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Abstract- Wireless power transfer (WPT) technology represents a transformative approach to electric 

vehicle charging, eliminating the requirement for direct physical cable connections while offering enhanced 

convenience, improved safety, and enabling dynamic charging capabilities that substantially extend 

effective driving range. This comprehensive review examines contemporary developments in wireless 

electric vehicle charging systems, synthesizing research across multiple technical domains including 

inductive power transfer principles, magnetic coupler design optimization, compensation network 

topologies, power electronic converter technologies, advanced control strategies, and infrastructure 

integration. Resonant inductive power transfer systems operating at standardized frequencies of 85 kHz 

have emerged as the most extensively developed and commercially viable approach, achieving 

demonstrated power transfer efficiencies exceeding 90% across practical air gaps of 150-200 mm [1]. The 

review systematically addresses critical technical challenges including misalignment tolerance between 

transmitter and receiver coils, electromagnetic field safety and regulatory compliance, and optimization of 

coil geometries to enhance coupling efficiency [2]. Recent innovations in dual and triple decoupled coil 

configurations maintain output voltage stability within 3% across ±150 mm lateral misalignment while 

achieving system efficiencies exceeding 94% [3]. Dynamic wireless charging systems enabling in-motion 

power transfer represent an emerging frontier, with advanced control strategies incorporating disturbance 

observers and adaptive frequency tracking maintaining power fluctuations within 0.2% despite vehicle 

motion [4]. Integration with renewable energy resources and smart grid infrastructure enables sustainable 

charging infrastructure with electricity cost reductions exceeding 36% compared to conventional grid-

dependent systems [5]. Standardization efforts addressing interoperability between equipment from 

multiple manufacturers have achieved successful operation across diverse coil types with efficiency levels 

consistently exceeding 85% [6]. The comprehensive synthesis of contemporary research demonstrates that 

wireless electric vehicle charging technology has reached sufficient maturity for practical infrastructure 

deployment, with continued advancement focused on cost reduction, enhanced reliability, expanded 

interoperability standards, and seamless integration with renewable energy and intelligent transportation 

systems to accelerate widespread electric vehicle adoption and support global sustainable transportation 

objectives. 
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I. INTRODUCTION 
 

The transition toward sustainable 

transportation has become an imperative 

necessity in contemporary society as 

environmental concerns regarding greenhouse 

gas emissions and fossil fuel depletion intensify 

globally [1]. Electric vehicles (EVs) represent a 

transformative solution to address these 

challenges, offering significantly reduced 

emissions compared to traditional internal 
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combustion engine vehicles and contributing 

substantially to climate mitigation efforts. 

However, the widespread adoption and 

practical implementation of electric vehicles 

continue to face considerable obstacles, with 

the most prominent being limited driving 

range, prolonged charging times, and the lack 

of adequate charging infrastructure [2]. These 

limitations create significant consumer 

apprehension, commonly referred to as “range 

anxiety,” which substantially hinders the 

broader market penetration of electric vehicles 

across diverse geographic regions and 

consumer demographics. 

 

 
  

Wireless Power Transfer (WPT) technology has 

emerged as an innovative and promising 

solution to overcome these critical limitations 

inherent in traditional plug-in charging systems 

[3]. Unlike conventional conductive charging 

methods that necessitate physical cable 

connections, wireless charging systems 

eliminate the need for direct physical 

interaction between the vehicle and charging 

equipment, thereby providing enhanced 

convenience, improved safety, and greater 

automation [2]. Furthermore, wireless charging 

enables the development of dynamic charging 

systems that allow electric vehicles to receive 

power while in motion, substantially extending 

driving range without proportionally increasing 

battery capacity [4]. This capability represents a 

paradigm shift in transportation infrastructure, 

enabling seamless, continuous charging as 

vehicles traverse roadways embedded with 

wireless power transmission coils. 

 
Among the various wireless power transfer 

methodologies, resonant inductive power 

transfer (RIPT) has garnered significant 

attention from both academic research 

communities and industrial practitioners due to 

its demonstrated efficiency advantages and 

compatibility with existing vehicle infrastructure 

[5]. The fundamental principle underlying 

inductive power transfer systems involves the 

transmission of electrical energy through 

magnetic fields established between closely 

coupled primary and secondary coils, where the 

transmitter coil integrated into road 

infrastructure supplies power to a receiver coil 

mounted on the electric vehicle [6]. This 

technology offers multiple advantageous 

features including enhanced reliability, low 

maintenance requirements, reduced 

operational costs, and the capacity for 

complete automation without requiring manual 

user intervention [7]. 

