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imaging as well. Among several proposals, Inductive Power Transfer (IPT) and Acoustic
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Power Transfer (APT) have shown a major impact on this area of interest. This paper
presents a comparison between IPT and APT for wireless power transmission (WPT).
Most recent proposals are reported, and several key parameters are considered to
evaluate the proposals. That includes operating frequencies, separations gaps, powers
and power transmission efficiencies and experimental validity. It is found from the
review that; a maximum 818 kW of power is transmitted using IPT for electric vehicles.
However, APT can transmit 1.068 kW and 5.4 W through wall and in-body medium
(implants). Over 90% efficiencies are found for both APT and IPT. In fact, power transfer
with 95.66% efficiency over a 6 cm distance of 23.4 W is achieved for APT and 95.6%
with 20 cm separation gaps is achieved for IPT for 20 kW power. A wide range of

Keywords: frequencies are applied for both APT and IPT. However, lower frequencies are mostly
Acoustic Power Transfer; Inductive suitable for high power, more specifically less than MHz ranges. Naturally, lower
Power Transfer; Electric Vehicles frequencies are preferable for low power high efficiencies.

1. Introduction
1.1 Acoustic Power Transfer

Wireless power transmission (WPT) is widely employed in a variety of applications, including
implantable medical devices (IMD), electrical vehicles (EV), and data and power delivery through
metal walls as reported by many authors [1-4]. Nikola Tesla demonstrated a capacitive coupling
power device in 1921 to turn on an electric bulb wirelessly sandwiched between two capacitor plates
[5]. It is the first step towards wireless power transfer. Tesla predicted the WPT's technological
progress in 1914. He demonstrated that WPT is a viable and elegant technique to power future
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wireless power. Unfortunately, the researchers were unable to disclose Tesla's progress until the
1980s [6,7]. WPTs are now viewed as part of a potential future-oriented field [8]. To energy is
transferred, this approach relies on electromagnetic fields for the Inductive Power Transfer (IPT)
method and wave propagation for the AET method. Following that, Acoustic Energy Transfer (AET)
has emerged as one of the most successful wireless power transmission techniques among all other
techniques used, including inductive, capacitive, and microwave-based systems [9]. Vibration-
induced acoustic wave propagation from a piezoelectric transmitter that generates an elastic
vibration-induced electrical response in a piezoelectric receiving element is the underlying
mechanism of AET (Bhargava & Shahab, 2020). Recent study has demonstrated the ability of acoustic
waves to stimulate and convey information within the human body [10]. The device will be implanted
within human tissue to monitor the patient's condition. The frequency used is high enough to convey
data while remaining secure. By utilising acoustic waves' ability to penetrate further into bodily tissue
without being severely weakened [11]. APT is seeing increasing use in biomedical technology [12],
data transfer, and through-wall transmission [13]. Current research has looked into the use of APT to
offer biomedical implants with minimal electrical power in order to reduce battery replacement
concerns and maintenance expenses for devices in inaccessible areas [14,15]. This procedure will not
necessitate any specific procedures. It is regarded as safe and affordable. Ultrasound is another
method for powering implantable microdevices [16]. Other advantages include omnidirectionality,
which allows it to transmit and receive messages from all directions. Despite the regular
arrangement, the waves were transported at an angle of about 180°. The technology also generated
higher output or efficiency over longer distances and with smaller instrument sizes. In circumstances
where the transducer size to wavelength ratio is significantly bigger than the working distance, near-
field ultrasound is typically utilised, in which the initial ultrasonic beam is not really omnidirectional,
but a homogeneous medium is generated by wave reflection [17]. Higher efficiencies have been
examined theoretically in some circumstances by [18]. Their study indicates that within short
distances (less than 1cm), inductive power is more effective, but between 1 and 10 cm, the ultrasonic
method is more efficient.

1.2 Inductive Power Transfer

Per year, forest fires cause more deaths than any other natural disaster in the United States,
Australia, and Indonesia [19]. Recent technical advances have enabled the development of high-
performance micro aerial vehicles (MAVs), such as fixed-wing aircraft, flapping-wing aircraft, coaxial
helicopters, tri-rotor helicopters, and quadcopters [20]. This MAV can be utilised to track and report
the circumstance. In earlier studies, researchers used unmanned aerial vehicles (UAVs) in conjunction
with data telemetry and thermal infrared imaging equipment to collect high-resolution video data
for tracking forest fires. These vehicles are highly suited for uses using autonomous sensor networks
to remotely track, manage, and seek for environmental dangers in hostile human environments. Due
to the average battery life of an MAV dipping between 10 and 20 minutes, limited flight times are
among the main obstacles for MAV innovation [21,22]. Eventually, a study for flight time
advancement up to approximately 30 minutes has been carried out by [23]. WPT via magnetic
resonance coupling is one of the potential approaches for supplying power to MAVs to overcome
restrictions.

Inductive power transfer (IPT) technology, using a relatively large air gap, can transport power
from a high-frequency power source to loads via magnetic coupling without direct engagement [24—
27]. This efficient approach was created swiftly and has previously been employed in a variety of
current applications such as wireless charging, underwater power supplies, and electric automobiles
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[28-30]. Electric vehicles are classified into two types: large vehicles such as buses and small vehicles
such as electric bicycles [2,31]. As per recorded, there were more than 200,000,000 electric bicycles
were used in China until the end of 2015. Additionally, the electric bicycle is identical to a regular
bicycle. People began to adopt electric bicycles because they go faster than traditional bicycles and
use less human force. The distinction is that the electric bicycle has an electric motor whose role is
to store electrical energy that may be used to drive the bicycle. As technology advances, nickel
cadmium, nickel metal hydride, and lithium-ion batteries are becoming more popular as the most
optimal type of battery since they are smaller and have a higher energy storage density than
traditional lead-acid batteries. Electric bicycle technology has advanced over the years. The system
is improving and will give a better experience for users. The charging procedure is problematic for
consumers and can be enhanced by Inductive Power Transfer (IPT) technology. IPT systems can
deliver power even without physical interaction. Furthermore, when the battery for the electric
bicycle becomes low, the rider can recharge it in a safe location. For example, an IPT system is safe
in @ moist environment. Furthermore, IPT systems are quite valuable and can be used in a variety of
applications such as material handling [32,33], lighting [34], battery charging [35,36] and biomedical
implant [37,38].

2. APT Technology and IPT Technology

Acoustic energy transmission relies on wave propagation to transfer energy from the transmitter
to the receiver. The advantage of APT over many other approaches is the use of ultrasonic waves at
lower frequencies, which allows for smaller receiver and transmitter sizes, lower amplitude, higher
penetration range, no electromagnetic delay, strong directionality, and biological protection [39,40].
Many researchers have investigated the use of APT to provide low electrical power to biomedical
implants to remove battery replacement problems and minimize the risk for devices in unreachable
areas [14,15,41]. An ultrasonically powered implantable micro-oxygen generator (IMOG) capable of
in situ tumor oxygenation via water electrolysis, an ultra-low-power 2.45-GHz complementary metal-
oxide-semiconductor (CMOS) transmitter for cochlear implants and a wireless programmable
electronic framework for implantable chronic monitoring of fluorescent-based autonomous
biosensors are presented in the mentioned works [14,15,41].

