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ABSTRACT

The increasing adoption of electric vehicles (EVs) marks a major step toward clean and sustainable
transportation. However, the dependency on stationary charging infrastructure and long charging
durations limit the practical usability of EVs. This paper presents an innovative approach to Dynamic
Wireless Electric Vehicle Charging (DWPT) using Embedded Road Coils, which enables vehicles to
charge while in motion through electromagnetic induction. The proposed system utilizes transmitting
coils embedded under the road surface and a receiving coil installed beneath the vehicle. The design
integrates a high-frequency inverter, resonant tank circuit, and Arduino-based control unit to ensure
stable and efficient energy transfer. A prototype was developed to validate the concept, achieving up to
70% power transfer efficiency across a 2-5 cm air gap under dynamic conditions. The project
demonstrates the feasibility of continuous and contactless charging for electric vehicles, thereby
reducing battery size requirements, eliminating charging downtime, and supporting the future
development of smart transportation systems and green mobility infrastructure.

Keywords:- Dynamic Charging, Electric Vehicle, Wireless Power Transfer, Embedded Road Coil,
Arduino, Resonant Coupling

. INTRODUCTION

The transition from conventional fuel-based transportation to electric mobility has gained momentum
worldwide due to concerns over environmental pollution and the depletion of fossil fuels. Electric
vehicles (EVs) provide a sustainable solution but still face major limitations such as limited driving
range, lengthy charging times, and dependency on stationary charging stations. Traditional plug-in
charging systems require the wvehicle to stop and connect to a power source, reducing operational
flexibility and user convenience.

To address these challenges, Dynamic Wireless Power Transfer (DWPT) technology is emerging as a
promising solution that enables vehicles to charge while in motion. In this

system, transmitting coils embedded beneath the road generate a magnetic field that induces current in the
receiver coil mounted beneath the vehicle. This contactless charging method eliminates the need for physical
connectors and allows continuous charging, thereby extending driving range and reducing the required battery
capacity.

The proposed project, “Dynamic Wireless EV Charging using Embedded Road Coil,” focuses on
developing a working prototype that demonstrates efficient power transfer between a stationary road coil
and a moving receiver coil using Arduino-based control and high- frequency switching circuits. This work

contributes toward developing smart city infrastructure for sustainable and intelligent transportation.
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Fig-1: on-road coils transferring power to EVs while moving.

2. METHODOLOGY

2.1 Theoretical Study:

Investigated principles of electromagnetic induction and resonant coupling for wireless energy transfer.
Studied the effect of coil geometry, air gap, and frequency on power transfer efficiency.

2.2Design Stage:

Designed transmitter and receiver coils using enameled copper wire (AWG 20).

Implemented an LC resonant circuit for efficient power transfer at 50-100 kHz frequency.

Developed inverter and rectifier circuits to convert DC to high-frequency AC and back to DC.
2.3Control System:

Used Arduino Uno for inverter control and switching operation.

Integrated sensors (ACS712 current, voltage divider) for monitoring charging parameters.

2.4Prototype Implementation:

Constructed road model with embedded transmitting coil powered by a DC supply (12— 24 V).
Installed receiver coil beneath a small EV model equipped with a rechargeable battery and DC motor.
2.5Testing and Analysis:

Measured output voltage, current, and efficiency at different distances and alignments.

Verified system stability under static and dynamic conditions

Fig-2: Dynamic wireless EV charging road mbedded coil.
3. MODELING AND ANALYSIS

The wireless charging system is modeled as a coupled resonant circuit consisting of a
transmitting coil (primary) and a receiving coil (secondary).

3.1 Power Transmission Principle:

When alternating current flows through the transmitter coil, it generates a varying magnetic field. This
field induces an electromotive force (EMF) in the receiver coil based on Faraday’s law of electromagnetic
induction.

3.2 Mathematical Model:

The mutual inductance (M) between coils determines the efficiency of energy transfer, expressed as:
M=k V(LIL2)

where k is the coupling coefficient, and L, and L: are the self-inductances of the transmitter and receiver
coils.

3.3 Resonant Compensation:
Both sides are tuned using capacitors to resonate at the same frequency, minimizing reactive losses
and maximizing power transfer.

3.4 System Components:

i.Input Voltage: 12-24 V DC
ii.Operating Frequency: 50-100 kHz
iii.Output Voltage: 5-12 VV DC
iv.Transmission Distance: 2-5 c¢cm
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v.Efficiency: 60-80% (targeted)
Simulation and circuit modeling were performed using MATLAB/Simulink to verify coil alignment,
power factor, and current flow characteristics.

3.CONCLUSIONS

The project “Dynamic Wireless EV Charging using Embedded Road Coil” successfully demonstrates a
cost- effective and efficient method of wirelessly charging electric vehicles while in motion. The
developed prototype highlights that using resonant inductive coupling, it is possible to transfer energy
across small air gaps without physical contact.

This technology minimizes the need for stationary charging, reduces battery capacity requirements, and
supports the development of smart transportation systems. Future work includes scaling the system for
high-power applications, implementing renewable energy integration, and developing automated vehicle
detection and alignment systems for real-world highways.
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