. INTRODUCTION 

The transition to electric vehicles (EVs) as a primary mode of transportation is gaining momentum due to their 

environmental and economic benefits. However, the adoption of EVs is heavily dependent on the development 

of efficient, convenient, and scalable charging infrastructure. While conventional plug-in charging stations 

remain the most common solution, these systems have several drawbacks, including slow charging speeds, 

physical wear on connectors, and dependency on fixed charging points. These limitations can cause 

inconvenience for users and may hinder the widespread adoption of EVs. Wireless charging technology, based 

on inductive power transfer (IPT), offers a promising alternative to traditional plug-in systems. This technology 

allows for the transfer of energy without physical connectors by using electromagnetic fields to transfer power 

between a stationary charging pad and a receiver on the vehicle. The wireless charging approach offers several 

potential advantages, including improved convenience, reduced maintenance costs, and the possibility of 

integrating charging systems into everyday infrastructure such as roads and parking areas. In addition, 

dynamic wireless charging, which enables EVs to charge while in motion, could help address concerns related 

to range anxiety and reduce the need for large, heavy batteries. This paper aims to review the current trends 

and advancements in wireless charging technology for EVs, examining key technological innovations, 

performance metrics, challenges to deployment, and future research directions that could lead to more 

efficient, scalable, and reliable charging solutions for electric vehicles. The transportation industry is 

undergoing a transformative shift with the rapid adoption of electric vehicles (EVs) as a more sustainable and 

eco-friendly alternative to conventional gasoline-powered vehicles. As the number of EVs on the road continues 

to grow, ensuring the availability of efficient, convinient, and reliable charging infrastructure has become a 

critical challenge. Traditional plug-in charging stations, while widely used, are often limited by issues such as 

slow charging speeds, physical connector wear and tear, and dependency on fixed charging locations. To 

address these limitations and enhance the user experience, wireless charging technology has emerged as a 

promising solution, offering greater convenience and efficiency for EV owners.  

II. METHODOLOGY 
1. Inductive Power Transfer (IPT): 

Systems Inductive power transfer (IPT) serves as the foundation of wireless charging technology. This system 

typically consists of two coils: a primary coil in the charging pad and a secondary coil in the vehicle. When 
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alternating current (AC) is supplied to the primary coil, it generates a magnetic field, which induces a current in 

the secondary coil located on the EV, transferring power to charge the vehicle’s battery. 

Recent developments in IPT systems have focused on enhancing their efficiency and extending their power 

transfer capabilities. Advanced coil designs and materials, such as superconducting coils, have been introduced 

to minimize losses and maximize efficiency. High-efficiency systems now approach or exceed 90%, narrowing 

the performance gap with traditional plug-in chargers. Furthermore, the development of larger, more powerful 

coils and innovations in resonance coupling techniques have enabled wireless charging at longer distances, 

improving the feasibility of faster charging. 

In recent years, significant advancements have been made in the development of wireless charging systems for 

electric vehicles, driven by research in improving efficiency, power transfer capabilities, and system 

integration. Despite these breakthroughs, several challenges remain in terms of cost, standardization, safety, 

and scalability. This paper aims to review the latest trends and innovations in wireless charging technology for 

electric vehicles, exploring the key principles, recent developments, and emerging trends in this field. It also 

highlights the technical and practical challenges that need to be overcome to make wireless charging a viable 

and mainstream solution for EVs. 

 

Figure 1: 

The growing interest in wireless charging is not just limited to private consumer vehicles but also includes 

public transport and fleets, where large-scale deployment could improve overall operational efficiency. This 

review will discuss the progress made in wireless charging technologies, including the development of high-

efficiency charging systems, improvements in dynamic charging infrastructure, automated vehicle alignment 

systems, and the potential for integration with smart grid technologies. Finally, the paper will identify future 

research directions aimed at addressing the remaining challenges and paving the way for the widespread 

adoption of wireless charging in the global EV ecosystem. 

