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Abstract. Wireless power transfer (WPT) systems have emerged as a
transformative technology for charging portable electronics, offering
convenience, efficiency, and flexibility. This comprehensive review
explores the fundamental principles, advancements, and applications of
WPT systems, focusing on their integration into portable electronic
devices. The study examines various WPT techniques, including
inductive coupling, magnetic resonance, and radio frequency-based
methods, highlighting their strengths, limitations, and suitability for
different use cases. Additionally, the review addresses key challenges
such as energy efficiency, transmission range, safety, and
standardisation while discussing recent innovations and future trends in
the field. By providing a holistic perspective on WPT systems, this
review aims to contribute to developing and optimising wireless
charging solutions for portable electronics.
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INTRODUCTION

Wireless power transfer (WPT) technology is
revolutionising portable electronic device charg-
ing, offering a cable-free, convenient, and effi-
cient alternative to traditional wired charging
methods. As the demand for portable electronics
such as smartphones, laptops, wearables, and
medical devices grows, reliable and efficient
charging solutions have become increasingly crit-
ical. WPT systems enable energy transmission
from a power source to an electronic device
without physical connectors, enhancing user
convenience and reducing wear and tear associ-
ated with repeated plugging and unplugging [1].
This technology has gained significant attention
recently, with applications ranging from con-
sumer electronics to electric vehicles and indus-
trial automation [2]. The concept of wireless
power transfer dates back to the late 19th centu-
ry when Nikola Tesla first demonstrated the
transmission of electrical energy without wires
using electromagnetic fields [3]. However, in the
past two decades, WPT has seen significant ad-
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Wireless Charging; Energy Efficiency.

vancements driven by breakthroughs in power
electronics, materials science, and communica-
tion technologies. Modern WPT systems primari-
ly rely on three key methods: inductive coupling,
magnetic resonance coupling, and radio frequen-
cy (RF) energy transfer. Each method has unique
advantages and limitations, making it suitable for
different applications and use cases [4]. Inductive
coupling, the most widely adopted WPT method,
operates on the principle of electromagnetic in-
duction between two coils: a transmitter and a
receiver. This method is highly efficient for short-
range applications, such as smartphone charging
pads and electric toothbrushes [5]. However, its
efficiency decreases significantly with increasing
distance between the coils, limiting its applicabil-
ity for long-range power transfer.

On the other hand, magnetic resonance coupling
addresses this limitation by enabling mid-range
power transfer with higher efficiency. This meth-
od relies on the resonant coupling of magnetic
fields between two coils tuned to the same fre-
quency, allowing energy transfer over distances
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of several meters [6]. Radiofrequency (RF) ener-
gy transfer represents another promising ap-
proach, particularly for low-power applications
such as wireless sensors and Internet of Things
(IoT) devices. RF-based WPT systems transmit
energy through electromagnetic waves, enabling
power delivery over longer distances. However,
this method faces energy efficiency and safety
challenges, as the power density of RF signals de-
creases with distance and may pose health risks
at high power levels [7]. Despite these challenges,
RF-based WPT systems have found applications
in wireless sensor networks, biomedical im-
plants, and remote charging of IoT devices [8].
The growing adoption of WPT systems has also
highlighted the need for standardisation and
safety regulations. Organisations like the Wire-
less Power Consortium (WPC) and the AirFuel
Alliance have developed standards for interoper-
ability and safety across different WPT technolo-
gies [9]. These standards address key issues such
as electromagnetic interference (EMI), thermal
management, and alignment tolerance, ensuring
that WPT systems are safe and reliable for con-
sumer use. This comprehensive review aims to
provide an in-depth analysis of WPT systems for
charging portable electronics, covering their fun-
damental principles, technological advance-
ments, and applications. The review also ex-
plores the challenges and limitations of current
WPT technologies, including energy efficiency,
transmission range, and safety concerns.

Furthermore, it discusses emerging trends and
future directions in the field, such as integrating
WPT with renewable energy sources, developing
multi-device charging systems, and using artifi-
cial intelligence (Al) to optimise power transfer
efficiency. This review seeks to contribute to the
ongoing development and optimisation of WPT
systems for portable electronics by synthesising
insights from a wide range of scholarly articles
and industry reports. The following sections
delve into the technical aspects of WPT technolo-
gies, their applications, and the challenges that
must be addressed to realise their full potential.

