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Abstract: The surge in electric vehicles (EVs) has really ramped up the need for charging 

infrastructures that are efficient, reliable, and sustainable. While traditional plug-in systems do the job, 

they come with some notable drawbacks, like convenience issues, range anxiety, and limitations in power 

delivery rates. Enter Wireless Power Transfer (WPT), a game-changing technology that allows for both 

stationary and dynamic charging meaning Evs can recharge on the go thanks to embedded road systems. 

This paper offers a thorough review of dynamic wireless charging systems for electric vehicles, focusing 

on design architectures, electromagnetic coupling methods, energy transfer efficiency, and how they fit 

into smart grids. It also dives into optimization strategies for scheduling, profitability, and network 

sustainability. In conclusion, the paper highlights key technical, environmental, and economic challenges 

while exploring the road ahead for large-scale wireless charging implementation. 

 

Keywords: Wireless Power Transfer (WPT), Dynamic Charging, Electric Vehicles (Evs), Smart Grid, 

Infrastructure Design, Charging Optimization, Power Electronics, Sustainable Transportation 

 

I. INTRODUCTION  

The global transition to electric mobility is essential for reaching carbon neutrality and fostering sustainable 

transportation. Yet, the dependence of electric vehicles (EVs) on fixed charging stations brings along some challenges, 

such as long charging times, faster battery wear, and traffic jams at charging spots. Enter Dynamic Wireless Power 

Transfer (DWPT), a game-changing approach that allows for continuous charging while driving, thanks to 

electromagnetic connections between transmitter coils built into the road and receiver pads installed under the vehicles. 

Recent breakthroughs in power electronics, resonant inductive coupling, and real-time communication tech have greatly 

improved the practicality and efficiency of wireless charging systems. Research by  Ahmad et al. [1] and Lu et al. [2] 

shows that DWPT systems not only boost the driving range of EVs but also help balance grid loads, lessen battery 

capacity needs, and enhance overall system performance. 

This paper offers a thorough overview of the development, core principles, and technological advancements in dynamic 

wireless charging infrastructure. It also tackles the main hurdles to widespread implementation, including system 

efficiency, costs, safety, and standardization. Additionally, the study looks into optimization strategies aimed at 

achieving cost-effective, smart, and sustainable energy management in the future of electric mobility networks. 

 

II. LITERATURE OVERVIEW 

1. Planar Wireless Charging Technology for Portable Electronic Products and Qi 

The study by S.Y. Hui presented one of the earliest and most influential discussions on planar wireless charging 

systems. It analyzed the fundamentals of electromagnetic induction, coil geometry design, and frequency optimization, 

laying the foundation for modern wireless power transfer (WPT) applications. The paper also explored the Qi standard 

for portable electronics, which later influenced the development of high-power EV wireless charging platforms [3] . 
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2. Electric Vehicle Charging Station Placement: Formulation, Complexity, and Solutions 

Conducted by A.Y.S. Lam, Y.W. Leung, and X. Chu, this research focused on optimizing the spatial distribution of 

charging stations based on urban infrastructure and grid connectivity. The authors developed a mathematical model 

addressing network constraints, cost efficiency, and accessibility. Their findings emphasized the integration of smart 

grid systems for optimal resource allocation in EV infrastructure[4]. 

3. Wireless Charging Technologies: Fundamentals, Standards, and Network Applications 

In this extensive survey, X. Lu, P. Wang, D. Niyato, D.I. Kim, and Z. Han reviewed the core principles of WPT, 

including resonant inductive coupling, interoperability standards, and communication-based network applications. The 

paper highlighted the need for standardized charging protocols and cooperative energy-sharing models in large-scale 

deployments [2]. Similarly, A. Poullikkas examined the sustainable options for electric vehicle technologies, 

discussing renewable integration, lifecycle emissions, and long-term energy planning for sustainable mobility [5]. 

