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Abstract:  Addressing critical problems such as range anxiety and charging-infrastructure limitations, 

Wireless Power Transfer (WPT) technology has emerged as an innovative method to enhance plug-in electric 

vehicle (EV) adoption. To enable seamless on-road energy interaction of mobile vehicles, the design and 

implementation of a high-efficiency wireless powering transferred (WPT) system for dynamic roads-side 

electric vehicle (EV) charging lanes is studied in this paper. Using state-of-the-art resonant inductive coupling, 

optimized coil geometries, and advanced power electronics, the envisioned system achieves high efficiency 

of energy transfer over a wide variety of speed and alignment conditions. This study proposes novel 

guarantees for reducing energy losses due to misalignment and drifting vehicle dynamics using machine 

learning based models and adaptive control strategies. The system's architecture ensures optimum user safety 

and low electromagnetic interference (EMI) by operating within regulatory safety limits. The charging lane 

infrastructure incorporates renewable energy integration and modular design ideas to improve cost-

effectiveness and scalability. A thorough examination of dynamic charging lane performance in practical 

settings, the creation of energy management plans for grid stability, and a feasibility study for widespread 

implementation in urban and highway settings are some of the major contributions 

I. INTRODUCTION 

 

Electric vehicle (EV) technology are advancing significantly as a result of the quick shift to environmentally 

friendly transportation. Even though EVs have many financial and environmental advantages, a number of 

obstacles prevent their widespread use, such as their short driving range, lengthy charging times, and 

requirement for a substantial infrastructure for charging. A ground-breaking answer to these problems is 

Wireless Power Transfer (WPT) technology as shown in Fig.  1, which has the ability to provide EVs with an 

uninterrupted energy supply while they are in motion, especially for dynamic on-road charging. Dynamic 

wireless charging systems can greatly improve EV operations' scalability, efficiency, and convenience by 

doing away with the need for fixed charging stations.Resonant inductive coupling, which transfers energy 

wirelessly from embedded coils in the road infrastructure to a receiver coil in the car, provides the basis for 

dynamic charging lanes. This technique is perfect for highway and urban transportation networks since it 

enables continuous power transfer without the need for physical hookups. By incorporating such systems into 

current roads, EV users can have less range anxiety, rely less on big battery capacities, and adopt lighter, more 

compact EV designs, all of which increase overall vehicle efficiency.However, there are a number of 

operational and technological difficulties in putting dynamic WPT systems into practice. These include 

addressing electromagnetic interference (EMI) to comply with safety requirements, guaranteeing stable 

operation at different vehicle speeds, and preserving high energy transfer efficiency despite misalignments 

between the road and vehicle coils. Additionally, to guarantee the sustainability and scalability of such 
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systems, grid management techniques and renewable energy sources must be integrated.By creating a high-

efficiency WPT system tailored for dynamic charging lanes, this study seeks to overcome these issues. In 

order to accomplish dependable energy transmission in practical settings, it emphasizes creative coil designs, 

adaptive control algorithms, and modular infrastructure. The study also looks at the financial and 

environmental effects of large-scale dynamic charging lane deployment, offering insights into how these lanes 

could revolutionize EV mobility and support international sustainability objectives. 

 

 

 

 

 

 

 

 

 

 

 

Fig.  2:   Dynamic wireless power transfer for electric vehicles 

This initiative intends to transform the EV charging paradigm and provide the groundwork for upcoming 

developments in smart transportation systems by filling in gaps in current technology and offering workable 

solutions. WPT systems receive research development dedicated to road-based mobile charging applications. 

The research analyzes individual power cables paired with variable power circuit elements and modular 

design characteristics to establish reliable power distribution. The findings demonstrate how wireless power 

technology affects EV driving through its interactions with environmental components and social-economic 

frameworks to achieve world sustainability targets. This study develops basic principles required to establish 

wireless electric vehicle charging that will lead to an effective sustainable transportation framework. 

 

 

II. LITERATURE SURVEY 
 

One important tactic for lowering greenhouse gas emissions and reliance on fossil fuels is the switch to electric 

cars, or EVs. However, the limited battery range that requires regular recharging is one of the main obstacles 

preventing mainstream EV adoption. Dynamic on-road EV charging using Wireless Power Transfer (WPT) 

technology has become a viable way to get around this restriction by allowing EVs to charge while moving, 

which lowers range anxiety and boosts efficiency. The literature on WPT for dynamic charging lanes and its 

potential to transform electric mobility is reviewed in this section. 

A. Wireless Power Transfer (WPT) and its principles  

WPT uses electromagnetic fields to transport electrical energy without the need for physical connectors. 

Capacitive power transfer (CPT) and inductive power transfer (IPT) are the two main methods utilized in 

WPT for EVs. The most extensively studied technique, IPT, uses magnetic fields produced by resonant coils 

in the vehicle's onboard system and ground infrastructure to transmit power (Torkamani et al., 2018) [1]. Key 

technologies for high-efficiency IPT systems, including as coil design optimization, magnetic coupling, and 

resonant frequency tuning, are highlighted in a thorough study by Xie et al. (2020) [2]. 