RESULTS AND DISCUSSION

Fundamentals of Wireless Power Transfer
(WPT) Systems. Wireless Power Transfer (WPT)
systems have emerged as a transformative tech-
nology, enabling the transmission of electrical
energy without physical connectors. This section
explains the basic principles of WPT, including
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electromagnetic induction, magnetic resonance
coupling, and RF energy transfer. It discusses the
key components of WPT systems: foundational
studies and recent advancements, which provide
a comprehensive understanding of the field.

t i Coupling
| Devices

Power Source H Transmitter

Receiver H Load l

Figure 1 - Block Diagram of WPT

Basic Principles of WPT. Electromagnetic induc-
tion is the principle behind inductive coupling,
the most widely used WPT method. Michael Far-
aday discovered this phenomenon in 1831,
demonstrating that a changing magnetic field can
induce an electric current in a nearby conductor.
In WPT systems, a transmitter coil generates an
alternating magnetic field, which causes a voltage
in a receiver coil, thereby transferring energy
wirelessly [10]. The efficiency of inductive cou-
pling depends on factors such as the distance be-
tween the coils, their alignment, and the alternat-
ing current frequency. The mutual inductance
(M) between the transmitter and receiver coils is
given by:

M = I!C‘\ LJ_.LQ

where k is the coupling coefficient, and L; and L2
are the inductances of the transmitter and re-
ceiver coils, respectively [5].

Magnetic Resonance Coupling. Magnetic reso-
nance coupling addresses the limitations of in-
ductive coupling by enabling efficient energy
transfer over longer distances. This method re-
lies on the resonant coupling of magnetic fields
between two coils tuned to the same frequency.
When the coils are in resonance, energy is trans-
ferred with minimal losses, even at distances
several times the coil diameter [6].

The resonant frequency (fr) of the system is giv-
en by:

£, .

2w/ LC D
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where L is the inductance, and Cis the capaci-
tance of the resonant circuit.

Mid-range WPT systems, such as smartphone
wireless charging pads, successfully demon-
strate this principle [4].

RF Energy Transfer. RF energy transfer utilises
electromagnetic waves to transmit power over
long distances. This method suits low-power ap-
plications like wireless sensors and IoT devices.
RF-based WPT systems typically operate in the
frequency range of 300 MHz to 300 GHz, with
power transmitted via antennas [7].

The power received (Pr) by an RF energy har-
vester is given by the transmission equation:

A\ 2
P. = | —

T P IGEGI ( 47{' d)
(2)
where Pt is the transmitted power, Gt and Grare
the gains of the transmitting and receiving an-
tennas, A is the wavelength, and d is the distance
between the antennas [8].

Key Components of WPT Systems: 1) Transmitter.
The transmitter generates the alternating mag-
netic field or electromagnetic waves required for
energy transfer. It typically consists of a power
source, an oscillator circuit, and a transmitting
coil or antenna. The design of the transmitter de-
pends on the specific WPT method used [2]; 2)
Receiver. The receiver captures the transmitted
energy and converts it into usable electrical
power. It includes a receiving coil or antenna, a
rectifier circuit to convert alternating current
(AC) to direct current (DC), and a power man-
agement unit to regulate the output voltage [4].

Power Management Circuits. Power management
circuits play a critical role in optimising the effi-
ciency and performance of WPT systems. These
circuits include voltage regulators, impedance-
matching networks, and control algorithms to
ensure maximum power transfer under varying
load conditions [5].

Technologies and Methods for Wireless Power
Transfer (WPT). Wireless Power Transfer (WPT)
systems utilise various technologies and meth-
ods to enable the transmission of electrical en-
ergy without physical connectors. This section
provides an in-depth analysis of the three pri-
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mary WPT methods: inductive coupling, mag-
netic resonance coupling, and RF energy trans-
fer. We discuss each technique's working prin-
ciples, applications, advantages, and limita-
tions. We also provide a comparative analysis
to highlight the suitability of each method for
different use cases.

Wireless Power
Transfer

I

1

Inductive
Coupling

Optical Power Microwave
Transfer Power Transfer

Capacitive
Coupling

Figure 2 - Classification of WPT

Inductive Coupling. Inductive coupling is the most
widely adopted WPT method for short-range ap-
plications. It operates on the principle of elec-
tromagnetic induction, where a changing mag-
netic field generated by a transmitter coil induces
a voltage in a nearby receiver coil, thereby trans-
ferring energy wirelessly [5].