4. Dynamic Charging of Electric Vehicles by Wireless Power Transfer 

The work by G. Buja, C.-T. Rim, and C.C. Mi discussed the concept of dynamic wireless power transfer (DWPT), 

where vehicles can charge while moving. The paper focused on the challenges of coil misalignment, magnetic field 

coupling, and power transfer stability, paving the way for real-world highway charging demonstrations [6]. In the same 

year, Z. Tian et al. proposed a real-time charging station recommendation system for electric taxis, improving fleet 

operation efficiency through intelligent routing algorithms [7]. X. Zhou et al. further reviewed ongoing EV research 

trends, highlighting the importance of control systems and optimization techniques for vehicle power management [8]. 

5. A Comprehensive Review of Wireless Charging Technologies for Electric Vehicles 

Authored by A. Ahmad, M.S. Alam, and R. Chabaan, this study offered an in-depth analysis of various WPT 

technologies, focusing on electromagnetic design, system efficiency, and power transfer mechanisms. It compared 

inductive, resonant, and capacitive coupling techniques, identifying the key limitations and possible improvements for 

dynamic and stationary systems [1]. In the same year, Z. Moghaddam, I. Ahmad, D. Habibi, and Q.V. Phung 

proposed a smart charging strategy for EV stations, emphasizing real-time load management and grid stability [9]. 

N. Ding, K. Prasad, and T.T. Lie also presented “The Electric Vehicle: A Review,” discussing performance metrics, 

battery degradation, and environmental implications of large-scale EV deployment [10]. 

6. Electrical Vehicle Charging Station Profit Maximization: Admission, Pricing, and Online   

The research by S. Wang, S. Bi, Y.-J. A. Zhang, and J. Huang explored profit-oriented operational models for EV 

charging stations. Their study proposed a dynamic pricing and online scheduling framework that optimizes both 

customer satisfaction and operator revenue while maintaining grid balance[11]. 

7. Advances in High-Power Wireless Charging Systems: Overview and Design Considerations 

In this paper, H. Feng, R. Tavakoli, O.C. Onar, and Z. Pantic analyzed the design and performance of high-power 

WPT systems for EVs. The authors discussed converter efficiency, magnetic alignment, and electromagnetic 

compatibility, presenting strategies for improved power density and system safety [5]. Additionally, E. Bagherzadeh, 

A. Ghiasian, and A. Rabiee developed a long-term stochastic optimization model for charging stations, focusing on 

maximizing profitability under demand uncertainty[12]. 

8. Wireless Charging of Electric Vehicle While Driving 

M.R.R. Razu, S. Mahmud, M.J. Uddin, and collaborators proposed an advanced model for in-motion wireless 

charging, demonstrating how DWPT can effectively extend driving range and minimize dependency on stationary 

charging points. The study combined simulation and experimental validation to highlight system feasibility [13]. 

Similarly, D. Yang, N.J.S. Sarma, M.F. Hyland, and R. Jayakrishnan developed a dynamic modeling and 

management framework for fast-charging stations, integrating real-time control and adaptive scheduling for improved 

operational efficiency [10]. 

9. Profit-Based Electric Vehicle Charging Scheduling: Comparison with Different Strategies and Impact 

Assessment on Distribution Networks 

The latest advancement was presented by K.G. Firouzjah, who developed a profit-based scheduling model for EV 

charging networks. The study compared various optimization strategies and analyzed their effects on distribution 
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networks, concluding that real-time adaptive scheduling can significantly enhance both profitability and grid 

sustainability[14]. 

 

III. WIRELESS CHARGING TECHNOLOGY FUNDAMENTALS 

Wireless charging for electric vehicles (EVs) relies primarily on Inductive Power Transfer (IPT) and Resonant 

Inductive Coupling (RIC). In these systems, the transmitter coil generates a magnetic field that induces current in a 

receiver coil mounted beneath the vehicle, enabling energy transfer without physical contact. Resonant coupling 

enhances efficiency over longer distances by tuning the transmitter and receiver to the same resonant frequency, 

reducing energy losses and improving power delivery. 