Inductive Power Transfer (IPT) is a wireless power transfer (WPT) technique that transfers
electrical energy between two objects by using electromagnetic fields. The method works by using
two wire coils, the primary and the secondary, that are positioned close to one another. The primary
coil is coupled to an alternating current power source, which produces an alternating magnetic field.
This magnetic field causes an electrical current to flow through the secondary coil, which is then
utilized to power a device or charge a battery [27]. There seems to be a strong demand in recent
times for wireless sensors to assist structural health monitoring (SHM) and industrial applications
especially for metal walls. Normally, wires were used to connect the metal walls. Therefore, drilling
holes for feed wires decreases the integrity of the system and creates functional problems, such as
the risk of exposure of hazardous materials, failure of pressure or vacuum. In summary, IPT through
metal walls is difficult but not impossible. For optimal transfer efficiency, materials, frequencies, and
coil layouts must be carefully considered [42—44].

Moreover, a dual band coaxial fed microstrip antenna design was presented in this paper [45]. A
metallic U-shaped patch is produced on the substrate, and a slot is etched int the ground. The
diameter of the antenna is 36mm x 34mm and it is appropriate for applications that are mobile. For
implementation, a Rogers RO4350 substrate with a relative permittivity of 3.66, tangential loss of
0.004, and thickness of 1.524mm is used. The computed and measured findings demonstrate that
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the antenna operates at frequencies of 1.22GHz and 5.7GHz, accordingly, with bandwidths of 20MHz
and 90MHz. It meets the specifications of GPS and Wireless Sensor Networks systems.

2.1 Fundamental Outline of APT

The APT has been discovered since the invention of the first musical instrument. Generally, there
are two operating sides of APT which consist of transmitter (primary side) and the receiver region
(secondary side). The transmitter will vibrate once it receives applied power, basically electrical
power. The vibration will be propagated through the attached medium (air, metal, in-body or even
the liquid) omnidirectionally. The receiver then collects the propagated vibration and transforms it
to usable electrical power.

2.2 Benefit of APT

APT is regarded as the most secure version of WPT due to the safer use of sound or vibration to
propagate energy within the safe frequency level. Additionally, it does not struggle from
misalignment and has greater penetration depth within 10cm-20cm of tissue thickness with the
frequency apply is less than 10MHz. In a nuclear plant site, the physical presence and modern
composite materials in example which is made by carbon fiber epoxy is not allowed. In this case, AET
is a good choice since it does not contain any electromagnetic features [46]. Hence, AET is
appropriate for liquid or liquid-based situations such as animal tissues [47]. Subsequently, AET can
be used for both wall-through and in-body power transfer.

2.3 Fundamental Outline of IPT

Power transmission based on magnetic resonance coupling was first introduced by MIT
researchers [48]. The IPT idea is related to the transformer which the alternate magnetic field in the
primary coil produces an output power on the secondary coil when these two coils are closely
coupled [49]. Power and data transmission via electromagnetic coupling is not a new concept. The
wireless development of power and data over metal obstacles, on the other hand, is rather different
due to electromagnetic waves not being able to efficiently flow through metal, particularly ferrous
metal obstacles, due to the shielding effect of metal. Despite having had great success in several
areas of theoretical and industrial research of wireless power supply applications, IPT is hardly ever
used because of the losses brought on by the shielding effect [50,51].

2.4 Benefit of IPT

IPT removes the need for physical connectors or cables to transfer power, which contributes to
safety and reducing equipment damage, i.e., it offers convenience and flexibility. Recently, the
interest of IPTs in automotive industries have increased due to affectless charging by the dust,
chemicals and the surrounding temperature and the ability to change into dynamic charging system
when the vehicle is moving [53-56]. Besides that, implementations of IPTs are already widely
acknowledged in production of clean factory automation semiconductor and liquid crystal displays
where total cleanliness is crucial the field of material handling [57].
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3. Recent Developments
3.1 Development of APT

Piezoelectric internal fixation devices are an unique approach to increase bone healing and
shorten the time it takes to heal broken bones [58]. A PZT-5 with 36 x 6 x Imm dimension was built
and operated between 1-10 MHz of frequencies. The in vivo experiment by an external transducer
generated 600mV of output voltage and more than 100uA of average output current alongside
10mW of the peak power density [59]. External ultrasound has the potential to generate
microampere direct currents in vivo from implanted piezoelectric materials. Piezoelectric materials
can transform mechanical energy into electrical energy, and ultrasonic waves can create mechanical
vibrations that cause this conversion. According to the findings of the research, an ultrasonic
transducer with a frequency of 2.25MHz, an input power of 10V-20V, and an output power of less
than 10mW/cm2 can generate more than 20A with rectification. Several attempts at wireless energy
transfer for biomedical implants using AET have occurred since then. Furthermore, the use of
implanted devices that create electrical currents in vivo raises significant moral and regulatory
concerns about the possible hazards and advantages for patients, as well as the need for
comprehensive testing and evaluation of such devices' safety and effectiveness. As a result, any
research or development of such technology must proceed cautiously and in accordance with
stringent ethical and regulatory norms.
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Fig. 1. (1) Block diagram of the BGCI microsystem and the conceptual structure diagram of the BGCI
microsystem placed in a human ear © 2019 IEEE [68], (3) Rectenna measurement setup for electrically small
Huygens antenna-based fully-integrated wireless power transfer system © 2019 IEEE. [70], (2) Conceptual
illustration of an optogenetic microstimulators powered by ultrasonic waves. © 2019 IEEE.[72], (4)
experimental setup of a two-focus 3D-printed transmission acoustic phase hologram alongside the
fabricated ultrasonic source device to excite the five-element receiver array (5: ultrasonic source device, 6:
receivers, and 7: acoustic absorber sheet); © 2022 Elsevier B.V. All rights reserved. [83]
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Following that, two significant studies on this auditory projection have been reported by
Awanabe et al. and Suzuki et al. [10,60]. Both works proved that AET are ideal for in-body implants.
Acoustic and ultrasound technology has been utilised for a wide range of medical applications,
including imaging and therapeutic interventions. Ultrasonic technology could be used to transmit
power and information to implanted medical devices. The utilisation of ultrasonic waves to induce
vibrations in the tissue around the implanted device is the fundamental concept behind ultrasonic
power and information transmission. These vibrations can then be employed to power the device
and send and receive data. In the first study, a wearable interface prototype with a single-chip
microcontroller was used to assess the device's dimensions and power requirements. The prototype
could transmit data at a 250kbps acoustic wave rate. Later, the work became more focused on
transmitting electricity and information. The proposed design had two piezo oscillators. One of the
sides will collect data from the living organism and communicate it to the outside of the receiver. By
using 1MHz of optimal frequency with 30mm separation distance, an average of 20% of efficiency
was recorded during the study. A year after, one prototype was designed and an average of 36% of
efficiency was recorded by Suzuki et al. [61].

