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Abstract - Electric cars (EVs) are becoming more and 

more popular on the roads because of notable improvements 

in performance and driving range in recent years. Although 

conventional EVs are typically charged via cables, well-

known manufacturers like Tesla, BMW, and Nissan are 

leading the way in the advancement of wireless charging 

technology, which does away with the necessity for large, 

unsightly wires. In addition to improving safety by 

preventing sparks during connection, this wireless, inductive 

charging method creates intriguing new opportunities for 

dynamic charging, which enables EVs to charge while they 

are moving. When completely implemented, this innovation 

should lessen the need for high battery sizes and remove the 

range anxiety associated with EVs. The world is 

aggressively pursuing and promoting this wireless charging 

revolution, with a focus on nations such as Korea, Germany, 

and the UK. An extensive literature study on wireless 

charging technologies for electric vehicles is included in this 

research. It explores the fundamental technological elements 

of wireless charging, such as communication protocols, coil 

design, and compensation topologies. The study examines a 

novel strategy for increasing charging power that involves 

using superconducting materials in coil designs and talks 

about how this can affect the effectiveness of wireless 

charging. Wireless charging safety issues are also covered, 

and a summary of the relevant standards is provided. The 

study offers an economic overview and analysis of the 

expenses related to different wireless charging setups. All 

things considered, this study advances knowledge about the 

developing field of wireless EV charging and emphasizes 

how revolutionary it can be for the electric vehicles 

industry. 
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1.INTRODUCTION 
 

The transportation sector stands as a prominent 

contributor to global climate change and the proliferation of 

CO2 emissions [1]. In 2017, it devoured nearly 60% of the 

world's oil production, underscoring the urgent need for 

cleaner alternatives [2]. Electric vehicles (EVs) have 

emerged as a pivotal component in the transition towards a 

more sustainable energy society [3]. Notably, recent 

advancements in EV technology have significantly 

improved their performance and driving range, with various 

models readily available in today's vehicle market. 

Nevertheless, the effective and efficient charging of these 

EVs remains a formidable challenge, exerting a substantial 

strain on power grids [4,5]. 

Traditional charging methods involve physically 

connecting electric cables to the EVs, a practice fraught with 

potential dangers, especially in adverse weather conditions. 

It can lead to sparking during plugging and unplugging, 

limiting the applicability of EVs in specific settings like 

those close to airports and petrol stations. As a result, there 

has been growing interest in more flexible and convenient 

charging methods, notably Charging via wireless 

technology. Noteworthy Companies such as Tesla, BMW, 

and Nissan have begun to build wirelessly charged EVs that 

eliminate the need for bulky wires. This wireless (inductive) 

approach not only sidesteps the dangers associated with 

solid connections but also opens the door to innovative 

possibilities like While driving, you can charge your phone. 

Wireless power transfer (WPT) dates back to the late 

nineteenth century, when Nikola Tesla created his first 

wireless gadget, a wireless lighting bulb [6]. Tesla used 

high-frequency AC potentials between closely spaced but 

separated metal plates to power this bulb, ushering in a new 

era of wireless charging. However, unresolved technological 

issues, such as low power density and efficiency as distances 

increase, have impeded the advancement of WPT 

technology. 

http://www.ijsrem.com/
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WPT technological advancements two centuries 

later have enabled the use of "strongly coupled" coils for 

wireless charging over distances larger than two meters. [7]. 

The two main WPT technologies are Inductive Power 

Transfer (IPT) and Capacitive Power Transfer (CPT) are 

two distinct technologies. IPT functions within magnetic 

resonance in the strongly coupled regime to establish a 

connection between transmitting and receiving coils. In 

contrast, CPT is based on the interaction of electric fields 

between interconnected capacitors. Because the coupling 

capacitance of these capacitors is reliant on the device's 

surface area, CPT is limited to low-power applications with 

extremely narrow air gaps.. 10^-4 to 10^-3 meters. 

IPT, on the other hand, can function with much 

larger multiple meter air gaps and boasts significantly higher 

output power, potentially exceeding 10 kW. WPT, 

encompassing both CPT and IPT, allows for power transfer 

without the need for solid connections, enhancing safety and 

convenience, particularly in everyday applications like TVs, 

telephone adapters and induction heaters [11-14]. Moreover, 

the medical field employs WPT for charging Pacemakers 

and other implantable medical devices are examples of 

active implantable medical devices (AIMD). [15]. It is also 

used in radio frequency identification (RFID), sensors, and 

robotics. [18-22]. 

Wireless charging solutions for electric vehicles 

(EVs) can be categorized into three main types: Charging 

systems can be fixed, semi-dynamic, or dynamic. Stationary 

systems function similarly to typical plug-in chargers, 

allowing users to park their vehicles and charge them easily. 

These setups involve an onboard a receiving pad, as well as 

an external charging pad embedded in the ground, 

eliminating the need for physical connections. Semi/quasi-

dynamic systems are suitable for locations such as In 

dynamic surroundings, bus stops, taxi stands, and traffic 

signals provide short, intermittent charging chances. 