Working Principle. The efficiency of inductive
coupling depends on the mutual inductance (M)
between the transmitter and receiver coils,
which is given by:

ﬂ,f — JI-S"I.II LJ_.LE

where k is the coupling coefficient, and L1 and L2
are the inductances of the transmitter and re-
ceiver coils, respectively.

The coupling coefficient k measures how well the
coils are magnetically coupled and typically
ranges from O to 1. For closely spaced coils, k is
close to 1, resulting in high efficiency (up to
90%). However, as the distance between the coils
increases, k decreases, leading to a rapid decline
in efficiency [1].

Comparative Analysis. The following table pro-
vides a comparative analysis of the three WPT
methods in terms of efficiency, range, and appli-
cations:
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Table 1 - Comparative Analysis of the WPT Method

Method |Efficiency| Range Applications
Inductive High Short Smartphones,
Coupling (mm- | medical devices

cm)
Magnetic |Moderate| Mid EVs, charging
Resonance (cm-m) pads
RF Energy Low Long IoT, wireless
Transfer (m) Sensors

Applications of Wireless Power Transfer (WPT).
Wireless Power Transfer (WPT) technology has
found widespread applications across various
industries, 2012tilize20122012nizing the power
of portable electronics, medical devices, electric
vehicles, and IoT devices. This section provides a
comprehensive overview of the diverse applica-
tions of WPT, supported by references from
scholarly journals and industry reports.

Consumer Electronics

Smartphones. The adoption of WPT in
smartphones has grown significantly with the
development of the Qi wireless charging stand-
ard by the Wireless Power Consortium (WPC).
Qi-compatible devices, such as Apple’s iPhone
and Samsung’s Galaxy series, enable users to
charge their phones by simply placing them on a
charging pad; this eliminates the need for cables
and reduces wear and tear on charging ports [9].
Recent advancements have focused on improv-
ing charging efficiency and enabling multi-device
charging. For example, Apple’s MagSafe technol-
ogy uses magnetic alignment to 2012tilize2012
power transfer efficiency [11].

Wearable Devices. Wearable devices, such as
smartwatches, fitness trackers, and wireless ear-
buds, benefit from WPT due to their compact size
and frequent charging needs. These applications
commonly use magnetic resonance coupling, al-
lowing efficient energy transfer even when the
device is not perfectly aligned with the
charger [2]. For instance, the Apple Watch uses
inductive charging to enable seamless and wa-
terproof charging. Similarly, wireless earbuds
like Samsung’s Galaxy Buds and Apple’s AirPods
2012tilize WPT for convenient charging [4].

Laptops and Tablets. WPT is increasingly inte-
grated into laptops and tablets to provide cable-
free charging solutions. Companies like Dell and
HP have introduced wireless charging pads for
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their devices, enabling users to charge their lap-
tops without plugging in a power cord [5].

Medical Devices

Implantable Medical Devices. Implantable medi-
cal devices, such as pacemakers, insulin pumps,
and neurostimulators, rely on WPT to eliminate
the need for frequent battery replacements. In-
ductive coupling is commonly used in these ap-
plications, allowing efficient energy transfer
through the skin without invasive procedures
[4]. For example, the Wireless Charging System
(WCS) developed by Medtronic uses inductive
coupling to power implantable cardiac devices,
reducing the risk of infection and improving pa-
tient comfort [12].

Wearable Medical Devices. Wearable medical de-
vices like continuous glucose monitors (CGMs)
and wearable ECG monitors also benefit from
WPT. These devices require frequent charging,
and WPT provides a convenient and hygienic so-
lution [2].

Emerging Applications: 1) Deep-Tissue Implants:
Researchers are developing advanced WPT sys-
tems for deep-tissue implants, enabling continu-
ous power delivery without invasive procedures.
For example, researchers have demonstrated us-
ing magnetic resonance coupling to power deep-
brain stimulators [6]; 2) Wireless Endoscopy
Capsules: WPT is used to power wireless endos-
copy capsules, which patients swallow to capture
images of the digestive tract. These capsules rely
on inductive coupling for continuous power de-
livery [8].