Over the last two decades, a technique for transferring energy through a metal wall has been
proposed by Hu et al. [62]. Using acoustic waves and piezoelectric materials, electric energy can be
transmitted through a metal wall. Piezoelectric materials can turn mechanical energy into electrical
energy and the other way round. To accomplish this, one side of the metal wall would be joined with
a piezoelectric transducer, while the other side would relate to a power supply. The electrical energy
from the power supply would be converted by the transducer into mechanical energy in the form of
acoustic waves that would pass through the wall. From numerical analysis, it is obvious that the
output voltage will reach over 0.6V and 0.4V with a load impedance of 10Q and 40Q respectively.
Even so, this research did not analyse the impact of diffraction on wave propagation. The
effectiveness of this approach, however, may be restricted by the thickness of the metal wall and the
gualities of the piezoelectric materials used. Additionally, the acoustic waves may be attenuated as
they travel through the metal, which might limit the process's efficiency even further. Hence, the
realistic application of the plan is also hard to achieve. Overall, while it is possible to transport electric
energy through a metal wall using acoustic waves and piezoelectric materials, great thought must be
put into the components and layout employed to ensure highest optimal efficiency.

A feed through applications was proposed by Sherrit et al. [63]. Wireless acoustic-electric
feedthroughs are systems which enable electrical signals and acoustic waves to be sent wirelessly
between two environments, such as a vacuum chamber and the outside world. These devices are
frequently employed in scientific studies, such as acoustic levitation and gravitational wave
detection. A set of differential equations that define the network's function is also included in the
model. These equations account for the physical characteristics of the components as well as their
interactions with one another. The operation of the wireless acoustic-electric feed-through may be
anticipated by solving these equations for various input signals and operating circumstances. This
electromechanical approach allows either wireless data or power transfer in a sealed jar. The
approach amplified the impact of dielectric, piezoelectric and mechanical losses on the wall
considered sealed. In attempt to validate the functional verification previously carried out by Hu et
al. [62], the system was re-stimulated considering the properties of Motorola 3203HD component
and examining PZT-8 for data on thickness. A year after, the actual prototype was designed to test
practically by Sherrit et al. [64]. From this study, a total of 70% of efficiency was achieved. Even so,
the maximum efficiency for the real prototype only achieved 53%. The researcher proved that a total
of 100W of electricity can be transferred by using 0.2cm diameter plates. In conclusion, an efficient
electromechanical network model for wireless acoustic-electric feedthroughs may be built using a
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mix of simulation software and reduced analytical models. These models may be used to forecast the
functioning of the feed-through under various situations and to improve the design and performance
of these devices for specific applications.

There are many studies were conducted related to wall-through power transfer. Nemoto et al.
[65] conducted a study that used rheometers to evaluate the viscoelasticity of solid and liquid human
skin. The ability of a material to resist deformation and return to its original shape is referred to as
viscoelasticity. A rheometer may be a tool for assessing the characteristics of the skin, which is a
viscoelastic substance. The dermis, the thick inner layer of the skin, is critical in defining the skin's
viscoelastic qualities. The dermis is a structure made up of collagen and elastin fibres, which provide
the skin structural support and suppleness. A rheometer can be applied for measuring the rheological
characteristics of the dermis. A rheometer evaluates the skin's deformation or stress response after
applying regulated tension or strain to it. This research has reached the highest maximum of
efficiency which was 88% using 38mm to deliver 100W of power. Furthermore, [13,66] had improved
the earlier study by transferring 1kW of power via metal wall. A piezoelectric material placed
between two electrodes linked to the electrical circuit on each side of the metal wall would be used
to generate a high-power piezoelectric acoustic-electric power feedthrough. When an auditory signal
or vibration is transmitted to a piezoelectric material, an electrical charge is generated that may be
applied to power devices or send signals. Both researches have transferred the energy with
approximately 88% of efficiency and by using 24.5kHz of frequency. Arra et al. [16] then achieved a
maximum efficiency of 35% despite the absence of statistical data.

Acoustic power transfer systems (APTS) are a sort of wireless power transfer technology that
transmits electricity wirelessly from a power source to a receiver using sound waves. APTS works by
converting electrical energy to sound energy, which is then delivered over the air to the receiver. The
sound energy is subsequently converted back into electrical energy via the receiver, which powers
the electronic device. The optimization of APTS involves improving the efficiency and range of the
system [67]. Higher frequencies can give better power transfer efficiency and a longer range, which
is one technique to optimising APTS. Higher frequencies, on the other hand, might cause significant
attenuation and dispersion of the sound waves, reducing the system's effectiveness and range.
Another method for improving APTS is to utilise directional transducers, which can focus sound waves
in a single direction, lowering the amount of energy wasted due to dispersion. Furthermore, using
high-intensity sound waves can increase the efficiency and range of APTS by providing a stronger and
more concentrated signal. At various frequencies, the acoustic pressure is measured. 600kHz,
800kHz, 900kHz, 1200kHz was chosen as applied frequency for this work. Research was conducted
with 5cm of air gap and the output power were recorded which were 1Pa, 1kPa, 7kPa, 3kPa
consecutively. The simulations were carried out using the MATLAB and COMSOL software packages,
with the PZT-5H transducer being chosen for its good quality factor and electromechanical coupling.

Subsequently, Qian et al. [68] found a voltage doubler/tripler (2X/3X) active rectifier is used in
wireless power telemetry to improve energy conversion efficiency and produce 2V and 3V of output
voltages. Bone-guided cochlear implants are a form of hearing aid that stimulates the auditory nerve
directly rather than the damaged hair cells in the inner ear. Unlike standard cochlear implants, which
utilize an external microphone and sound processor, bone-guided implants employ a small vibrator
that is inserted immediately behind the ear on the skull bone. The vibrator sends vibrations of sound
to the inner ear via the skull bone, allowing the user to sense sound. This study entailed creating a
microsystem with components such as a vibrator, microelectrodes, and wireless communication
capabilities. Implanting the device in an animal model or human participants and analysing its
effectiveness in terms of sound perception and safety would be in vivo testing. The SOC microsystem
for the CMOS bone-guided cochlear implant (BGCl) has been developed, and in-vivo scientific
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experiments on guinea pigs have been conducted for feature validation. The BGCI microsystem is
shown to elicit the auditory nerve in the cochlea and produce Wave elll in the EABR waveform. 59%
of efficiency has been recorded for this work. In addition, Mahmood et al., [69] has conducted a
research on low-power medical devices. Wireless power transfer using ultrasound sensors for low-
power medical devices is an innovative technique of powering such devices without the use of
connected connections. The researcher aims to create a system that uses a sound wave to wirelessly
transfer electricity to low-power medical equipment. An ultrasound transmitter and receiver are
included in the proposed system. The transmitter gives out ultrasound waves, which are picked up
by the receiver and converted into electrical energy. This energy can subsequently be used to power
the medical equipment. The system was built to function at a frequency of 40 kHz, which is within
the medical application's safe range. It has been tested on low-power medical equipment such as
glucose monitors and blood pressure monitors, and the findings demonstrate that the system can
operate these devices well. A total of 0.318mW of power has been successfully transferred with 4cm
of active range. 69.4 % of efficiency of the system has been recorded.

