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Abstract

The rapid adoption of electric vehicles (EVs) is
driven by their environmental sustainability and
cost efficiency; however, challenges such as
prolonged charging time and inadequate charging
infrastructure in remote areas limit their widespread
usability. This work proposes a solar-powered
dynamic wireless charging system that enables EVs
to be charged while in motion, eliminating the need
for stationary charging and dependence on grid
power. The system utilizes solar panels to generate
energy, which is stored in a battery and conditioned
through power conversion circuits, including a
transformer and voltage regulator. The processed
energy is transmitted wirelessly via embedded
transmitter coils integrated into the roadway, while
a receiver coil mounted on the vehicle captures the
energy through inductive coupling. The received
power is then rectified and regulated using an AC-
to-DC converter to charge the vehicle battery. An
embedded microcontroller (ATmega) monitors
system parameters such as voltage and displays
real-time data on an LCD interface, with optional
Bluetooth connectivity for control and monitoring.
This approach demonstrates an efficient,
contactless, and sustainable charging solution that
reduces downtime, enhances driving range, and
supports the development of smart transportation
infrastructure, particularly in off-grid and rural
environments.

I. Introduction

The increasing concerns over environmental
pollution, depletion of fossil fuels, and rising energy
demand have accelerated the global transition
toward electric vehicles (EVs) as a sustainable
transportation solution [1]. EVs significantly reduce
greenhouse gas emissions and offer improved
energy efficiency compared to conventional
internal combustion engine vehicles, making them
a key component of future smart and green mobility
systems [2]. Despite these advantages, the
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widespread adoption of EVs is hindered by critical
challenges such as long charging duration, limited
driving range, and inadequate charging
infrastructure, especially in rural and remote
regions [3]. Conventional plug-in charging methods
also introduce issues such as cable wear, safety
hazards, and dependency on grid-based power
sources [4].

To address these limitations, wireless power
transfer (WPT) technology has emerged as a
promising alternative for EV charging, enabling
contactless energy transfer between a power source
and a vehicle through electromagnetic fields [5].
Inductive power transfer (IPT), a widely used WPT
technique, operates on the principle of magnetic
coupling between transmitter and receiver coils,
offering high efficiency, safety, and convenience
[6]. Research in this domain has evolved from
stationary wireless charging systems to more
advanced quasi-dynamic and fully dynamic
charging systems, where vehicles can be charged
while in motion using coils embedded beneath road
surfaces [7]. Dynamic wireless charging
significantly reduces range anxiety and minimizes
the need for large onboard batteries, thereby
improving overall system efficiency [8].

Recent advancements have also focused on
integrating renewable energy sources, particularly
solar energy, with wireless charging systems to
enhance sustainability and reduce dependence on
conventional power grids [9]. Solar-powered EV
charging systems utilize photovoltaic panels to
harvest clean energy, which can be stored and
transmitted wirelessly, making them highly suitable
for off-grid and remote applications [10]. The
combination of solar energy with inductive wireless
charging not only supports eco-friendly
transportation but also ensures uninterrupted power
availability and reduced operational costs [11].

Technological developments in power electronics,
high-frequency converters, and resonant coupling
techniques have further improved the efficiency and
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scalability of wireless EV charging systems [12].
Modern systems can achieve high power transfer
efficiency and support applications ranging from
low-power devices to high-capacity EV charging
infrastructures [13]. Additionally, intelligent
control systems and embedded microcontrollers
enable real-time monitoring, voltage regulation,
and communication between vehicle and
infrastructure, enhancing system reliability and
performance [14].

Therefore, the integration of solar energy with
dynamic wireless power transfer presents a
transformative solution for next-generation EV
charging infrastructure. It addresses key challenges
related to charging time, accessibility, and
sustainability while supporting the development of
smart cities and intelligent transportation systems
[15].

IL. Literature Survey

Recent research in wireless electric vehicle (EV)
charging has focused on improving efficiency,
convenience, and sustainability through advanced
wireless power transfer (WPT) technologies. Early
studies on WPT systems highlighted the potential of
contactless charging to eliminate physical
connectors and enhance user safety, while also
addressing issues such as maintenance and
reliability [16]. The fundamental concept of
inductive  wireless  charging, based on
electromagnetic induction between transmitter and
receiver coils, has been widely explored and
remains the most practical approach for EV
applications due to its high efficiency and simplicity
[17].

Several researchers have investigated different
wireless charging techniques, including inductive,
capacitive, and magnetic resonance methods,
concluding that inductive power transfer (IPT) is
the most suitable for EVs because of its robustness
and ability to operate efficiently under varying
conditions [18]. Studies have also compared static,
quasi-dynamic, and dynamic charging systems,
where dynamic wireless charging—allowing
vehicles to charge while moving—has been
identified as a promising solution to overcome
range limitations and reduce charging downtime
[19].