Electric Vehicles (Evs)

Wireless EV Charging. Researchers are exploring
WPT as a convenient and efficient solution for
charging electric vehicles (Evs). Magnetic reso-
nance coupling is commonly used in wireless EV
charging systems, allowing for efficient energy
transfer over longer distances [2]. For example,
BMW’s Wireless Charging System for the i3 and
i8 models uses magnetic resonance coupling to
enable cable-free charging. The system achieves
an efficiency of up to 85% and can transfer pow-
er over a distance of 7-8 cm [13].

Dynamic Wireless Charging. Dynamic wireless
charging systems are being developed to enable
EVs to charge while driving. These systems use
inductive coupling to transfer power from charg-
ing pads embedded in the road to the vehicle's
receiver coil. This technology can extend the

2012



Path of Science. 2025. Vol. 11. No 4

ISSN 2413-9009

range of EVs and reduce the need for frequent
stops at charging stations [5].

Internet of Things (IoT) Devices

Wireless Sensors. WPT is widely used to power
wireless sensors in IoT applications, such as
smart homes, industrial automation, and envi-
ronmental monitoring. RF energy transfer is par-
ticularly suitable for these applications, enabling
long-range power delivery to low-power devic-
es [8]. For example, wireless sensors in smart
homes use RF energy harvesting to power tem-
perature, humidity, and motion sensors, elimi-
nating the need for battery replacements [7].

Smart Agriculture. In smart agriculture, WPT
power wireless sensors that monitor soil mois-
ture, temperature, and crop health. These sen-
sors rely on RF energy transfer to operate re-
motely without access to traditional power
sources [2].

Industrial IoT. In industrial settings, WPT powers
wireless sensors and actuators in harsh envi-
ronments where wired connections are imprac-
tical. For example, wireless sensors in manufac-
turing plants use inductive coupling to monitor
equipment performance and detect faults [5].

Aerospace and Defense

Uncrewed Aerial Vehicles (UAVs). WPT is being
explored as a solution for charging uncrewed
aerial vehicles (UAVs), also known as drones. RF
energy transfer is used to power drones during
flight, enabling extended mission durations and
reducing the need for frequent landings [7].

Satellite Power Systems. WPT transfers energy
between solar panels and onboard batteries in
satellite power systems. Inductive coupling is
commonly used in these applications, as it allows
for efficient energy transfer in the vacuum of
space [6].

Emerging Applications

Wireless Charging for Robotics. WPT is being in-
tegrated into robotic systems to enable continu-
ous operation without battery replacements. For
example, warehouse robots use inductive cou-
pling to charge while docking at charging sta-
tions [2].

Wireless Power for Smart Cities. WPT power
streetlights, traffic sensors, and surveillance
cameras in smart cities. RF energy transfer is
particularly suitable for these applications, ena-
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bling long-range power delivery to low-power
devices [8].

Wireless Charging for Wearable Electronics. WPT
is being integrated into clothing and accessories
to enable wireless charging of wearable electron-
ics. For example, bright jackets with built-in in-
ductive coils can charge smartphones and other
devices on the go [5].

Challenges and Limitations of Wireless Power
Transfer (WPT). While Wireless Power Transfer
(WPT) technology has made significant ad-
vancements and found widespread applications,
it still faces several challenges and limitations
that hinder its full potential. These challenges
span technical, safety, and economic aspects, and
addressing them is crucial for the widespread
adoption and optimisation of WPT systems. This
section provides a detailed analysis of WPT's key
challenges and limitations, supported by refer-
ences from scholarly journals and industry re-
ports.

Efficiency and Power Loss

Energy Efficiency. One of the primary challenges
of WPT systems is achieving high energy efficien-
cy, particularly over longer distances. The effi-
ciency of WPT systems is influenced by factors
such as the distance between the transmitter and
receiver, alignment, and the operating frequen-

cy [5].

Inductive Coupling: While inductive coupling
achieves high efficiency (up to 90%) for short-
range applications, its efficiency decreases rapid-
ly with increasing distance [1].

Magnetic Resonance Coupling: This method offers
higher efficiency over mid-range distances but
still experiences losses due to coil misalignment
and frequency detuning [6].

RF Energy Transfer: RF-based WPT systems typi-
cally have low efficiency (less than 10%), as a
significant portion of the transmitted energy is
lost as heat or radiated into the environment [7].

Power Loss Mechanisms. Power loss in WPT
systems occurs due to several mechanisms, in-
cluding:

Ohmic Losses: Coil and circuit resistance leads to
heat generation and energy loss.