More studies on AET for biomedical has been carried out by Basaeri et al.,, [1]. The author
addresses the impact of misalignment and misorientation on acoustic power transmission efficiency
utilizing piezoelectric receivers for biomedical implants. The research shows how piezoelectric
receivers may be used to harvest energy from acoustic waves generated by external sources, such as
ultrasonic transducers, and use it to power biomedical implants. However, misalignment and
misorientation of the piezoelectric receiver in relation to the external source can dramatically limit
energy transfer efficiency. Using both analytical and numerical models, the study explores the impact
of misalignment and misorientation on power transmission efficiency. According to the findings,
misalignment can lower power transmission efficiency by up to 50%, while misorientation can reduce
efficiency by up to 80%. The researcher has carried out the studies with two different values of
frequencies applied which the first value is 88kHz and the second is 628kHz. For 88kHz of frequency
applied, 0.23mW of power level has been supplied with the active range was 1.1cm. The efficiency
for this system was 10.29%. For 628kHz of frequency applied, 0.12mW of power level has been
successfully transferred with 0.3cm of gaps. The efficiency of the system was 4.82%. The size for the
system purposed was 2mm x 2mm.

[70] proposed an innovative wireless power transmission and communication system based on
electrically tiny Huygens antennas. The proposed system is made up of a transmitter and a receiver,
both of which are outfitted with an array of Huygens antennas. A power amplifier drives the Huygens
antennas, which send electromagnetic waves towards the receiver, in the transmitter. The electricity
that comes from the incoming waves is collected by the receiver using a rectifying circuit and used to
power a load or charge a battery. The authors prove that even with electrically small antennas, the
suggested system may achieve great efficiency and range. Furthermore, by altering the amplitude
and phase of the radiated waves, the same antennas can be used for communication. This allows the
system to send both data and power at the same time, making it ideal for a variety of applications
such as wireless sensors, internet of things devices, and biomedical implants. In general, the
suggested system offers a substantial advancement in wireless power transmission and
communication since it provides a compact and fully integrated solution that can work effectively
over vast distances. At 907 MHz, the Huygens-based WPT rectenna achieves a peak AC to DC
conversion efficiency of 87.2%.

Additionally, Freychet et al., [71] in this paper describes how to use acoustic waves and advanced
piezoelectric transducer mountings to pass power and data through metal walls. These ideas may be
used to create a mobile sensor supply system for use in closed or metallic environments. This
technology enables wireless power and data transfer through metal walls. This is helpful for a variety
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of situations where wire or direct access to a device is either impractical or undesirable. By
implemented 268kHz of applied frequency, the output power that has been recorded was more than
150mW with 80% of frequency. Acoustic Power and Data Transfer (APDT) systems that are
detachable and reusable have been investigated in this paper, with positive results in terms of power
transfer efficiencies. Lastly, both the scientific and commercial production of APDT benefit from these
two fixation solutions because they allow fast and non-disruptive implementation in operational
environments. This type of technology has a chance to transform a variety of industries, including
building, manufacturing, and security. Its versatility and simple use make it an appealing choice for
any application requiring wireless power and data transfer over metal barriers. Furthermore, Rashidi
etal., [72] proposed a new micro-scale ultrasonically powered optogenetic microstimulator aimed at
treating Parkinson's disease. The technology employs ultrasonic waves to wirelessly transfer power
to the implanted device, which may then use that power to create light pulses for optogenetic
stimulation. The fundamental innovation in the system is the employment of a power-efficient active
rectifier and charge-reuse capability, which helps reduce power consumption and extend the battery
life of the implanted device. This technique increases the active rectifiers' power conversion
efficiency in two ways. The first one is, by reducing the comparators' time delay and the second one
is by recycling the active diodes' power consumption. The device was tested in real mice and shown
to be capable of stimulating neurons in the brain with little power usage. They believe that this sort
of technology might be beneficial for a variety of applications, including neurological problems
therapy. Overall, this research shows an intriguing advancement in the realm of optogenetics and
implantable devices, and it will be fascinating to see how this technology progresses in the future.
Acoustic-electroelastic modelling is a technique used to investigate the behaviours of
piezoelectric materials in response to an electric field and mechanical stress. This modelling may be
used to evaluate the efficiency of piezoelectric discs, which are used to transform electrical energy
into mechanical vibrations and vice versa, in the context of high-intensity focused ultrasound (HIFU)
power transfer systems [73]. The behaviour of the piezoelectric disc is represented by a series of
equations that connect the electric field, mechanical stress, and the subsequent deformation of the
discin an acoustic-electroelastic modelling technique. Typically, the equations are numerically solved
using finite element analysis (FEA) techniques, which entail breaking the disc into small components
and computing the operation of each element depending on its material attributes and boundary
circumstances. For this system, 0.5MHz of frequency were applied and the output power were
51.5mW with 7.4cm of air gaps. The efficiency of this system was 75%. In conclusion, the results
showed that if the frequency components in the nonlinear acoustic field correlate with the structural
resonant frequencies of the receiver, the presence of the HIFU high-level excitation would cause
disproportionately large responses in the piezoelectric receiver. Next, implantable ECG monitoring
devices based on wireless power transmission are medical gadgets that allow healthcare providers
to continually monitor the electrical activity of a patient's heart. Kim et al. [74] created one such
device that uses wireless power transfer technology to power the implanted device. The system is
made up of an ECG detecting unit and a wireless power transfer unit. Power receiver and transmitter
make up the wireless power transfer device. The power transmitter, which is external to the patient,
oversees producing an alternating magnetic field. The power receiver, which is inserted inside the
body of the patient, has a coil that is intended to take in the magnetic field and convert it into
electrical power. A sensor and an analogue front-end circuit form the ECG sensing device. The sensor
is connected to the heart and monitors the electrical impulses that the heart produces. The analogue
front-end circuit oversees enhancing and filtering the signals before they are wirelessly transferred
to an external monitoring device. The system has recorded 10% of efficiency for implantable
electrocardiogram (ECG) monitoring device. The system proposed by the researchers was built in size
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of 24 x 27 x 8 mm3. This study also has been implanted inside a rat’s body. With an active range of
4mm, a total of 0.18W has been transferred with 6.78MHz of frequency applied.