B. Dynamic Charging Systems  

An innovative advancement in transportation electrification is dynamic wireless charging, which allows EVs 

to charge while traveling across designated lanes. Different dynamic charging system topologies, including 

as overhead and roadway-integrated systems, are covered in a research by Das et al. (2021) [3]. Dynamic 

charging's main benefit is its ability to do away with the requirement for high battery capacities, which would 

reduce the weight and expense of vehicles (Li et al., 2019) [4]. 
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Usually, a number of ground coils buried in the road surface provide electricity to dynamic wireless charging 

systems. The onboard system of the car receives the power through matching reception coils. Wang et al. 

(2020) [5] assert that attaining high energy transfer efficiency requires careful coil alignment and placement. 

According to Lu et al. (2018) [6], field experiments showed that dynamic charging could attain energy transfer 

efficiency levels above 80% in practical settings. 

C. Efficiency Challenges and Solutions  

The effectiveness of energy transfer is one of the main issues with dynamic WPT systems, particularly when 

there are significant distances and high speeds between the vehicle and the charging infrastructure. He et al. 

(2021) [7] looked at a number of efficiency-boosting strategies, such as active control systems to reduce power 

losses and sophisticated resonance techniques. According to Sharma et al. (2019) [8], another difficulty is the 

requirement for strong safety procedures to stop electromagnetic interference and guarantee passenger safety. 

Using high-frequency power conversion circuits is one possible strategy to increase efficiency. Zhang et al.'s 

[9] research from 2022 shows that high-frequency inverter technology can significantly increase power 

transmission stability and efficiency when paired with sophisticated coil designs. A steady energy supply can 

also be ensured, and power fluctuations can be mitigated by integrating energy storage systems into the 

charging infrastructure (Jiang et al., 2021) [10]. 

 

III. METHODOLOGY 

 

A. High-Efficiency Wireless Power Transfer for Dynamic On-Road EV Charging Lanes 

This technique describes a thorough process for looking into and evaluating the creation, application, and 

effectiveness of wireless power transfer (WPT) systems for dynamic on-road EV charging lanes. Various 

research methods, real-time data, statistical analysis, work procedures, and visual aids like graphs will all be 

incorporated into the methodology to improve comprehension and offer insights into the present and possible 

future of this technology.  

 

1. System Design and Modelling 

Goal: Create a dynamic charging system that combines cutting-edge power transfer technologies with roads. 

 

2. Process 

 When designing a road layout with embedded power coils, make sure that the coils are spaced and 

aligned with the positions of the vehicles. 

 To simulate and optimize the coil layout for optimal power transfer efficiency, use electromagnetic 

simulation. 

 Anticipated Result: A thorough system architecture that can maximize system cost and power transfer 

efficiency. 

 

B. Data Collection and Real-Time Statistics 

 The goal is to collect real-time data for WPT systems in various scenarios. 

 Tools Used: To measure power transfer rates, vehicle speed, temperature, and road conditions, data 

loggers and sensors are mounted in cars and charging lanes. 

 System reliability and charging effectiveness optimization together with technology enhancement 

result from obtaining this information. 

 

1. Process 

 The first step comprises testing electric vehicles on the field by utilizing EVs with data logging 

capacities. 

Multiple test sessions require Electric vehicles which have built-in data logging capabilities to roam through 

dynamic wireless charging areas under varying circumstances. 

 Research analysts examine energy transfer efficiency through the evaluation of road conditions and 

vehicle speed alongside coil alignment effects based on analyzed data. 

 Environmental Data Collection is monitoring of road conditions together with temperature and humidity 

data allows researchers to test wireless charging systems under realistic driving situations. 
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Fig.  3:  Speed vs. Power Transfer Efficiency 

 

 Fig.  4 displays data about speed and power transfer efficiency relationships. The presented graph 

displays WPT efficiency ranges according to speeding vehicle dynamics thus showing the energy 

transfer rate changes by speed parameter. The chart reveals the speed range which optimizes the transfer 

of power to its maximum level. 

 

Fig.  5:  Battery Charge Before and After Dynamic Charging 

 

 Fig.  6 displays Battery Charge Before and After Dynamic Charging, The comparison demonstrates that 

dynamic wireless power transfer offers high battery recharge effectiveness during moving 

operations.The data reveals how power efficiency performs during multiple charging situations as well 

as the regeneration rates at different operating conditions. 

 

 

C. Analysis and Work Process 

 Goal: Examine the information gathered and comprehend the effectiveness, expenses, and ecological 

consequences of dynamic WPT systems. 

 Statistics program for computing statistical measurements, such as R or Python Pandas. 

 Predictive analysis using machine learning techniques based on input parameters (e.g., coil alignment, 

speed). 

 Software for cost-benefit analysis using economic modelling. 
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1. Process 

 To identify trends, do statistical analysis on the data (e.g., mean, median, standard deviation). 

 Predict operating expenses and power transfer efficiency via machine learning. 

 Analyze the costs and benefits of dynamic WPT against conventional charging techniques. 