Recent advancements have focused on optimizing
system components such as compensation circuits,
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coil structures, and power converters to improve
energy transfer efficiency and reduce losses caused
by misalignment and leakage inductance [20].
Researchers have also emphasized the importance
of maintaining stable voltage output and
minimizing power fluctuations to ensure safe
battery charging and long-term reliability of EV
systems [21].

Integration of renewable energy sources,
particularly solar energy, with wireless EV charging
has gained significant attention in recent years.
Solar-powered wireless charging systems provide a
sustainable and eco-friendly alternative by reducing
dependency on conventional grid power and
enabling deployment in remote or off-grid locations
[22]. Prototype systems combining solar panels
with inductive charging and loT-based monitoring
have demonstrated the feasibility of real-time
battery management and efficient energy utilization
[23].

In addition, dynamic wireless charging systems
using resonant inductive coupling have been
developed, where transmitter coils are embedded
beneath road surfaces and receiver coils are
mounted on vehicles, enabling continuous charging
during motion [24]. These systems significantly
reduce range anxiety and allow for smaller battery
sizes, though challenges such as infrastructure cost,
alignment, and efficiency optimization remain areas
of active research [25].

Overall, the literature indicates that wireless EV
charging, particularly when combined with solar
energy and dynamic charging techniques, has
strong potential to revolutionize transportation
systems. However, further research is required to
address challenges related to efficiency, cost, large-
scale deployment, and standardization.

II1. Proposed Methodology

The proposed system presents a solar-powered
dynamic wireless charging mechanism for electric
vehicles (EVs) using inductive power transfer
(IPT). The methodology is designed to ensure
continuous, contactless charging while minimizing
dependency on conventional grid infrastructure.

Initially, solar panels capture sunlight and convert it
into electrical energy in the form of DC power. This
generated power is stored in a rechargeable battery
through a charge control mechanism to ensure
stable energy availability even during low sunlight
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conditions. The stored DC power is then converted following major components:
into high-frequency AC using a transformer and
power conditioning circuit, as AC is required for 1. Solar Panel

efficient wireless transmission.
The solar panel converts solar energy into

The regulated AC power is supplied to transmitter electrical energy (DC). It acts as the primary
coils embedded beneath the road surface. These renewable energy source for the system,
coils generate an alternating electromagnetic field. making it independent of grid supply.

When an EV equipped with a receiver coil passes

over these coils, electromagnetic induction occurs, 2. Battery Storage

and electrical energy is transferred wirelessly to the

vehicle.

The generated DC power is stored in a battery.

) . o This ensures continuous operation even during
The received power in the vehicle is then passed night time or low sunlight conditions.

through an AC-to-DC converter (rectifier + filter) to
convert it back into stable DC suitable for charging
the EV battery. A voltage regulation unit ensures
that the charging voltage remains within safe limits.

3. Transformer & Power Conversion Unit

The stored DC power is converted into AC
using inverter/transformer circuitry. AC power
is essential for generating alternating magnetic
fields required for wireless power transfer.

An ATmega microcontroller is used for system
monitoring and control. It measures parameters
such as input/output voltage and system status. The
data is displayed on an LCD display for real-time
monitoring. Additionally, an HC-05 Bluetooth
module can be integrated for wireless
communication, enabling remote monitoring and
control of the system.

4. Voltage Regulator
This unit stabilizes the voltage to ensure safe
and efficient operation of the transmitter coils

and other electronic components.

Battery Thansfommer 5. Transmitter Coils (Road Embedded)

Regulator

LCD Display

These coils are embedded beneath the road
surface. When energized with AC, they produce
an alternating electromagnetic field used for

Solar Panel

ﬂ:ﬁ L) wireless power transmission.
Tf o 6. Receiver Coil (Vehicle Side)
©0 Mounted underneath the EV, this coil receives

. % energy through electromagnetic induction

s when aligned with the transmitter coils.
) (] AC to DC Converter

7. AC to DC Converter

Figl: Block Diagram The induced AC power in the receiver coil is

converted back to DC using rectifier and filter
circuits, making it suitable for charging the EV
battery.

This methodology ensures:

¢ Continuous charging while the vehicle is in

motion ) ) ) 8. ATmega Microcontroller
e Reduced charging time and downtime
o Sustainable operation using solar energy The microcontroller  monitors  system

o Safe and efficient wireless energy transfer

. . arameters such as voltage levels and controls
e The block diagram consists of the P g
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the charging process. It ensures efficient and
safe operation.

9. LCD Display

Displays real-time information such as voltage,
charging status, and system conditions for user
awareness.

10. Bluetooth Module (HC-05)

Enables  wireless = communication  for
monitoring and controlling the system remotely
via mobile devices.