Furthermore, Sedaghatkish et al., [75] has carried out a studied which relating the medical fields
and AET systems. Acoustic streaming takes place when sound waves travel across a fluid medium,
enabling the fluid to move in a specified pattern. This fluid flow pattern can be used to improve
medicine delivery to tumours near large hepatic veins, such as hepatocellular carcinoma.
Thermosensitive liposomes are a form of drug carrier that can release their contents in reaction to
temperature changes. This characteristic can be used to deliver medications directly to the tumour
location, where a localized temperature increase can be created utilizing audio streaming. In this
work, the acoustic field generates fluid motion via the phenomena of acoustic streaming, resulting
in heat generation owing to viscous dissipation. This heat creates a localized rise in temperature,
which allows medicines to be released from the thermosensitive liposomes. The device area for the
system was set up for 20mm x 87.2mm x 6.75mm. The efficiency of the system is 56% was recorded
for an active range of 0.453cm and the frequency applied was between 0.5MHz and 2MHz.
Additionally, High-intensity Focused Ultrasound (HIFU) with robot assistance is a non-invasive
therapeutic approach that employs ultrasound waves to heat and eliminate specific tissue. Recently,
there was an increase in interest in employing HIFU for arterial wall targeting to treat disorders such
as atherosclerosis, arterial stenosis and aneurysms. Plus, Groen et al., [76] has carried a studied which
related to medical field with 3.5MHz of applied frequency in 0.1cm of separation gaps. The efficiency
of this system was recorded below 50%. Next, Acoustic power transmission via air/skin contact is a
new technique with the potential to revolutionize wireless power transfer. Power is delivered from
a power source to a receiver via sound waves in this method. Yosra et al., [77] investigated the
viability of this technique, and the results revealed that it is certainly feasible to deliver electricity
wirelessly using acoustic waves. The research focuses on contactless power transmission across the
air/skin interface, which includes the application of high-frequency sound waves to penetrate the
skin and transmit power to the underlying tissues. The research was conducted by using 3 different
values of frequency applied which were 40kHz, 80kHz and 200kHz. The distance separation of the
transmitter and receiver was 24cm for all 3 applied frequencies. The different output power of 3.
104puW/cm, 8,4. 10-3uW/cm, 6. 10-4uW/cm was recorded respectively to the frequency applied.

Besides, [78] proposed two different techniques for coupling ultrasound into ceramic/metallic
packages in this paper. The research focuses on the use of piezoelectric transducers in implanted
devices for wireless power and data transfer, which can increase device dependability and durability.
The study outlines the creation of a ceramic package that holds the piezoelectric transducer and the
implanted device's electronics. Ceramic materials are appropriate for this use, according to the
researchers, because of their biocompatibility, mechanical robustness, and capacity to tolerate high
temperatures. To achieve theoretical results for ultrasonic transmission through two separate
package designs, the classic wave approach and modal extension are used in this work, and these
methods are verified experimentally. Alumina packages with titanium lids are used to illustrate the
package design, which is intended to be acoustically transparent at ultrasonic frequencies. As a result,
the researchers claimed that bulk modes are shown to be more efficient than flexural modes at
coupling ultrasonic energy to a piezoelectric receiver. Also, Meesala et al., [79] presents a method
for evaluating the shock formation distance of acoustic waves produced by a baffled disc with
arbitrary deformation in a weakly viscous fluid medium using an analytical approach. Shock wave
formation in acoustic energy transfer systems can occur when the acoustic waves become excessively
intense, causing a rapid increase in pressure and temperature and the production of a shock wave.
The shock wave might harm the system and limit energy transfer efficiency. As a result, it is critical
to analyse and forecast the factors that may lead to shock development. The theory of nonlinear
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acoustics may be used for evaluating shock production. Nonlinear acoustics explains the action of
acoustic waves in medium with high enough acoustic pressure to generate nonlinear phenomena
such as wave distortion, mixing, and shock production. Based on system factors such as acoustic
power, frequency, and shape, nonlinear acoustics models may be used to anticipate the conditions
in which shock production can happen. For a specific deformation profile, the renormalization
method is used to predict the nonlinear wave produced by a finite amplitude baffled circular disc.

Other than that, Acoustic Power Transfer (APT) is a promising technique that uses ultrasonic
waves to transmit electricity between two devices wirelessly. However, APT has inherent efficiency
and robustness limits, particularly when it comes to transmitting power over longer distances or in
the face of barriers or ambient noise. Using multiple input single output (MISO) configurations is one
way to increase the performance and reliability of APT. In a MISO system, several transducers
broadcast ultrasonic waves to a single receiver, which collects the acoustic power and converts it to
electrical power. The use of numerous transducers has various advantages. First, it improves total
power transfer efficiency by offering better directional control over ultrasonic waves, which lowers
energy losses due to scattering or reflections. Second, it enhances the APT system's resilience by
allowing for greater adaptability to environmental changes or disruptions. The result of employing
numerous transmitters was investigated in two scenarios: (i) aligned transducers (with the circular
patterned transducer) and (ii) non-aligned transducers (with the square patterned transducer). The
results reveal that when transducers are aligned, performance improves significantly. For a 40 mm
diameter transmitter and a 10 mm diameter receiver, the normalised transmitted power and
efficiency are almost doubled by two. When transducers are not aligned, transmitted power
increases even more, reaching up to 45 times the original value performances of SISO configurations.
In addition, K. Kim et al., [80] discusses applying sound waves to charge implanted medical devices
wirelessly. This method has the possibility to eliminate the requirement of batteries in tiny implanted
devices such neurostimulators. The study states the design and production of self-focused
transducers, as well as the development of an acoustic wave-powered system for wirelessly powering
an implanted neurostimulator. Experiment findings demonstrate that the system can effectively
power the neurostimulator with up to 92% efficiency. The author presented an APT-based
neurostimulator with a self-focused 3.6 MHz acoustic transducer integrated with a receiver circuit
consisting of a power management module and a pulse generator. The overall size of the device was
8 mm 8 mm 8.6 mm, which is enough to be implanted through a tiny cut. An external transmitter's
focused beam was received by another focused beam from a receiver transducer, and this optimized
pair of transducers with a receiver circuit generated 1.5 V, 1.3 ms pulse trains that successfully
conveyed stimulation pulses.

Next, Pop et al., [81] research focuses on the modelling and optimisation of directly modulated
piezoelectric micromachined ultrasonic transducers (PMUTs), which are small devices capable of
converting electrical inputs into ultrasonic waves and vice versa. Medical imaging, industrial sensing,
and consumer electronics are just a few of the applications for these transducers. The model
proposed can be used to improve the design of PMUTs for specific purposes, such as increasing
sensitivity or decreasing power use. As compared to standard continuous wave (CW) systems, this
system consumes 80% less energy. As compared to the same energy levels, the dMUT improves the
SNR by three times and the peak reachable contact range at 3 dB above the noise floor. Additionally,
Coccolo et al., [82] morphing distributed autonomous (MODA) system is a one-of-a-kind platform
that incorporates shape-changing characteristics to improve vehicle performance and flexibility to
various missions. This system's underwater acoustic modem must be dependable, robust, and
capable of operating in a variety of water conditions. To enable for real-time data transfer between
the vehicle and the base station or other vehicles, the acoustic modem in this study has a high data
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rate and a long communication range. The proposed system able to deal with multipath propagation,
which can cause the signal to disperse and arrive at the receiver through many pathways, resulting
in signal distortion and fading. This system uses advanced acoustic modem technologies such as
spread-spectrum methods, adaptive equalization, and advanced coding schemes to address these
issues. These techniques can help improve the signal-to-noise ratio, reduce multipath interference,
and increase the robustness of the communication network. In short, the proposed MODA system
requires the use of an advanced underwater acoustic modem capable of high data speeds, large
communication ranges, and multipath propagation. To improve reliability and redundancy, the
system may employ numerous modems.