Radiation Losses: In RF-based systems, a signifi-
cant portion of the transmitted energy is radiated
into the environment rather than being captured
by the receiver.

2013



Path of Science. 2025. Vol. 11. No 4

ISSN 2413-9009

Eddy Currents: In inductive and resonant sys-
tems, eddy currents induced in nearby conduc-
tive materials can cause energy loss and reduce
efficiency [4].

Transmission Range and Alignment

Limited Transmission Range. The transmission
range of WPT systems is a significant limitation,
particularly for inductive and resonant coupling
methods: 1) Inductive Coupling: Effective only
over short distances (a few millimetres to centi-
metres); 2) Magnetic Resonance Coupling: This
can achieve mid-range power transfer (up to
several meters) but requires precise resonant
frequency tuning; 3) RF Energy Transfer: Suita-
ble for long-range applications but suffers from
low efficiency and power loss [8].

Sensitivity to Alignment. The efficiency of WPT
systems, particularly inductive and resonant
coupling, is highly dependent on the alignment of
the transmitter and receiver coils. Misalignment
can significantly reduce power transfer efficiency
and may require complex alignment mecha-
nisms, such as magnetic alignment in Qi wireless
charging systems [9].

Safety Concerns

Electromagnetic Interference (EMI). WPT systems
generate electromagnetic fields that can interfere
with nearby electronic devices and communica-
tion systems; this is particularly concerning in
medical and industrial environments, where EMI
can disrupt sensitive equipment [2].

Thermal Effects. High-power WPT systems can
generate significant heat, leading to thermal ef-
fects that may damage electronic components or
pose safety risks to users. For example, wireless
charging pads for smartphones can become hot
during prolonged use, raising concerns about de-
vice safety [4].

Human Exposure to Electromagnetic Fields. The
long-term effects of human exposure to electro-
magnetic fields generated by WPT systems are
not fully understood. Regulatory bodies, such as
the International Commission on Non-lonizing
Radiation Protection (ICNIRP), have established
guidelines to limit human exposure to electro-
magnetic fields. Still, compliance with these
guidelines can limit the power levels and effi-
ciency of WPT systems [14].
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Cost and Complexity

High Initial Costs. Developing and deploying WPT
systems involves high initial costs, including de-
signing and manufacturing coils, power electron-
ics, and control systems. These costs can hinder
widespread adoption, particularly for low-power
applications [5].

Complex System Design. WPT systems require
complex designs to achieve high efficiency and
reliability. For example, magnetic resonance
coupling systems require precise resonant fre-
quency tuning, which can be challenging in dy-
namic environments. Similarly, RF-based sys-
tems require sophisticated antenna designs and
power management circuits [6].

Environmental and Economic Considerations

Material Constraints. The efficiency of WPT sys-
tems depends on the quality of materials used in
the coils and circuits. High-quality materials, such
as low-resistance copper coils and high-
performance ferrites, can improve efficiency and
increase costs [4].

Energy Consumption. WPT systems consume en-
ergy even when no device is being charged, lead-
ing to standby power losses; this can contribute
to increased energy consumption and higher
electricity bills [8].

Recent Advancements and Innovations in
Wireless Power Transfer (WPT). Wireless Pow-
er Transfer (WPT) technology has witnessed sig-
nificant advancements in recent years, driven by
materials science, power electronics, and artifi-
cial intelligence breakthroughs. These innova-
tions have addressed many of the challenges as-
sociated with WPT systems, such as efficiency,
range, and safety while opening up new possibili-
ties for applications. This section highlights the
key advancements and innovations in WPT, sup-
ported by recent studies and patents.

1) Multi-Device Charging Systems. One of the
most significant advancements in WPT technolo-
gy is the development of multi-device charging
systems. These systems allow multiple devices to
be charged simultaneously from a single trans-
mitter, improving convenience and reducing clut-
ter.

Qi Multi-Device Chargers: The Wireless Power
Consortium (WPC) has introduced multi-device
charging pads that support the Qi standard, ena-
bling users to charge smartphones, smartwatch-
es, and earbuds simultaneously [9].
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Resonant Multi-Device Charging: Researchers
have developed resonant multi-device charging
systems that use frequency multiplexing to
charge multiple devices at different frequencies,
reducing interference and improving efficiency
[15].

2) Integration with Renewable Energy Sources.
The integration of WPT with renewable energy
sources, such as solar and wind power, has
emerged as a promising approach to sustainable
energy delivery.