In dynamic wireless charging (DWC) systems, segmented transmitter coils are embedded along the roadway. These 

coils are activated sequentially as vehicles pass, minimizing standby energy losses and allowing continuous energy 

delivery. Control units, communication modules, and inverter circuits regulate the timing, voltage, and current of the 

transmitted power to ensure optimal coupling and energy efficiency. Advanced systems include vehicle-to-

infrastructure (V2I) communication, allowing real-time feedback on coil alignment, speed, and battery state-of-

charge for adaptive energy management. 

Recent technological innovations have improved both efficiency and power density. For instance, SiC-based 

converters enable higher voltage operation with reduced thermal losses (Feng et al., 2020). Active rectifiers and 

frequency-tuned control systems further improve energy transfer efficiency and maintain load matching under 

variable driving conditions. Coil alignment sensors detect lateral misalignment, dynamically adjusting the transmitted 

magnetic field to maximize coupling. Additionally, magnetic shielding minimizes electromagnetic interference (EMI) 

to nearby electronics and reduces stray field losses. 

Other notable enhancements include: 

Multi-coil arrays: Multiple overlapping coils can dynamically activate based on vehicle position, improving power 

delivery over curved or uneven road surfaces. 

Bidirectional power flow: Some systems allow energy to flow from EVs back to the grid (V2G), supporting peak load 

management. 

Smart grid integration: Real-time communication with energy management systems enables load balancing, peak 

shaving, and predictive charging based on traffic patterns and renewable generation availability. 

 

IV. DESIGN OF DYNAMIC WIRELESS CHARGING ROADS 

Designing wireless charging roads requires careful interdisciplinary planning that integrates civil engineering, power 

electronics, communication systems, and safety regulations. Coil embedding architecture is a critical aspect: 

pavement-embedded transmitter coils must endure mechanical stresses from vehicle loads, thermal expansion, and 

environmental conditions such as rain, dust, and temperature variations. Modular coil designs are often employed to 

facilitate maintenance, replacement, and scalability across long stretches of roadway. 

Power distribution systems connect these coils to roadside power electronics, including inverters, rectifiers, and 

converters, which in turn are linked to local substations or renewable energy sources such as solar photovoltaic (PV) 

panels and wind turbines. These systems must ensure high-efficiency energy transfer while minimizing losses and 

voltage fluctuations. 

Communication infrastructure is equally vital. Vehicle-to-Infrastructure (V2I) communication enables secure energy 

transfer, vehicle identification, real-time billing, and dynamic adjustment of power levels based on vehicle speed and 

state-of-charge. Advanced systems may incorporate predictive algorithms to coordinate charging with traffic flow and 

grid load. 

Safety and electromagnetic compatibility (EMC) compliance are paramount. Shielding materials, frequency 

regulation, and magnetic field shaping mitigate electromagnetic interference with nearby electronics and minimize 

human exposure to stray magnetic fields. Intermediate energy storage devices, such as supercapacitors or high-speed 

batteries, are often integrated to buffer transient power demands and stabilize grid interaction during high-load periods. 
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Such infrastructure is particularly well-suited to urban transit corridors, highways, and dedicated bus lanes, where 

controlled vehicle flow and predictable routing enhance charging efficiency and system utilization. When combined 

with intelligent grid management and real-time monitoring, wireless charging roads offer a sustainable, scalable, and 

user-friendly solution for next-generation electric mobility. 

 
Figure 1 : WPT system components for dynamic EV charging. 

 

Optimization and Smart Charging Strategies 

Smart control algorithms play a crucial role in determining how, when, and where vehicles are charged in dynamic 

wireless power transfer systems. Load balancing strategies, as proposed by Moghaddam et al. [2], use grid-aware 

scheduling to distribute charging demand, preventing peak overloads and ensuring stable operation of the local 

distribution network. Profit maximization approaches, explored by Wang et al. [11]and Firouzjah [14], employ 

dynamic pricing models that adjust in real time based on energy tariffs, vehicle priority, and station availability, 

enabling economically efficient operation for charging operators. 
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Route-aware charging is another key aspect. Tian et al. [7] developed real-time recommendation systems for electric 

taxis that integrate navigation data with charging station availability, optimizing charging stops along predicted routes. 