Moreover, [83] this study has proposed a contactless ultrasonic power transfer systems with
multi-focal transmission acoustic phase holograms are a form of technology that can be used for
transmitting power over short distances utilizing ultrasonic waves. It is practical to produce numerous
focal points at different places using a multi-focal transmission acoustic phase hologram, each with
its own power level and trajectory. This provides for more efficient and flexible power transfer since
energy may be targeted to specific devices or locations as required. In this study, the ultrasonic device
generates sound waves with a waveform generator and an input voltage of 30.4 V peak-to-peak,
which are subsequently transported through the water domain to the array of receivers and a power
ratio of 23.4 was recorded on average. Contactless ultrasonic power transfer systems based on multi-
focal transmission acoustic phase holograms have a wide range of applications, including medical
devices, consumer electronics, and industrial automation. Next, Danielis et al., [84] proposed this
study’s simulation model for energy consumption and acoustic underwater communication of
autonomous underwater vehicles (AUVs) is a mathematical model meant to estimate the energy
consumption of an AUV throughout its mission and assess the acoustic communication between the
AUV and a distant station. The model considers many parameters that influence energy usage, such
as vehicle speed, mission length, and climatic conditions. A vehicle motion model, an energy
consumption model, and an audio communication model are all part of the simulation model. Based
on input characteristics such as the targeted path and the vehicle's control system, the vehicle motion
model forecasts the AUV's direction and speed. The energy consumption model calculates the power
needs of the AUV's propulsion system, sensors, and communication devices, as well as friction and
other loss of energy. The acoustic communication model forecasts acoustic signal transmission in the
submerged environment and computes the signal-to-noise ratio (SNR) at the receiver. For the
simulation results, this system transmits 100 kHz — 130 kHz of frequency in approximately 200 m of
range. The possible communication range rises from 350 m to 700 m for 20 kHz - 50 kHz. And The
performance of the 1-5 kHz band nearly doubles. After 4100 metres, communication is unattainable.
Finally, at 100-900 Hz, the communication range significantly improves to 8500 m. for the selected
input power applied, As using 2.8-W transferring power, the highest communication range is
approximately 200 m. While utilizing 8 W, the maximum communication range improves slightly to
300 m. By using 35 W transmitting power, this figure is doubled, resulting in 700 m for the last
attainable reception and 250 m for effectively receiving half of the packets. When the highest
transmitting power, 80 W, is used, half of the packets are successfully transmitted over roughly 400
m, whereas the longest possible communication range is 1000 m.

Furthermore, The Wireless Acoustic Emission Sensor System with ACMD-IGWO-XGBoost
Algorithm for live Tree Moisture Content Diagnosis is a novel technique by Z. Yang et al., [85] for
measuring the moisture level of live trees that employs a wireless sensor network and a machine
learning algorithm. These sensors are linked to a wireless network, which feeds data to a central
processing unit (CPU), which analyses the information and diagnoses the moisture content of the
tree using the ACMD-IGWO-XGBoost algorithm. The ACMD-IGWO-XGBoost method is a hybrid of the
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Adaptive Cluster Mean Distance (ACMD) algorithm, Invasive Growth-based Optimisation (IGWOQ), and
eXtreme Gradient Boosting (XGBoost). This hybrid technique is intended for enhancing the diagnostic
method's precision as well as effectiveness. In comparison to the IGWO model, which predicted using
the original AE signal, when compared to the IGWO model, which used the original acoustic emission
(AE) signal for prediction without decomposition, VMD-IGWO and ACMD-IGWO reduced prediction
error while also reducing the number of prediction deviation points, with ACMD-IGWO reducing by
nearly 118.4%. For a month, samples were taken for 60 seconds every 1 hour and 24 hours a day on
the same tree. 43,200 AE waveforms and 4.32 x 108 sampling points were captured in total. Finally,
Robinia Pseudoacacia, Photinia serrulata, Pinus massoniana, and Toona sinensis were monitored in
the field. The average diagnostic accuracy was 96.75%, demonstrating that the diagnostics method
is very applicable in a variety of working environments. Other than that, H. S. Kim et al., [86] proposed
an innovative method for transmitting acoustic energy across many mediums. The technology
employs ferroelectric materials to improve contact electrification, allowing for efficient energy
transmission across diverse media such as liquids and solids. To begin, the article covers the process
of contact electrification, which involves the generation of electric charges on the surface of a
substance by contact with another material. Explain how ferroelectric materials may be utilised to
improve contact electrification. Following that, the article discusses how a ferroelectric material can
be used to improve contact electrification between two materials, such as a liquid and a solid, to
allow for efficient energy transfer. Finally, the article describes experiments that were carried out to
demonstrate the efficacy of this method. In a nutshell, this study has successfully transferred 8 mW
of power within 6 cm of range underwater.

Additionally, J. Zhang et al., [87] proposed an approach for choosing sensors in a linearly limited
beamformer guided by relative acoustic transfer functions. The relative acoustic transfer function
(RATF) is applied in this technique to determine the relative transfer function between two sensors.
This enables the selection of a subset of sensors that are well-correlated with the intended signal of
interest while reducing interference from other sources. The suggested technique consists of two
major steps: 1) picking a subset of sensors that maximizes the RATF of the desired signal, and 2)
estimating the signal of interest from the selected subset of sensors using a linearly constrained
beamformer. Simulations and real-world experiments show that the suggested technique may
greatly enhance the signal-to-interference ratio and localization accuracy when compared to
standard beamforming methods. Since the number of selected sensors directly influences system
complexity, the suggested sensor selection issue was defined by reducing total output noise power
and restricting the cardinality of the selected subset. In general, this study proposes a unique
approach to sensor selection for linearly constrained beamformers, with possible applications in
voice recognition, sonar, and medical imaging. In addition, [88] this study introduces the Underwater
Acoustic Sensor Network (UW-ASNS) idea and the obstacles encountered in creating and
implementing a routing system for such a network. The objective of this paper is to evaluate and
analyse the performance of two routing protocols, Vector-Based Forwarding (VBF) and Depth-Based
Routing (DBR), in varied network sizes of an UW-ASNS. The study technique involves simulating UW-
ASNS with varied network sizes ranging from 50 to 250 nodes using the ns-3 simulator. Packet
delivery ratio, end-to-end latency, and energy usage are among the performance measures used for
evaluation. For simulation, the network size is 250 x 250 x 250 with 1.6 W of transmitting power in
100 m of range and a total of 1.2 W of power was recorded during the simulation. Research findings
demonstrate that VBF outperforms DBR in terms of packet delivery ratio and energy consumption,
although DBR has a shorter end-to-end delay. Furthermore, as network size increases, the
performance of both protocols degrades, with VBF showing a more significant drop in performance.
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Furthermore, Z. Wang et al., [89] discusses a wireless power transfer technique for autonomous
underwater vehicles (AUVs). The method was developed to overcome the limits of existing tethered
power supply, which are costly and limit AUV mobility. The suggested device employs magnetic
resonant coupling to wirelessly transfer power between a stationary transmitter and an AUV
receiver. The system is built with a high misalighment tolerance, which means that even if the
receiver is not exactly aligned with the transmitter, it can still receive power. This is accomplished by
employing numerous resonators in the transmitter, which can detect the receiver's location and
orientation and modify the broadcast energy appropriately. The system is also designed with high
efficiency, meaning that a significant portion of the transmitted power is received by the AUV. This
is achieved by resonant coils that are tuned to the same frequency as the transmitter, minimizing
losses due to impedance mismatch. From the research conducted, a total of 120 W of output power
was generated with 76kHz of frequency applied. The efficiency of this system was up to 96%. Next,
Grigg et al., [90] study on “Development of a low-power wireless acoustic emission sensor node for
aerospace applications” focuses on the development and deployment of a wireless acoustic emission
(AE) sensor node for monitoring critical components in aerospace applications. The primary purpose
of this study is to increase the safety and dependability of aerospace systems by giving real-time data
on essential health. An AE sensor, a low-power microprocessor, a wireless transmitter, and a battery
are all part of the proposed AE sensor node. The AE sensor is in the role of detecting and measuring
the acoustic waves produced by the component being monitored. The proposed AE sensor node was
put to the test in a lab setting, and it was discovered that it could wirelessly detect and transmit AE
signals with a range of up to 100 m. Additionally, it was discovered that the sensor node's battery life
could last up to three months, which is adequate for many aerospace applications. The device
consumes relatively low power, using 0.33 mW in sleep mode, 17.44 mW while waiting for an event,
and 38 mW when recording, processing, and transmitting an event. Overall, this study offers a
potential option for monitoring important components in aerospace applications by employing low-
power wireless AE sensor nodes. This technology can enhance the safety and dependability of aircraft
systems, decrease maintenance costs, and boost operational efficiency by delivering real-time data
on the health of crucial components.