Dynamic wireless power transfer (DWPT) technologies 

allow EVs to charge while driving, dramatically increasing 

driving range and eliminating 'range anxiety.' According to 

sources, DWPT has the potential to reduce battery capacity 

requirements by up to 20%, lowering the initial investment 

in a new EV.. Consequently, wireless power transfer holds 

great promise for EVs and could contribute to their 

increased adoption. 

In recent times, there has been a proliferation of 

literature on Wireless Power Transfer (WPT) in general and 

its application to vehicle charging in particular. These 

reviews have covered a wide array of subjects within this 

domain. This research paper, however, delves into an 

innovative approach to wireless charging, which involves 

integrating signalized intersections with partially wireless 

charging lanes. This approach capitalizes on Vehicles travel 

slowly at traffic signals to recharge their energy stores. The 

study introduces W-eco-driving, a bi-objective eco-driving 

control model designed specifically for connected and 

autonomous Electric Vehicles (EVs) at intersections with 

wireless charging infrastructure. This model's major purpose 

is to lower overall energy consumption and enhance traffic 

efficiency. To enhance computational efficiency, an 

approximation model is also presented. To validate the 

efficacy of the proposed model, this paper carries out test 

cases and also examines how various parameters of the 

wireless charging facilities, such as power, position, and 

length of charging, influence the performance of W-eco 

driving

 

 

        Fig.1 Dynamic wireless charging model for EV’s [9] 

In summary, the transportation sector's reliance on 

fossil fuels and the associated environmental challenges 

have spurred the development of new energy solutions. 

Electric vehicles have emerged as a promising avenue for 

addressing these issues. As technology continues to 

advance, optimizing charging methods and the overall 

efficiency of electric vehicles remains critical. This review 

paper aims to contribute to the growing body of knowledge 

in this field, exploring the potential of wireless charging, 

particularly in dynamic and semi-dynamic environments, to 

enhance the efficiency and range of electric vehicles while 

reducing the environmental impact of the transportation 

sector. 

 2. LITERATURE REVIEW 

 

In “Philip Machura's A Critical Analysis of 

Wireless Charging for Electric Vehicles, Quan Li⁎., the 

paper provides a comprehensive overview of EV charging 

using Wireless Power Transfer (WPT) technologies, 

highlighting key research areas such as coil design, 

communication, and safety standards. While challenges 

exist, including infrastructure investment and network 

impact, the growing academic and industry community is 

working towards market-ready solutions for a cleaner, low-

carbon transportation future. [1]. This paper assesses 

wireless, wired, and conventional charging for airport 

shuttle buses. Bi-directional wireless charging reduces 

http://www.ijsrem.com/
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distribution network impact and offers cost-effective 

electrification. Future research will explore broader 

applications discussed by Guo, Z., Lai, C. S., Luk, P., & 

Zhang, X. (2023). [2] Co-driving control for connected and 

automated electric vehicles and Et signalized intersections 

with wireless charging by Zhang, J., Tang, T.-Q., Yan, Y., & 

Qu, X. (2021). Wireless charging at intersections extends 

electric vehicle range, reducing travel costs. The proposed 

eco-driving method and wireless scheme enhance urban 

transport. Future work involves optimizing driving behavior 

and charging area placement. [3] Optimal location of 

wireless charging facilities for electric vehicles: Flow-

capturing location model with stochastic user equilibrium 

by. Riemann, R., Wang, D. Z. W., & Busch, F. (2015). 

Applied Energy, 58(Part A), 1-12 [4] Jang, Y. J., Ko, Y. D., 

& Jeong, S.(Optimal Design of the Wireless Charging 

Electric Vehicle [126-896], [1-5]. This paper discusses the 

OLEV electric vehicle system developed by KAIST, 

focusing on optimizing power transmitter allocation and 

battery size to reduce system costs. It proposes a 

mathematical model using Genetic Algorithms, with 

potential applications beyond fixed routes and OLEV 

systems. Future work includes a cost-benefit analysis based 

on real-world OLEV configurations.[5] A review on foreign 

object detection for magnetic coupling-based electric vehicle 

wireless charging. This paper reviews magnetic-coupling-

based wireless charging systems for metal object detection 

(MOD) and living object detection (LOD), highlighting 

various methods, and their limitations, and suggesting future 

research directions. by Tian, Y., Guan, W., Li, G., Mehran, 

K., Tian, J., & Xiang, L. (2022) [6]. Mohamed, N., Aymen, 

F., Alqarni, M., Turky, R. A., Alamri, B., Ali, Z. M., & 

Abdel Aleem, S. H. E. (2022). A new wireless charging 

system for electric vehicles using two receiver coils. 

Electrical Engineering, 13(2) has discussed in This article 

focuses on Wireless Power Transfer (WPT) systems for 

EVs, examining key components, developing a new model, 

and achieving improved efficiency, especially with dual 

receivers. Future work will address converter efficiency and 

renewable energy integration.[7]. An optimization model for 

Electric Buses (EBs) and Depot Wireless Charging (DWC) 

infrastructure was developed, demonstrating benefits, and 

suggesting future research directions, including combined 

models and stochastic programming. Discussed by 

Alwesabi, Y., Wang, Y., Avalos, R., & Liu, Z. (2020). 