Renewable energy integration has also been studied, with Bagherzadeh et al. [12] applying stochastic optimization to 

coordinate solar- and wind-powered charging stations, improving sustainability and maximizing revenue while 

minimizing grid dependency. 

Advanced AI and predictive control techniques further enhance system performance. Machine learning models can 

forecast vehicle arrival times, traffic density, and grid load, dynamically adapting coil activation sequences, power 

allocation, and energy storage usage to optimize efficiency. These intelligent control systems rely on IoT sensors, 

cloud-based analytics, and Vehicle-to-Grid (V2G) technologies to enable real-time decision-making, adaptive load 

management, and enhanced user experience. 

Collectively, these smart control strategies transform wireless charging networks into responsive, economically viable, 

and sustainable infrastructure, capable of supporting large-scale deployment in urban and highway environments. 

 

V. CHALLENGES AND LIMITATIONS 

Despite substantial progress, several barriers hinder large-scale deployment: 

 Efficiency Losses: Misalignment, high air gaps, and road material interference reduce energy transfer 

efficiency. 

 Infrastructure Cost: Embedding coils and associated control electronics across long road sections involves 

high capital investment. 

 Standardization: Lack of unified frequency, power, and safety standards limits interoperability between EVs 

and charging systems. 

 Grid Impact: Large-scale dynamic charging may cause local grid instability without proper buffering or 

intelligent management. 

 Environmental and Maintenance Issues: Road degradation, weather exposure, and electromagnetic safety 

require continuous monitoring and periodic maintenance. 

Addressing these challenges requires collaboration among automakers, utility providers, governments, and 

standardization bodies such as IEEE and SAE. 

 

VI. FUTURE RESEARCH DIRECTIONS 

Several emerging technologies and strategies are expected to shape the next generation of wireless charging 

infrastructures. Hybrid charging models, which combine stationary and dynamic wireless power transfer (WPT), can 

balance infrastructure cost, operational efficiency, and user convenience, allowing vehicles to charge both at dedicated 

stations and along roadways. The development of smart material roads, incorporating conductive asphalt and integrated 

sensor layers, offers potential for self-healing pavement, real-time performance monitoring, and improved 

electromagnetic coupling efficiency. 

AI-based traffic prediction techniques can optimize coil activation sequences and power allocation by forecasting 

vehicle density, speed, and route patterns, thereby improving energy utilization and reducing standby losses. Similarly, 

renewable-driven microgrids can integrate localized solar and wind sources to create self-sufficient EV corridors, 

minimizing grid dependency and enhancing sustainability. Blockchain-based billing systems provide secure, 

transparent, and automated payment mechanisms for dynamic energy exchange, enabling efficient user authentication 

and transaction logging in multi-operator networks. 

Finally, the establishment of standardized testing protocols is critical for assessing system efficiency, safety, 

electromagnetic compliance, and interoperability under real-world conditions. By addressing these areas, future 

research can accelerate the large-scale deployment of wireless charging roads while ensuring reliability, economic 

viability, and environmental sustainability. 
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VII. CONCLUSION 

Dynamic wireless charging road infrastructures represent a transformative advancement in electric mobility, offering 

the potential for continuous energy transfer to moving vehicles. Such systems reduce charging downtime, improve 

energy utilization, and effectively extend the driving range of electric vehicles. Despite these advantages, challenges 

remain in terms of high infrastructure costs, lack of standardized protocols, electromagnetic compatibility, and 

real-time control complexities. Continued research and development in resonant power electronics, intelligent 

scheduling algorithms, vehicle-to-infrastructure communication, and smart road design are essential to overcome 

these barriers. With coordinated efforts across engineering, energy management, and transportation planning, dynamic 

wireless charging can become a scalable, sustainable, and economically viable solution, supporting the widespread 

adoption of electric vehicles and the transition toward carbon-neutral transportation networks. 
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