3.2 Development of IPT

The Inductive power transfer (IPT), also known as wireless power transfer (WPT), is a technique
for sending electric power from a power source to a device without the need of physical wires or
connections. It operates by transferring energy between two coils that are near to each other using
an alternating magnetic field. IPT technology is employed in a wide range of applications, including
mobile device charging pads, electronic toothbrushes, and even electric automobiles. Firstly, a study
conducted by Choi et al., [91] proposed an innovative method for cancelling electromagnetic fields
(EMFs) produced during wireless charging of electric cars (EVs). The suggested active cancellation
approach, which entails employing a network of several antennas to cancel out the EMF created
during wireless charging.
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system [109], (2) Experimental prototype. (a) Overall view of the experimental prototype. (3) (b) The mixed-
pitch receiver coils. (c) The full-pitch receiver coils. (d) Resistance load. (e) High-frequency inverter [105], (5)
Inductive power transfer pad for charging electric vehicle (a) the primary and secondary pads (b) the
electronics [119]

The suggested approach is based on the superposition principle, in which the EMF produced by
an antenna is precisely managed to cancel out the EMF produced by the other antennas. The paper
presents the mathematical model used to calculate the cancellation signals and includes simulations
to show the method's efficiency. ISEC, 3DEC, and LFEC, three different active EMF cancel techniques,
have been used to the design of I-type IPTS and experimentally verified. For the 62.5 A load current,
the EMF at 1 m dropped to 44 mG. Overall, the article suggests a possible solution to the problem of
EMF created during EV wireless charging. The suggested technique has the potential to reduce the
health concerns associated with EMF exposure while also improving wireless charging effectiveness.
Next, a study titled “Improved Transfer Efficiency of Wireless Power Transmission System featuring
Coil-Size Disparity” by [92] discussed on designs the WPT system to work with the system with coil
size disparity using an impedance-based quality factor tuning technique. In this work, a prototype
was created and shown to wirelessly transfer power up to 15cm with a near constant efficiency of
73%. The size of the transmitting and receiving coil is 19 cm and 10 cm, respectively. The operating
frequency for this work was kept in constant at 945 kHz. The transmitter was fixed in place, while the
receiver was gradually moved away from it along the axis. The efficiency of transmission is evaluated
every 1 cm from 2 cm to 30 cm. The initial transfer efficiency for the system using the suggested
impedance-based quality factor tuning technique is approximately 73% at 2 cm and remains almost
constant as the transmission distance increases till 15 cm. Following that, the transfer efficiency is
gradually declining. The crucial coupling point has been identified 15 cm. In comparison to the system
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without any modifications, the initial transfer efficiency is only approximately 55% at 2 cm. With the
introduced adjustment, the transfer efficiency of the different coil size WPT system improves. At its
maximum transmission distance, the starting efficiency is 1.3 times greater.

Moving forward, the IPT method has gained a lot of attention in recent years because it can be
used to charge electric vehicles (EVs) and other devices wirelessly. Deng et al., [93] research on "An
Inductive Power Transfer System Supplied by a Multiphase Parallel Inverter" presents a novel method
to developing an IPT system. A multiphase parallel inverter, a resonant capacitor, and a resonant
inductor are included in the proposed system. The system is intended to be very efficient, with great
power transmission capabilities, and with exceptional stability. The IPT system is powered by a
multiphase parallel inverter, and the resonant capacitor and inductor form a resonant circuit that
allows for efficient power transmission. In this study, a prototype was built and used as a power
supply for this IPT systems with gaps of 20cm.The efficiency of this work was recorded which is 95.6%.
The study also includes a mathematical model of the proposed system and demonstrates how it can
be used to evaluate its performance. The simulation results are shown to demonstrate the suggested
system's efficacy in terms of efficiency, power transfer capabilities, and stability. Overall, the
suggested system has the potential to be employed in a variety of applications, including electric
vehicle charging, wireless power transmission for consumer devices, and industrial uses. Other than
that, a study title "Hybrid inductive power transfer and wireless antenna system for biomedical
implanted devices" was carried by Shadid et al., [94]. It is a novel method of powering and
communicating with biomedical implants. To address the limitations of conventional approaches, the
author offers a hybrid system that combines inductive power transmission with wireless antenna
technology. The proposed hybrid system includes an inductive power transfer system that supplies
continuous power to the implanted device and a wireless antenna system that allows bidirectional
communication between the implanted device and an external device. The inductive power transfer
system is intended to offer high-efficiency power transmission to the implanted device, whilst the
wireless antenna system enables wireless communication by utilising a tiny antenna that is built into
the implanted device. The approach suggested provides a few benefits over traditional techniques.
It powers the implanted gadget continuously, eliminating the need for battery replacement. It also
enables bidirectional connection between an implanted device and an external device, allowing for
real-time monitoring and control. With 13.56MHz of applied frequency, the efficiency for this system
was 72.26% at 1.5cm of separation. The suggested hybrid system has the potential to completely
transform the field of biomedical implanted devices by providing a more efficient and dependable
method of powering and communicating with these devices.

Next, Implantable Medical Devices (IMDs) are becoming more common for their use in tracking
and treating a patient's disease. Low-power transmission between the implants and the receiver
from outside patient's body is designed to ensure low medical costs and risks associated with the
need for battery replacements through surgery. Rahman et al., [95] has designed a prototype with
10mm x 10mm x 2.3mm. The frequency applied in this system was 250Hz with 209cm of air gaps. A
total of 392uW of output power was recorded for this project. In conclusion, low-power wireless
communication is a critical factor for WPT devices. It can aid in increasing energy efficiency, lowering
expenses, and ensuring reliable communication with little interference. Additionally, the approach
for improving the frequency of inductive power transfer based on the AC resistance assessment of a
Litz-wire coil is covered in the paper "Frequency Optimisation for Inductive Power Transfer Based on
AC Resistance Evaluation in Litz-Wire Coil" by Liu et al., [96]. The usage of Litz-wire coils, which are
coils made up of several tiny wires twisted together, is the main topic of the study. Litz-wire coils are
used often in IPT operations because they have less resistance than single-wire coils. The approach
for improving IPT frequency is suggested in the study and is based on the AC resistance of the Litz-

203



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 44, Issue 1 (2025) 188-224

wire coil. The process entails determining the ideal frequency for power transfer by measuring the
coil's AC resistance at various frequencies. The output power for this system was recorded which was
40W with 147kHz of applied frequency. The efficiency for this system less than 50%. Thus, the
research offers insightful information about IPT optimisation utilising Litz-wire coils and emphasises
the need of taking the coil's AC resistance into account when choosing a frequency.