Iv. Working of the System

The proposed solar-powered wireless EV charging
system begins its operation with the solar panel,
which captures sunlight and converts it into
electrical energy in the form of direct current (DC).
This energy is stored in a rechargeable battery
through a charge control mechanism, ensuring a
continuous power supply even during low sunlight
or nighttime conditions. The stored energy acts as
the primary source for the entire charging system.

The DC power stored in the battery is then
processed through a power conversion stage, where
it is converted into alternating current (AC) using a
transformer or inverter circuit. This conversion is
essential because wireless power transfer through
inductive coupling requires an alternating magnetic
field, which can only be generated using AC supply.
A voltage regulator is also used at this stage to
maintain a stable and safe voltage level for efficient
system performance.

The regulated AC power is supplied to the
transmitter coils, which are embedded beneath the
road surface. These coils generate an alternating
electromagnetic field around them. When an
electric vehicle equipped with a receiver coil moves
over these embedded coils, the varying magnetic
field induces an electric current in the receiver coil
based on the principle of electromagnetic induction.

On the vehicle side, the receiver coil captures the
transmitted energy in the form of induced AC
power. This received power is then passed through
an AC-to-DC conversion circuit, which includes a
rectifier and filter to convert the alternating current
back into stable direct current suitable for charging
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the EV battery. This ensures that the battery
receives a consistent and safe charging supply.

An ATmega microcontroller is integrated into the
system to monitor important parameters such as
input voltage, output voltage, and charging status.
The microcontroller processes this data and ensures
that the system operates within safe limits. It also
helps in controlling the charging operation
efficiently.

The system status and voltage levels are displayed
in real-time on an LCD display, allowing users to
monitor the charging process easily. Additionally,
an optional HC-05 Bluetooth module enables
wireless communication, allowing remote
monitoring and control of the system through a
mobile device.

Overall, the system enables continuous and
contactless charging of electric vehicles while in
motion, powered entirely by solar energy. This
reduces dependency on conventional charging
stations, minimizes charging time, and provides an
efficient and sustainable solution for future smart
transportation systems.

V. Experimental Results and
Performance Analysis

The proposed solar-powered wireless EV charging
system was experimentally evaluated using a
prototype model consisting of a solar panel, battery
storage, inductive coils, power conversion circuits,
and a microcontroller-based monitoring unit. The
performance of the system was analyzed based on
parameters such as input voltage, output voltage,
power transfer efficiency, charging time, and coil
alignment.

The experimental setup demonstrated that the
system successfully transmits power wirelessly
through inductive coupling when the transmitter
and receiver coils are properly aligned. The solar
panel generated sufficient energy under standard
sunlight conditions, which was stored in the battery
and later used for wireless transmission. The AC
conversion stage effectively generated the
alternating magnetic field required for power
transfer.

During testing, it was observed that the efficiency
of power transfer depends on distance and
alignment between coils. Maximum efficiency was
achieved when the vehicle-mounted receiver coil
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was directly above the embedded transmitter coil.
As the distance or misalignment increased, the
efficiency decreased gradually. However, the
system maintained stable operation within a
practical  range  suitable for  real-world
implementation.

Performance Comparison Table

Feature Conventional | Proposed
Charging System
Charging Wired Wireless
Method (Inductive)
Charging 1-3 hours Reduced
Time (Dynamic
charging)
Infrastructure | Grid Solar-based
Requirement | dependent (independent)
Mobility Stationary Charging
while moving
Maintenance | High (cables, | Low (no
ports) physical
contact)
Suitability for | Limited Highly
Remote Areas suitable
Experimental Results Table
Parameter Observed | Remarks
Value
Solar Panel | 12V — 18V | Depends on
Output Voltage sunlight
intensity
Battery Storage | 12V Stable DC
Voltage supply
Transmitter 12V AC After
Coil Input conversion
Receiver Coil | 9V -11V Induced voltage
Output
Charging 0.5A - 1A | Based on load
Current
Power Transfer | 70% — 85% | At optimal
Efficiency alignment
Charging 2cm—5cm | Effective
Distance wireless range
Response Time | <2 seconds | Immediate
induction
VL Conclusion and Future Scope

The proposed solar-powered dynamic wireless
charging system for electric vehicles successfully
demonstrates an efficient, eco-friendly, and
contactless solution to overcome key challenges
such as long charging time and limited charging
infrastructure. By integrating solar energy with
inductive wireless power transfer, the system
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enables continuous charging while the vehicle is in
motion, reducing dependency on conventional grid-
based charging stations and minimizing operational
downtime. The experimental results confirm that
the system provides stable performance with
satisfactory efficiency under optimal alignment and
distance conditions. In the future, the system can be
enhanced by implementing resonant inductive
coupling for higher efficiency, advanced coil
designs for improved alignment tolerance, and
smart control systems using loT and Al for real-
time optimization and monitoring. Additionally,
large-scale deployment of road-embedded charging
infrastructure and integration with smart grids can
further support sustainable transportation and the
development of intelligent urban mobility systems.
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