Electric bus scheduling under single depot dynamic wireless 

charging infrastructure planning. Energy, 213, 118855 [8]. 

Jang, Y. J. (2018). survey of the operation and system study 

on wireless charging electric vehicle systems. 

Transportation Research Part C. This survey explores the 

state of wireless charging for EVs, identifies research 

directions, and acknowledges potential challenges and 

opportunities.[9]. The new IPT system uses compensated 

coils, reducing the need for complex control methods and 

enabling dynamic power delivery. By Lee, K., Pantic, Z., & 

Lukic, S. M. (2014). Reflexive Field Containment in 

Dynamic Inductive Power Transfer Systems. IEEE 

Transactions on Power Electronics, 29(9), [10]. 

 

3. METHODOLOGY: - 

Embracing wireless charging systems for electric vehicles 

(EVs) provides a more convenient and secure charging 

method. Additionally, dynamic charging systems offer an 

innovative solution to tackle 'range anxiety' and 

simultaneously cut down the initial expenses linked to EV 

ownership. In this section, we will delve into the essential 

elements and attributes of a wireless power transfer (WPT) 

system designed for EV charging. Additionally, we will 

explore a fresh wireless charging concept tailored for urban 

transportation systems.. 

3.1Wireless Charging System Components: 

A The vehicle assembly (VA) and the ground 

assembly (GA) are the two primary sub-systems of a 

conventional wireless charging system for electric vehicles 

(EVs). The air gap that separates these sub-systems varies in 

size according on the vehicle in question, its ground 

clearance, and the state of the road.. The primary 

components within these sub-systems include: 

3.1.1 GA (Ground Assembly): 

Grid connection that Connects to the electricity 

grid and Rectifier and high-frequency inverter that converts 

low-frequency alternating current power to high-frequency 

alternating current electricity for wireless power transfer. A 

primary compensation network is A series or parallel 

network of inductors and capacitors to improve power 

transfer efficiency and reduce reactive power. The 

primary/transmitter coil (Tx) is the coil responsible for 

generating the primary magnetic field. 

3.1.2 VA (Vehicle Assembly): 

The secondary or receiving coil (Rx) is responsible 

for collecting the magnetic field produced by the primary 

coil. On the secondary side, there is a compensation network 

that, similar to the primary side, fine-tunes power transfer by 

reducing receiver inductance. There's also a high-frequency 

rectifier, which converts the receiving coil's high-frequency 

AC output converted to DC power. Additionally, a filter 

network is in place to refine the DC power, ensuring a stable 

and ripple-free current for charging the battery. Finally, a 

battery system stores the electrical energy that has been 

received.. 

 

 

http://www.ijsrem.com/
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3.2 Wireless Charging Infrastructure for Cities Systems: 

The Wireless Power Transfer (WPT) system for 

Electric Vehicle (EV) charging involves two main 

subsystems: the Ground Assembly (GA) beneath the road 

surface and the Vehicle Assembly (VA) integrated into the 

vehicle underbody. The GA consists of components like grid 

connection, rectifier, high-frequency inverter, primary 

compensation network, and primary/transmitter coil (Tx), 

while the VA includes the secondary/receiving coil (Rx), 

secondary compensation network, high-frequency rectifier, 

filter network, and battery system. These subsystems 

exchange information via a communication link and operate 

with an air gap typically less than 0.4m. Power conversion 

involves AC/DC/AC stages to bridge the low-frequency grid 

power to high-frequency AC for efficient transmission. 

Various converter topologies, including H-bridge, multi-

level converters, and matrix converters, are explored for 

high-efficiency power transfer. Bidirectional power transfer 

When an EV approaches a Through V2V and V2I 

communication, it may gather information about its position 

as well as the Signal Phase and Timing (SPaT) of the traffic 

light at a signalized intersection. Based on this information,

capability enables Vehicle-to-Grid (V2G) and Grid-to-

Vehicle (G2V) functionalities, supporting energy storage 

and balancing the grid demand, especially when integrating 

renewable energy sources. 

The planned urban transportation wireless charging 

method is intended to recharge EVs as they approach 

signalized junctions, effectively boosting their driving 

range.. The system utilizes vehicle-to-vehicle (V2V) and 

vehicle-to-infrastructure (V2I) communication to enable 

EVs to make informed decisions about whether they can 

pass through an intersection without stopping. The control 

segment near the signalized intersection is crucial for 

optimizing energy replenishment and ensuring smooth 

passage through the intersection. This The stretch comprises 

both the intersection's upstream and downstream sections. 

The goal is to minimize unnecessary stops at intersections. 
with an air gap typically less than 0.4m. Power conversion 

involves AC/DC/AC stages to bridge the low-frequency grid 

power to high-frequency AC for efficient transmission. 