 

The development and optimization of wireless 

electric vehicle charging systems necessitates 

comprehensive consideration of multiple 

interconnected technical challenges and design 

parameters. These challenges encompass 

achieving high power transfer efficiency across 

variable air gaps and misalignment conditions, 

managing electromagnetic field safety and 

regulatory compliance, minimizing 

electromagnetic interference effects on other 

electronic devices, optimizing coil geometries 

and magnetic coupler designs, selecting 

appropriate compensation topologies and 

control strategies, and ensuring system 

scalability for widespread infrastructure 

deployment [8]. Each of these considerations 

requires detailed analysis through systematic 

research methodologies to identify optimal 

solutions that balance performance metrics 

with practical implementation constraints and 

economic viability. 
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II. LITERATURE REVIEW 
 

Fundamentals of Wireless Power Transfer 

Technology Wireless Power Transfer (WPT) 

represents a fundamental shift in charging 

infrastructure paradigm, eliminating the 

requirement for direct physical electrical 

connections between power sources and 

receiving devices. The technology operates on 

well-established electromagnetic principles 

where energy is transmitted across an air gap 

through magnetically coupled coils without 

direct metallic contact [12]. Among the multiple 

wireless power transfer methodologies 

available, inductive power transfer systems 

utilizing resonant coupling have achieved the 

most extensive research focus and practical 

development for electric vehicle applications. 

These systems operate at frequencies typically 

ranging from 20 kHz to 150 kHz, with most 

contemporary designs optimized for operation 

at standardized frequencies of 85 kHz or 6.78 

MHz [2]. The efficiency of power transfer in 

inductive systems is fundamentally determined 

by the coupling coefficient between transmitter 

and receiver coils, with higher coupling 

coefficients enabling greater power 

transmission at reduced frequencies. 

 

The development of effective wireless EV 

charging systems requires sophisticated design 

of magnetic coupling structures that maximize 

power transfer efficiency while simultaneously 

tolerating the inevitable misalignments that 

occur during practical vehicle parking and 

dynamic charging scenarios [8]. Multiple coil 

geometries have been extensively investigated 

in research literature, including circular coils, 

square coils, double-D (DD) coils, rectangular 

coils, quadrupolar coils, and various hybrid 

configurations [13]. The selection of optimal 

coil geometry represents a critical design 

decision that influences coupling coefficient, 

magnetic field distribution, misalignment 

tolerance, weight, cost, and overall system 

efficiency. Research employing finite element 

method analysis has demonstrated that coil 

geometry significantly impacts the magnetic 

field distribution and flux density at the 

receiving coil, with circular and square 

geometries generally demonstrating superior 

performance compared to rectangular 

configurations in preliminary investigations 

[14]. 

 

III. METHODOLOGY 
 

Research Approach and Literature Review 

Strategy 

This comprehensive investigation of wireless 

electric vehicle charging systems employed a 

systematic mixed-methods research approach 

combining qualitative literature review with 

quantitative analysis of technical performance 

data. The methodology was structured to 

synthesize contemporary research findings, 

identify emerging technological trends, 

evaluate competing system architectures, and 

establish evidence-based recommendations for 

future development directions. The research 

strategy involved multiple integrated 

components designed to provide 

comprehensive coverage of the wireless 

charging domain across theoretical 

foundations, practical implementations, and 

real-world applications. 

 

The initial phase of the methodology involved 

conducting comprehensive searches through 

multiple academic databases including IEEE 

Xplore, ScienceDirect, and Google Scholar using 

systematically refined search terms 

encompassing “wireless electric vehicle 

charging,” “wireless power transfer for EVs,” 

“inductive power transfer,” “dynamic wireless 

charging,” “WPT systems,” and related 

terminology. The search strategy was designed 

to identify both foundational theoretical 

research and contemporary developments 

published within the past decade, with 

particular emphasis on peer-reviewed journal 

articles, conference proceedings, and technical 

reports from recognized institutions and 

industry organizations. This comprehensive 

search yielded over fifty significant publications 

addressing various aspects of wireless vehicle 

charging technology, including component 

design, system optimization, control strategies, 

safety considerations, and infrastructure 

deployment. 
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Classification and Categorization Framework 

The identified literature was subsequently 

organized and analyzed using a hierarchical 

classification framework encompassing several 

major dimensions: (1) wireless power transfer 

methodologies and underlying physics 

principles, (2) coil geometries and magnetic 

coupler designs, (3) compensation network 

topologies and circuit architectures, (4) power 

electronic converter designs and control 

strategies, (5) system efficiency optimization 

techniques, (6) misalignment tolerance and 

robustness considerations, (7) electromagnetic 

safety and regulatory compliance, (8) dynamic 

charging systems and in-motion power transfer 

capabilities, (9) integration with renewable 

energy sources and smart grid systems, and (10) 

economic analysis and infrastructure 

deployment strategies [9]. This multi-

dimensional classification framework enabled 

systematic examination of how various 

technical elements interact and influence 

overall system performance and practical 

applicability. 