To overcome these issues, wireless charging technology has emerged as a promising solution, offering a more 

convenient and potentially more efficient way to charge EVs. Wireless charging relies on the principle of 

inductive power transfer (IPT), using electromagnetic fields to wirelessly transfer energy from a stationary 

charging pad to a vehicle’s receiver. This eliminates the need for physical connectors, allowing for a more 

seamless user experience. In addition to offering convenience, wireless charging holds the potential to be 

integrated into existing infrastructure, such as roads and parking lots, enabling ubiquitous charging 

capabilities. A particularly exciting prospect is the development of dynamic wireless charging systems, where 

vehicles can be charged while in motion. This technology could address key concerns such as range anxiety, 

reduce the reliance on large, heavy batteries, and support longer trips without the need for frequent charging 

stops. 
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In recent years, significant progress has been made in advancing wireless charging technology for electric 

vehicles. Innovations have focused on improving power transfer efficiency, enhancing system integration, and 

optimizing the design of wireless charging systems. However, challenges remain in areas such as cost, 

standardization, safety, and scalability. These barriers must be addressed before wireless charging can become 

a widespread and commercially viable solution for EVs. 

2. Dynamic Wireless Charging: 

One of the most exciting innovations in wireless charging is dynamic wireless charging, where EVs can charge 

while they are in motion. This technology involves embedding charging pads into roadways or highways, which 

enables vehicles to receive continuous power as they travel. Such a solution could significantly reduce the 

reliance on large, heavy batteries, as vehicles could potentially be powered during their journey, eliminating the 

need for frequent stops for recharging. 

While research into dynamic wireless charging is still in the experimental phase, prototype systems have 

demonstrated that moving vehicles can be charged in real-time, and the concept holds great promise. Large-

scale deployment, however, requires significant infrastructure investments. The idea of charging while driving 

offers considerable potential to reshape the electric vehicle infrastructure, particularly in urban environments 

and along major highways. 

This paper provides a comprehensive review of recent developments in wireless charging technology for 

electric vehicles. It explores the underlying principles of inductive power transfer, current advancements in 

charging efficiency, and the potential for integrating wireless charging systems into public infrastructure. The 

review also discusses key challenges facing the deployment of wireless charging technology, including issues of 

cost, safety, and interoperability. Finally, the paper outlines future research directions that could help address 

these challenges and further accelerate the adoption of wireless charging, ultimately contributing to the 

development of a sustainable and efficient electric vehicle ecosystem. 

III. MODELING AND ANALYSIS 

 

Figure 2: Inductive power transfer 

IV. RESULTS AND DISCUSSION 

Technology Name Advantages Disadvantages 

Inductive Charging 

Easy to implement, operate with high 

efficiency (up to 90%) over short 

distances (410 cm). 

Low efficiency if the coils 

are misaligned. 

Dynamic 

Wireless Charging (DWC) 

Extends driving range, reduces battery 

size and cost. 
Complex implementation. 

V. CONCLUSION 

Charging systems, Innovations in inductive power transfer, dynamic charging, and automated alignment are 

enhancing the efficiency and convenience of wireless charging infrastructure. However, significant challenges 

remain, including high deployment costs, standardization, and safety concerns. As research continues and 
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infrastructure evolves, wireless charging is poised to become a key component of the sustainable, electric-

powered transportation system of the future. 

Recent developments in electric vehicle (EV) technology are driving a significant transformation in the 

transportation sector, making it more sustainable, efficient, and convenient. The accelerated adoption of EVs is 

being fueled by advancements in battery technology, charging infrastructure, and a growing global commitment 

to reducing carbon emissions. Key trends, including the emergence of high-performance, long-range batteries, 

the expansion of fast-charging networks, and the increasing implementation of wireless and dynamic charging 

solutions, are redefining how electric vehicles are powered and recharged. Furthermore, innovations such as 

automated vehicle alignment and smart grid integration offer exciting prospects for improving the efficiency, 

convenience, and scalability of EV systems. 
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