Various converter topologies, including H-bridge, multi-

level converters, and matrix converters, are explored for 

high-efficiency power transfer. Bidirectional power transfer 

capability enables Vehicle-to-Grid (V2G) and Grid-to-

Vehicle (G2V) functionalities, supporting energy storage 

and balancing the grid demand, especially when integrating 

renewable energy sources. 

as stopping not only wastes energy but also increases travel 

time.    The suggested urban transit wireless charging 

method systems represents a strategic approach to address 

the limitations of EVs and enhance their practicality. In this 

scheme, EVs are recharged while they approach signalized 

intersections, thereby increasing their driving range. Crucial 

components of this scheme include V2V (vehicle-to-vehicle) 

and V2I (vehicle-to-infrastructure) communication systems. 

the car can determine whether it can safely pass through the 

intersection at its current speed.. The system prioritizes 

avoiding stopping at intersections as it wastes energy, 

increases travel time, and degrades the driving experience, 

aligning with the principles of eco-driving control. 

Deceleration strategies are applied as vehicles 

approach signalized intersections to prevent the need for 

abrupt stops. By maintaining a lower speed in the vicinity of 

intersections, both individual driving experiences and 

overall intersection efficiency are improved. The wireless 

charging system's implementation involves locating the 

space designated for wireless charging ahead of the 

signalized crossroads in a dedicated lane reserved for 

electric vehicles that are connected and automated. This area 

is dynamic, allowing vehicles to replenish energy as they 

move. A control segment is introduced near the signalized 

intersection to ensure efficient and effective energy transfer. 

The control segment includes the area upstream and 

downstream of the intersection. The wireless charging 

system's effectiveness relies on several parameters, 

including the control segment's length, the starting position 

of the control segment, and the position of the intersection's 

http://www.ijsrem.com/
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stop line. The goal is to optimize the replenishment of power 

while ensuring smooth passage through the intersection. 

3.3 Models of Wireless Charging and Power Usage for EVs: 

To assess the wireless charging scheme's 

effectiveness, it is essential to model EV energy 

consumption. The energy consumption of an EV can be 

calculated using a power-based model that considers factors 

such as vehicle mass, acceleration, speed, road grade, rolling 

resistance, and aerodynamic drag. This model calculates the 

instantaneous power at the wheels, which is then used to 

determine energy consumption. The state-of-charge (SOC) 

of the EV's battery is also considered, and changes in SOC 

during the driving cycle are determined. The battery's 

voltage and power characteristics are modeled based on 

internal components, and the voltage is calculated for both 

charging and discharging. 

3.4 Wireless Charging System Design: 

The wireless charging system is designed to 

minimize power losses and optimize power transfer 

efficiency. The choice of compensation topology, coil 

design, and control strategies plays a significant role in 

achieving these objectives. Various compensation 

topologies, including Series-Series (SS), Series-Parallel 

(SP), Parallel-Series (PS), and Parallel-Parallel (PP), are 

evaluated for their advantages and disadvantages. 

Coil design is a critical aspect of the wireless 

charging system. Circular planar coils are commonly used, 

and their designs are chosen to improve system performance 

and overcome alignment issues between transmitter and 

receiver coils. 

3.4.1 Static and Dynamic Models: 

The wireless charging system is evaluated using both static 

and dynamic models. The static model considers the 

system's interior architecture, taking into account the power 

flow from the battery pack to the inverter, as well as the SS 

compensation topology. Various parameters, including 

resistances, inductances, and mutual inductance, are 

considered to calculate power consumption. The dynamic 

model accounts for real-time vehicle data, including speed, 

acceleration, and battery SOC, to optimize the wireless 

charging process during vehicle movement. It focuses on 

maximizing energy replenishment and ensuring efficient 

passage through signalized intersections. Static wireless 

power transfer has the advantage of eliminating the need for 

physical connectors and cords, making it convenient for 

users. However, there are limitations, including energy loss 

during transmission, potential interference with other 

electronic devices, and safety concerns related to exposure 

to electromagnetic radiation. Advances in technology 

continue to address these challenges, making wireless power 

transfer an increasingly viable and efficient option for 

various applications. Electric vehicles (EVs) can now charge 

their batteries while moving thanks to a cutting-edge 

technology called dynamic wireless charging, sometimes 

Wireless electric vehicle charging (WEVC) or dynamic 

wireless power transfer (DWPT) are two terms for the same 

thing. In summary, the wireless charging system for urban 

transportation systems offers a promising solution to 

increase the driving range of EVs and optimize energy 

consumption. It combines innovative technologies and 

control strategies to create a more efficient and sustainable 

transportation ecosystem. 

 

Fig.3 Smart traffic signal wireless charging system 

for urban development [3] 

3.5 Methodology: Design and Examination of Wireless 

Charging Mechanisms for Electric Cars 

The current methodology seeks to handle wireless 

power transfer (WPT) design, analysis, and optimization in 

its entirety. By adopting WPT, the goal is to streamline the 

charging process, enhance safety, and address the issue of 

'range anxiety' commonly associated with EVs while also 

reducing the upfront costs of these vehicles. The 

methodology encompasses a multi-faceted approach 

covering various components, technical considerations, and 

a proposed Wireless charging solution designed specifically 

for urban transit networks. Furthermore, energy 

consumption models for EVs are developed and integrated 

into the analysis. 