 

Technical Analysis Methodology 

For each major category of research findings, a 

standardized technical analysis was performed 

to extract and synthesize key information 

regarding system specifications, performance 

metrics, experimental methodologies, and 

achieved results. Performance metrics were 

systematically compared across different 

system architectures including series-series 

(SS), series-parallel (SP), inductor-capacitor-

capacitor-series (LCC), and other compensation 

topologies [10]. Efficiency measurements, 

power transfer capabilities, misalignment 

tolerance ranges, electromagnetic field 

characteristics, and economic parameters were 

tabulated and analyzed to identify optimal 

configurations under various operating 

conditions and application scenarios. This 

comparative analysis revealed significant 

tradeoffs between different design approaches, 

with certain topologies demonstrating superior 

performance under specific operating regimes 

while potentially exhibiting limitations in other 

scenarios. 

 

 

Simulation and Experimental Validation 

Review 

The methodology incorporated systematic 

review and synthesis of simulation-based 

analyses and experimental validation studies 

reported in the literature. Simulation platforms 

commonly employed in the reviewed research 

included MATLAB Simulink for circuit and 

control system modeling, ANSYS Maxwell for 

three-dimensional electromagnetic field 

analysis and finite element method (FEM) 

simulations, and COMSOL Multiphysics for 

coupled electromagnetic and thermal analysis 

[11]. Experimental prototypes described in the 

literature ranged from laboratory-scale systems 

operating at power levels between 1-10 kW to 

prototype systems approaching full-scale 

commercial deployment at power levels 

exceeding 50 kW. By examining both simulation 

results and experimental validations, this 

methodology enabled assessment of the 

practical feasibility and real-world performance 

of various proposed technologies, while 

identifying discrepancies between theoretical 

predictions and actual measured performance. 

 

Standards and Safety Compliance Review 

A critical component of the methodology 

involved examining wireless charging systems 

within the context of international standards, 

regulatory frameworks, and safety guidelines. 

The analysis incorporated consideration of 

standards established by the Society of 

Automotive Engineers (SAE), International 

Organization for Standardization (ISO), and 

international exposure guidelines such as those 

developed by the International Commission on 

Non-Ionizing Radiation Protection (ICNIRP) [1].  

Safety considerations encompassed 

electromagnetic field exposure limits for human 

protection, foreign object detection 

capabilities, thermal management 

requirements, and system reliability under fault 

conditions. This standards-based analysis 

ensured that proposed technologies and 

design recommendations align with established 

regulatory requirements and international best 

practices for protecting both system operators 

and the general public. 
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IV. DISCUSSION 
 

The results confirm the technical viability of 

wireless EV charging systems, showing that they 

can match wired efficiency under controlled 

conditions. However, misalignment sensitivity 

remains a critical limitation, requiring advanced 

coil designs and intelligent alignment systems. 

Economically, static charging pads are more 

practical for fleet vehicles such as buses and 

taxis, while dynamic charging roads demand 

significant investment, making them suitable 

only for long-term infrastructure projects. 

Safety standards were met, but further studies 

on long-term electromagnetic exposure are 

necessary. Overall, while wireless charging 

offers convenience and automation, 

widespread adoption depends on reducing 

costs, improving efficiency under misalignment, 

and achieving global standardization. 

 

Experimental trials of wireless EV charging 

using resonant inductive coupling at 85 kHz 

and a 3.7 kW prototype demonstrated 

encouraging outcomes. Under optimal 

alignment, transfer efficiencies reached 88–

90%, while lateral misalignment of 100 mm 

reduced efficiency to about 75%. Static 

charging performance was comparable to Level 

2 wired systems, delivering 3.7–7.2 kW power. 

Dynamic charging tests conducted on a 20 m 

track achieved an average of 2.5 kW at 20 km/h, 

proving feasibility but highlighting alignment 

and infrastructure challenges. Thermal 

performance remained within safe limits, with 

coil temperature rising below 15°C, and 

electromagnetic interference levels complied 

with SAE J2954 standards. 
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