Solar-Powered WPT Systems: Researchers have
developed solar-powered WPT systems that use
photovoltaic panels to generate electricity, which
is transmitted wirelessly to devices. These sys-
tems are particularly useful in remote areas
where grid power is unavailable [16].

Wind-Powered WPT Systems: Wind turbines have
been integrated with WPT systems to enable
wireless power delivery in off-grid locations. For
example, wind-powered WPT systems are being
used to charge IoT sensors in agricultural and
environmental monitoring applications.

3) Use of Metamaterials and Advanced Coil De-
signs. Metamaterials and advanced coil designs
have been employed to improve the efficiency
and range of WPT systems.

Metamaterials for Enhanced Coupling: Metamate-
rials, which exhibit unique electromagnetic
properties not found in natural materials, have
enhanced the coupling between transmitter and
receiver coils. For example, researchers have
demonstrated using metamaterial slabs to in-
crease the efficiency of magnetic resonance cou-
pling systems [18].

3D Printed Coils: Advanced manufacturing tech-
niques, such as 3D printing, have created light-
weight and compact coils with optimised geome-
tries for improved efficiency [19].

4) Al and Machine Learning for Optimizing Pow-
er Transfer. Artificial intelligence (AI) and ma-
chine learning (ML) have been applied to opti-
mise the performance of WPT systems.

Dynamic Frequency Tuning: Al algorithms have
been developed to dynamically tune the operat-
ing frequency of WPT systems in real-time, en-
suring maximum efficiency under varying load
and alignment conditions [20].

Predictive Maintenance: ML models have been
used to predict and prevent failures in WPT sys-
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tems by analysing sensor data and identifying
patterns indicative of potential issues [21].

Future Trends and Directions. The future of
WPT technology is poised for transformative de-
velopments driven by advancements in materi-
als, electronics, and communication technologies.
This section explores potential future trends and
directions in WPT.

1) Long-Range Wireless Charging for Electric Ve-
hicles and Drones.

Dynamic Wireless Charging for EVs: Researchers
are developing dynamic wireless charging sys-
tems that enable electric vehicles (EVs) to charge
while driving. These systems use inductive cou-
pling to transfer power from charging pads em-
bedded in the road to the vehicle's receiver
coil [22].

Wireless Charging for Drones: Long-range WPT
systems are being explored for charging drones
during flight, enabling extended mission dura-
tions and reducing the need for frequent land-
ings [23].

2) Integration of WPT with 5G and [oT Networks

5G-Powered WPT Systems: The integration of
WPT with 5G networks is expected to enable
high-speed data transmission and wireless pow-
er delivery simultaneously; this could revolution-
ise applications such as smart cities and industri-
al automation [21].

loT-Enabled WPT Systems: WPT is being integrat-
ed with IoT networks to power wireless sensors
and devices in smart homes, factories, and agri-
cultural settings. For example, [oT-enabled WPT
systems are being used to monitor and control
environmental conditions in real-time [24].

3) Development of Ultra-Low-Power WPT Sys-
tems for Biomedical Applications

Implantable Medical Devices: Ultra-low-power
WPT systems are being developed for implanta-
ble medical devices, such as pacemakers and
neurostimulators. These systems use advanced
coil designs and resonant coupling to deliver
power deep within the body [6].

Wearable Health Monitors: WPT is being inte-
grated into wearable health monitors to enable
continuous power delivery without needing bat-
tery replacements. For example, bright patches
with built-in WPT systems monitor vital signs in
real-time [25].
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4) Role of WPT in Enabling a Fully Wireless
World. WPT can enable a fully wireless world
where devices are powered seamlessly without
cables or batteries. This vision includes:

Wireless Homes and Offices: WPT systems could
power all electronic devices in homes and offices,
eliminating the need for power cords and outlets.

Wireless Public Spaces: Public spaces, such as air-
ports and parks, could be equipped with WPT
systems to enable on-the-go charging of devices.

Wireless Industrial Environments: Factories and
warehouses could use WPT systems to power
robots, sensors, and other equipment, reducing
downtime and improving efficiency [26].

CONCLUSIONS

Wireless Power Transfer (WPT) technology has
made significant strides in recent years, driven
by advancements in materials science, power
electronics, and artificial intelligence. These in-
novations have addressed many of the challenges
associated with WPT systems, such as efficiency,
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