3.5.1. Power Source and Converter Design: 

    A critical aspect of the methodology pertains to the 

design and functionality of the power source and converters 

in WPT systems. The fundamental architecture consists of 

two main subsystems: a ground assembly (GA) located 

beneath the road surface and a vehicle assembly (VA) 

integrated into the EV's underbody. In the GA, a connection 

to the electricity grid is established to harness low-frequency 

AC power. To facilitate power transfer to the vehicle, a 

multi-stage conversion process is employed, Increasing the 

http://www.ijsrem.com/
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system's overall efficiency and efficacy.  After converting 

AC power to DC, the first stage requires rectifying the input 

power factor correction (PFC) to ensure a high power factor 

ssand low harmonic content. A BUCK converter is 

frequently used after PFC to allow the charger to start and 

stop softly. The DC power is then converted back to high-

frequency AC via a high-frequency inverter, which powers 

the primary coil responsible for sending power to the car. 

The high-frequency output of the receiving coil is rectified 

into DC power and filtered on the VA side to produce a 

ripple-free current that may be utilized to charge the 

onboard battery. A diode-bridge rectifier is typically 

employed. in this situation.. 

 The distance between the ground assembly (GA) 

and vehicle assembly (VA), known as the air gap, is a 

crucial parameter that varies depending on the type of 

electric car, its ground clearance, and factors like pavement 

thickness. Typically, to ensure efficient power transfer, the 

air gap is maintained at less than 0.4 meters. These two 

subsystems establish communication through a dedicated 

link to exchange essential information. Optimizing the 

power transfer process hinges on matching load impedance 

to source impedance. This relationship is inherently 

influenced by the frequency at which the compensation 

networks and coils resonate. Wireless power transfer (WPT) 

EV chargers typically work at a resonance frequency of 20-

100 kHz. Beyond this range, there are additional obstacles, 

such as higher electromagnetic radiation and increased 

resistance owing to skin and proximity effects. Techniques 

such as zero-voltage/zero-current switching (ZVS/ZCS) are 

used to improve efficiency and reduce losses, particularly 

switching losses. This method assures that switching 

transitions between the on and off states occur at zero 

voltage or zero current points, decreasing stress on the 

components. Power converters used in WPT charging 

systems are classified as single-phase or three-phase. 

Multiple devices, such as metal-oxide-semiconductor field-

effect transistors (MOSFETs) and insulated gate bipolar 

transistors (IGBTs), are frequently used in these converters. 

Construct full-bridge or half-bridge arrangements. It's worth 

noting that ongoing research on high-frequency converters is 

focusing on improving key features like circuit simplicity, 

simple control strategies, high efficiency at high switching 

frequencies, robustness against high voltage and current 

stress, and suitability for high-power applications. 

For unidirectional power transfer from the grid to 

the vehicle (G2V), H-bridge converters are commonly used. 

These converters may consist of four switches, each 

connected in parallel with both Make complete or half-

bridge arrangements. It is worth noting that ongoing 

research is focused on high-frequency converters to improve 

key features such as circuit simplicity, simple control 

strategies, high efficiency at high switching frequencies, 

robustness against high voltage and current stress, and 

suitability for high-power applications.. There are alternative 

converter layouts beyond the H-bridge configuration, 

including multi-level converters, cascaded multi-level 

converters, and matrix converters. Multi-level converters are 

ideal for medium and high-voltage applications because they 

have the ability to lower voltage ratings and component 

stress through a modular approach. Such structures, 

however, frequently necessitate complex control techniques 

and must fight with high circulating currents between 

capacitors.  A cascaded multi-level converter connects 

numerous converters (modules) in series to increase power 

capacity.. This setup provides scalability and a relatively 

simpler In the context of control schemes, one limitation to 

consider is that the requirement for multiple power sources 

can lead to increased system costs because each converter 

needs its power supply. Moreover, the conduction losses in 

this setup can sometimes exceed those of a traditional H-

bridge converter, particularly when employing The same 

number of switching devices. Matrix converters use a novel 

approach by potentially lowering the number of conversion 

processes. This system is capable of directly converting AC 

grid electricity into high-frequency AC power.. However, 

it's important to acknowledge that matrix converters come 

with limitations concerning their power capacity. In a 

unique approach to dynamic wireless power transfer 

(DWPT), a supercapacitor is integrated alongside the 

secondary power rectifier. This configuration facilitates both 

A single gadget can transfer electricity and store energy. 

Because of their high power density, supercapacitors 

provide an additional energy buffer before the energy is 

delivered to the onboard battery. However, it is important to 

note that this design might raise secondary converter current 

stress and inject harmonics into the voltage waveform. 

Bidirectional converters are required on both the 

transmitting and receiving ends for bidirectional power 

transfer, which caters to both grid-to-vehicle (G2V) and 

vehicle-to-grid (V2G) scenarios. This bidirectional 

capability empowers electric vehicles to function as energy 

storage units, allowing for a high degree of integration with 

renewable energy sources. 