 Utilize CO2 reduction simulations to assess the environmental impact. 

 

 

 

 

 

 

 

 

Fig.  7:   Cost-Benefit Analysis of Dynamic Charging vs. Traditional Charging 

 

 

D. Visualization through Graphs and Charts 

 The purpose is to improve comprehension of the main findings by using visual aids, such as charts 

and graphs. 

 To produce powerful visualizations, use visualization tools like Tableau or Power BI. 

 Software for creating straightforward and useful graphs, such as Excel or Python (Matplotlib). 

 

 

 

 

 

 

 

 

 

 

Fig.  8:  CO2 Emission Reduction Potential by Dynamic Charging 

 

IV. RESULTS 

 

Table 1:  Relation between vehicle speed and power transfer efficiency 

 

 

 

 

 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                        © 2025 IJCRT | Volume 13, Issue 3 March 2025 | ISSN: 2320-2882 

IJCRT2503826 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org h131 
 

This Table 2 shows that as vehicle speed increases, power transfer efficiency falls. This occurs because the 

car is less efficient at faster speeds since it spends less time in the charging zone. The dynamic charging 

system's limitations in high-speed situations are better understood by seeing the table. 

 

Table 3:  Battery charge percentage before and after charging 

 

 

 

 

 

 

 

 

The impact of dynamic wireless charging on battery charge levels for various EV sizes is seen in this Table 

4. When dynamic charging is used, the battery charge increases significantly; small and medium-sized EVs 

show an increase of roughly 50%, while large EVs show an even greater boost. When assessing the efficacy 

of dynamic wireless charging, this table is essential. 

 

 

 

 

 

 

 

 

 

Fig.  9 :  CO2 Emission Reduction Potential by Dynamic Charging 

Vehicle speed and power transfer efficiency have an inverse relationship, as the scatter plot illustrates in Fig.  

10. The efficiency of power transfer declines with increasing vehicle speed. This graphic aids in visualizing 

how speed affects the system's efficacy and validates the patterns seen in the table. The graph displays the 

Power Transfer Efficiency (PTE) measurement against Vehicle Speed values for a Wireless Power Transfer 

(WPT) system which provides dynamic electric vehicle (EV) charging functions. The measurements depict 

efficiency changes which occur at different automotive speeds throughout dynamic charging lane operations. 

 

 

 

 

 

 

 

 

 

 

Fig.  11:   Charging Efficiency Classification 
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The Fig.  12 model's (in this case, an assumption model that forecasts power transfer efficiency categories 

based on speed) accuracy in classifying the charging efficiency as "High," "Medium," or "Low" is visualized 

by the confusion matrix. Although there are several misclassifications in the "Medium" category, the matrix 

indicates that the model performs rather well. This could suggest that speed alone is not always a reliable 

indicator of the system's effectiveness. Low-efficiency instances performed with optimal results because all 

predictions were accurate with no wrong assignments detected. The model demonstrates success in Low-

efficiency identification though its accuracy requires improvement for differentiating High and Medium 

efficiency ratings. 

 

V. CONCLUSION 

The study and visualizations show that there are both major benefits and difficulties associated with 

implementing dynamic wireless power transfer (WPT) for EV charging lanes. Vehicle speed and power 

transfer efficiency are clearly correlated, with higher speeds resulting in lower efficiency because of the 

greater distance between coils. This emphasizes how crucial it is to arrange coils along highways in the best 

possible way to enhance energy transmission at faster speeds. The battery charge level data before and after 

charging shows how well dynamic charging works to recharge EV batteries, with notable gains seen in a 

variety of vehicle types. This suggests that dynamic wireless charging systems may offer a workable way to 

improve EV charging's effectiveness and convenience, particularly for long-distance driving and city 

commuting. Additionally, compared to conventional charging techniques, dynamic charging systems may 

result in long-term cost savings, particularly when infrastructure expenses and smaller battery capacity needs 

are taken into account, according to the cost-benefit analysis and confusion matrix. 

 

VI. FUTURESCOPE 

Dynamic wireless power transfer (WPT) for EVs has a bright future ahead of it, with the potential to 

completely transform the EV ecosystem. Enhancing power transfer efficiency, especially at higher speeds, 

through coil alignment and design optimization is one of the main areas for improvement. By enabling more 

effective energy distribution through integration with smart grids, the system will experience less stress. 

Additionally, WPT infrastructure will become more inexpensive due to cost reductions brought about by 

advancements in manufacturing and materials. WPT systems will have to change as autonomous cars 

proliferate to be compatible with autonomous charging. EVs will have constant charging thanks to the 

expansion of WPT networks in parking lots, roads, and urban areas. Utilizing renewable energy sources and 

lowering the carbon footprint of WPT infrastructure are two ways to achieve environmental sustainability. 

Wider adoption will be encouraged by the creation of international regulatory standards and rules that 

guarantee interoperability across geographical boundaries. Using real-time data, machine learning algorithms 

will improve the forecast of energy transfer efficiency. Power demand can be balanced by combining WPT 

with cutting-edge energy storage technologies.  
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