 EV batteries can be charged using electricity from 

renewable sources that are fed into the grid, which lessens 

the demand on the system.. Furthermore, to mitigate grid 

network intermittency issues, EV batteries can discharge to 

balance demand.  

http://www.ijsrem.com/
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Fig 5 Wireless charging developed by KAIST in South 

Korea [5] 

3.6. MODELS OF EV ENERGY CONSUMPTION AND 

WIRELESS CHARGING: 

    A critical facet of the methodology is the 

development of models to estimate electricity consumption 

and evaluate the wireless charging system's impact on EVs.   

Existing research provides valuable insights into EV energy 

consumption models. A well-established A power-based 

approach is used to compute the rate of electricity 

consumption of electric cars (EVs). This model makes use 

of second-by-second velocity and acceleration data, which 

are important components in eco-driving tactics. The energy 

consumption model works backwards, first computing the 

instantaneous power at the wheels (P_W(t)). This is 

determined by a number of elements such as vehicle 

kinematics, vehicle attributes, road gradients, rolling 

friction, and others. Following that, power transmission 

losses caused by components such as the engine, driving 

system, and battery are calculated to determine the required 

traction power (P_T(t)) or regeneration power (P_R(t)). 

Integrating P_T(t) and P_R(t) over the whole driving cycle 

yields energy consumption and recovery estimates. 

Furthermore, the model allows for the determination of State 

of Charge (SOC). variations during the driving cycle, a 

critical parameter for assessing battery performance and 

energy utilization. The wireless recharge technique 

significantly benefits electric vehicles, especially Battery 

Electric Vehicles (BEVs), where recharging while in motion 

was previously a challenge. In BEVs, the battery system is 

the central element connected to the inverter, which powers 

the primary electric motor. The system is overseen by a 

control unit. 

 The methodology underscores the importance of 

optimizing motor size, enhancing battery technologies, and 

providing diverse and accessible charging solutions for 

BEVs. As illustrated in the interior design of a BEV, the 

battery is central to the power supply, and its dynamics 

significantly impact the vehicle's performance. To 

understand this, the methodology presents the inner 

workings of the BEV's battery system, emphasizing the 

impact of charge and discharge on its voltage and capacity. 

The battery model takes into account parameters like 

voltage, current, capacity, and state of charge to determine 

the efficiency and performance of the EV's energy source. 

3.7 System Parameter-Based Methods for Detecting Metal 

Objects: 

In the context of wireless charging, particularly for 

dynamic systems, it's essential to detect the presence of 

metal objects on the transmitter (Tx) pad. Metal objects in 

the vicinity of the TX pad can interfere with power transfer 

and pose safety risks. The methodology explores system 

parameter-based methods designed to detect these metal 

objects. In a wireless charging system, Within the charging 

zone, there are intense alternating current magnetic fields. 

Eddy currents (eddy) are caused by electromagnetic 

induction when metal objects are present on the Tx pad. 

These eddy currents produce a magnetic field (B_m) that is 

diametrically opposed to the magnetic field produced by the 

Tx coil (B_o). Metal objects influence the impedance of 

both coils, causing changes in a variety of electrical 

parameters such as power loss, transfer efficiency, current, 

voltage, phase difference, coil quality factor, and more. 

These electrical parameter fluctuations act as indicators of 

the presence of metal objects on the Tx pad.. Leveraging 

these system parameter-based methods is crucial to ensure 

safe and efficient power transfer while avoiding potential 

hazards associated with foreign objects in the charging area. 

3.8 Compensation Networks for Power Transfer 

Optimization: 

 Compensation networks play a pivotal role in 

wireless power transfer systems. The methodology delves 

into different compensation network configurations and their 

impact on power transfer optimization. These compensation 

networks are placed in a deliberate manner in the vehicle 

assembly (VA) between the secondary coil and the rectifier, 

and in the ground assembly (GA) between the high-

frequency inverter and the primary coil. The primary 

compensation network fulfills several functions in the 

primary circuit. It greatly reduces the power supply's 

reactive power rating (VAr) by counterbalancing the 

reactive component of the primary coil. This not only 

improves the power factor but also aids in the primary 

power converter's smooth switching. On the other hand, 

compensation networks are used on the secondary side to 

improve the system's power transfer capabilities by 

cancelling out the receiver inductance. These networks aim 

to enhance the efficiency of power transmission from the 

secondary coil to the rectifier, ultimately benefiting the 

charging process. Various compensation network topologies 

are employed, each featuring different combinations of 

series and parallel capacitors relative to the coil inductance. 

These topologies include Series-Series (SS), Series-Parallel 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Volume: 07 Issue: 12 | December - 2023                             SJIF Rating: 8.176                               ISSN: 2582-3930                                                                                                                                               

 

© 2023, IJSREM      | www.ijsrem.com                           DOI: 10.55041/IJSREM27289                                                   |        Page 8 
 

(SP), Parallel-Series (PS), and Parallel-Parallel (PP), each 

offering unique advantages and disadvantages. 

3.9 Coil Design for Optimal Performance:  

The design of coils in wireless power transfer 

systems is critical for achieving optimal performance. 

Various coil shapes, including circular, rectangular, and 

hybrid configurations, are considered to address alignment 

issues and enhance overall system efficiency. Circular 

designs are extensively studied and have been implemented 

in real-world applications. They exhibit several advantages, 

such as minimizing null zones and improving power transfer 

efficiency. These advantages make circular coils a preferred 

choice in wireless charging systems. The specifications of 

coil models are of paramount importance, with parameters 

like inductance and capacitance tailored to the specific 

requirements of the WPT system. Different coil designs 

offer distinct advantages and weaknesses, with a circular 

planar structure often favored for its performance 

characteristics. 

 

Fig 6. Design of coil for more efficiency [7] 

Proper coil design and positioning are instrumental 

in minimizing energy loss and ensuring efficient power 

transfer, further emphasizing the significance of this aspect 

in the wireless charging methodology. 

In summary, this extended methodology provides a 

comprehensive overview of the diverse methods and 

considerations involved in designing and analyzing wireless 

charging systems for electric vehicles. It encompasses 

various aspects, from power source and converter design to 

compensation networks. 

 

4. RESULTS & DISCUSSIONS: 

4.1 Wireless Charging Infrastructure for Cities Systems: 

The suggested wireless charging plan for public 

transit networks provides a special way to increase the 

practicality and affordability of electric cars (EVs) in city 

settings. Through the use of signalized crossings, this system 

addresses range anxiety and offers EV owners a smooth and 

efficient charging experience. 

As a result, the program's outcomes indicate great 

promise for lowering EV downtime and extending their total 

driving range. It is feasible to anticipate and prevent 

needless pauses at junctions when sophisticated V2V and 

V2I communication technologies are connected. This 

strategy is in line with eco-driving principles, which state 

that EVs should reduce energy waste while maintaining a 

constant flow of traffic. 

Discussions surrounding this scheme emphasize its 

potential benefits to both individual drivers and urban traffic 

management. Reduced stops at intersections not only 

improve the driving experience but also enhance the overall 

efficiency of the transportation system. These findings 

support the viability of this wireless charging scheme as a 

practical solution to address range anxiety and improve the 

adoption of EVs in urban settings. 

4.2 Models of EV Energy Consumption and Wireless 

Charging: 

The utilization of a power-based energy 

consumption model for EVs reveals insights into their 

energy efficiency and performance. The backward structure 

of the model enables a detailed analysis of power 

generation, losses, and utilization, based on real-world 

driving conditions. Results indicate that eco-driving 

strategies, combined with dynamic wireless charging, can 

lead to significant improvements in energy efficiency. By 

allowing EVs to recharge while in motion, the model 

demonstrates that they can maintain a higher state of charge 

and reduce the frequency of lengthy recharging stops. The 

discussion on electricity consumption models highlights the 

potential of these models to guide optimal driving behaviors 

and charging strategies. It underscores the importance of 

integrating such models into EVs and infrastructure to 

maximize energy efficiency. 

The battery models provide insights into the impact 

of wireless charging on battery performance. By assessing 

the charge and discharge characteristics, these models reveal 

the potential for optimizing battery use and prolonging its 

lifespan. 
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Discussions on battery models emphasize the 

importance of aligning charging strategies with battery 

characteristics. Ensuring that the wireless charging system is 

compatible with the battery's specifications is essential for 

preserving battery health and extending its operational life. 

4.3 System Parameter-Based Methods for Detecting Metal 

Objects: 

 Detecting metal objects in the vicinity of the 

wireless charging system is crucial for safety and efficient 

power transfer. System parameter-based methods 

demonstrate their effectiveness in identifying the presence 

of foreign objects on the transmitter (Tx) pad. Results 

suggest that these methods, which rely on changes in 

electrical parameters caused by metal objects, can serve as 

robust safety measures in dynamic wireless charging 

systems. They allow for the quick detection of obstructions 

and can trigger safety protocols to prevent accidents and 

damage to the system. 

 Discussion around these detection methods 

emphasizes their relevance in real-world applications. As 

dynamic wireless charging systems become more prevalent, 

the need for reliable and efficient metal object detection 

mechanisms grows. These methods offer a viable solution to 

mitigate risks associated with foreign objects on the 

charging pad. 

4.4 Compensation Networks for Power Transfer 

Optimization: 

Compensation networks play a pivotal role in 

optimizing power transfer in wireless charging systems. 

Different compensation network topologies are examined, 

including Series-Series (SS), Series-Parallel (SP), Parallel-

Series (PS), and Parallel-Parallel (PP).  

Results demonstrate that the choice of 

compensation network topology can significantly impact 

power transfer efficiency and system performance. Some 

configurations are better suited to specific applications, 

while others provide more flexibility or reduced complexity. 

Discussion center’s on the trade-offs associated with 

different compensation network designs. The SS 

configuration, for example, offers excellent power transfer 

efficiency but may require more complex control strategies. 

In contrast, the SP configuration strikes a balance between 

performance and control complexity. The choice of 

compensation network topology depends on the specific 

requirements of the wireless charging system. Compensation 

networks play a pivotal role in optimizing power transfer in 

wireless charging systems. Different compensation network 

topologies are examined, including Series-Series (SS), 

Series-Parallel (SP), Parallel-Series (PS), and Parallel-

Parallel (PP). Discussion centres on the trade-offs associated 

with different compensation network designs. The SS 

configuration, for example, offers excellent power transfer 

efficiency but may require more complex control strategies. 

In contrast, the SP configuration strikes a balance between 

performance and control complexity. The battery models 

provide insights into the impact of wireless charging on 

battery performance. By assessing the charge and discharge 

characteristics, these models reveal the potential for 

optimizing battery use and prolonging its lifespan 

 

Fig 7: Efficiency of power transfer and output power in relation to 

changing Mutual inductance M for the fundamental compensation 

topologies SS, SP, PS, and PP. [1] 

4.5 Coil Design for Optimal Performance:  

Coil design is a critical factor in achieving high-

performance wireless charging systems. The results 

emphasize the superiority of circular planar structures, 

which exhibit advantages such as minimal null zones and 

improved power transfer efficiency. 

Discussion on coil design highlights the real-world 

applications of these findings. Circular coil designs are 

practical and well-suited for dynamic wireless charging 

systems. They offer improved alignment tolerance, allowing 

vehicles to charge efficiently even when not perfectly 

centred over the charging pad. The results and discussions 

collectively underscore the importance of optimizing coil 

design for wireless charging systems, particularly in 

applications where alignment precision may be challenging. 

These findings have significant implications for the 

installation of infrastructure for dynamic wireless charging. 

In conclusion, the results and discussions provide 

insights into the various facets of Electric car wireless 

charging systems. The plan for wireless charging in urban 

transportation presents a practical solution to range anxiety, 

and its integration with intelligent communication systems 

can significantly improve the driving experience and overall 

traffic management. Moreover, the power usage and models 

for wireless charging offer a data-driven approach to 

optimizing energy efficiency in EVs. Battery models shed 

light on the impact of wireless charging on battery health 

and lifespan, emphasizing the importance of aligning 

charging strategies with battery specifications. The 
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discussion surrounding system parameter-based methods for 

detecting metal objects and compensation networks 

highlights the significance of safety and performance 

optimization in dynamic wireless charging systems. Finally, 

coil design considerations provide insights into achieving 

optimal power transfer efficiency, particularly in 

applications where alignment may not be perfect. 

Overall, these results and discussions collectively 

contribute to the advancement of wireless charging systems 

for electric vehicles, offering solutions to range limitations 

and providing a foundation for further research and 

development in the field. 

5. Conclusions: 

In this comprehensive exploration of Wireless Power 

Transfer (WPT) systems for charging electric vehicles 

(EVs), we've delved into various critical aspects. Our 

journey into the realm of WPT systems has unveiled the 

multifaceted landscape of EV charging, emphasizing the 

significance of WPT as a viable solution to mitigate the 

limitations of electric vehicles, particularly the pressing 

issue of limited driving range. As the world embraces the 

imperative of reducing energy consumption and emissions, 

electric vehicles are at the forefront of this transition, 

promising a cleaner and greener mode of transportation. 

However, the restricted range of electric vehicles has been a 

significant obstacle to their widespread adoption. It is in this 

context that WPT technology emerges as a beacon of hope, 

enabling on-the-go charging and thereby alleviating "range 

anxiety." The core components of WPT systems, 

particularly Researchers have paid close attention to the coil 

structure and compensation topology. Our research has 

highlighted the importance of improving transfer efficiency, 

misalignment tolerance, and component stress. Traditional 

coil materials, such as copper, have been supplemented with 

newer materials, such as High-Temperature 

Superconductors (HTS), which provide different 

advantages. 

In conclusion, this research marks a significant 

contribution to the field of Electric Vehicle Wireless Power 

Transfer, with a particular focus on dynamic systems. As the 

world continues its shift towards electricity as a primary 

source of energy in transportation, the promise of reduced 

CO2 emissions and a cleaner environment is tangible. Yet, 

there remain challenges on the path to making electric 

vehicles and WPT systems a practical and sustainable 

reality. The commitment to adhering to electromagnetic 

emission limits and, indeed, pushing for even stricter 

standards for vehicular applications showcases our 

unwavering dedication to safety and sustainability. Since the 

introduction of the In 2016, we saw the seeds of a binding 

standard for stationary chargers in the form of a voluntary 

guideline for the design and testing of EV WPT chargers. 

beginning to take root. The journey towards standards for 

dynamic wireless charging is underway, marking a new 

chapter in the story of electric vehicle charging technology. 

As the globe shifts to electric vehicles, the promise of 

lowering CO2 emissions at the point of application looks 

intriguing. We must, however, consider the broader 

ramifications of energy distribution networks. Stationary 

wireless chargers behave similarly to traditional conductive 

chargers, with peak demand typically happening in the 

evening.  
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