Furthermore, Zucca et al., [97] has conducted a study on “Metrology for inductive charging of
electric vehicles (MICEV)” is an area of study that focuses on the creation and improvement of
measuring methods for electric car inductive charging. The objective is to guarantee evaluations of
the energy transmitted during charging that are precise and reliable, as well as the safety and
efficiency of the charging system. In this study, these systems, power is measured over a frequency
range up to 150kHz. The main objective of this system is to design and calibrate a high-accuracy
power measurement unit for static wireless power transfer for on-board measurement and IPT
efficiency assessment. In general, this study is significant for the creation of dependable and effective
electric car charging infrastructure, which will be essential in lowering greenhouse gas emissions and
lessening the consequences of global warming. Next, [98] study on “Dynamic Wireless Charging of
Autonomous Vehicles" discusses a small-scale test of inductive power transfer (IPT) as a method for
autonomous cars' self-sufficient energy source. The article examines the difficulties of supplying
enough energy to autonomous vehicles, especially those that need a lot of electricity, like trucks.
According to the study, this issue may be resolved by dynamic wireless charging, which enables a
vehicle's batteries to be charged while it is moving. A small-scale model of an electric truck is made
by customizing a 1:14-scale replica to demonstrate the possibilities of such solutions in the
electrification of road transportation. The outcomes of the autonomous operation of the small scales
model by tracking a specified path that comprised the two coil sections for dynamic charging were
shown to demonstrate the integrated operation of self-driving technology and wireless inductive
power transmission. Thus, the model can be used as a simple and low-cost platform for developing,
testing, and evaluating self-driving technology as well as solutions for dynamic inductive power
transmission.

Moreover, Kempi et al., [99] has carried out a study on “Resilient flow control for wireless data
streaming in inductively coupled medical implants”. The study proposed a new flow management
method for wireless data streaming in implants that employ inductive coupling for both power and
data transfer. Resilient Flow Control (RFC), a proposed flow control mechanism, is intended to
address these issues by combining data prioritisation, rate control, and error correction techniques
to guarantee the prompt and reliable transmission of crucial medical data while making the best use
of available bandwidth. Vital signs and alerts are given priority by the RFC algorithm over less
important data, such as information on patient activities. Also, rate control techniques are used to
dynamically alter the data transfer rate based on the bandwidth that is available and the importance
of the data. The 28nm CMOQOS technology was used to implement the suggested communication
system. Place-and-route (PNR) findings take up just 0.0048 mm2 of core space, and the power
consumption during transient simulations is 306 nW at 0.5 V supply and 845.7 kHz for the master
clock. The implementation offers an uplink rate of 12 kbit/s, which is adequate for the secure
transmission of a 12-bit, 1-channel recording at 1 kS/s. In addition, Electric vehicle charging, wireless
power transmission, and biomedical implants are just a few of the areas where inductive power
transfer (IPT) devices are finding growing use. The design of the coils used in the power transfer
process has a significant impact on the effectiveness and performance of these systems. In this
context, Namadmalan et al., [100] suggested an IPT system design optimisation approach that takes
into account bifurcation and equivalent AC resistance for spiral coils. The technique considers two
significant elements influencing the performance of IPT systems: bifurcation and equivalent AC
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resistance. Bifurcation is a thing in which the coil enters a chaotic condition, resulting in a
considerable loss in the effectiveness of the IPT system. On the other hand, equivalent AC resistance
influences the power transfer efficiency of the system and is impacted by coil shape and material
gualities. The suggested technique employs a genetic algorithm to optimise coil design parameters
such as the number of turns, radius, and width to reduce the coil's bifurcation and equivalent AC
resistance. The optimisation procedure is based on a mathematical model that considers the
magnetic field distribution, current density, and coil equivalent AC resistance. The suggested
approach was validated using a laboratory prototype with an output power of about 200 W and an
operating frequency of around 85 kHz. With over 95% accuracy, this model calculates the equivalent
resistance of the coils for a given strand diameter. According to the findings of the study, the
proposed optimisation strategy may greatly increase the performance of IPT systems. The optimised
coil designs have lower bifurcation and comparable AC resistance values, which results in improved
power transfer efficiency and less coil heating.

Dynamic charging inductive power transfer (IPT) systems for electric vehicles allow for wireless
charging while the vehicle is in motion. Several factors can influence power transfer efficiency,
including the distance between the coils, coil alignment, and the frequency of the alternating current
used. Stoyka et al., [101] conducted a study on the analytical modelling of the input current absorbed
by a dynamically functioning Inductive Power Transfer System (IPTS). A total of 82.9% efficiency was
measured with an applied frequency of 85kHz. The output power level was 11kW with 20cm air gaps.
In general, dynamic charging IPT systems are a promising field of research and development for
electric car charging, and further advances in modelling and design will be critical for their broad
implementation. Next, S. Song et al., [102] paper titled "Receiver Current Stress Mitigation for a
Dynamic Wireless Charging System Employing Constant Resistance Control" proposes a technique
for minimising the current stress of the wireless charging receiver in dynamic wireless charging
systems. The suggested technique leverages a constant resistance control approach to maintain a
constant load resistance for the receiver independent of changes in the charging system's coupling
coefficient and operation frequency. This acts to lower the receiver's current stress and increase its
efficiency. To resolve this issue, constant resistance (CR) control is used, which shapes boost input
current and voltage in phase. When driving at 80km/h, the maximum stress improvement on receiver
resonant current is 29% for ideal conditions and 44% for non-sinusoidal conditions. The simulation
and experimental findings show that the suggested approach is helpful in lowering receiver current
stress and enhancing charging efficiency. The results reveal that, when compared to standard control
approaches, the constant resistance control methodology can maintain a consistent receiver output
power and lower peak receiver current by up to 60%. Overall, the study gives significant insights into
the issues of dynamic wireless charging systems and presents an efficient approach for decreasing
receiver current stress, which has the potential to increase wireless charging system efficiency and
dependability.

Additionally, Xia et al., [103] research focuses on dynamic wireless charging, a system that allows
electric vehicles to recharge wirelessly while driving. One of the difficulties of dynamic wireless
charging is maintaining an adequate level of power transfer efficiency even when the transmitting
and receiving coils are misaligned. Study suggests employing an integrated receiver with high
misalignment tolerance to overcome this issue. This receiver is intended to have a broad efficient
receiving area, allowing it to catch more power even when the transmitting and receiving coils are
misaligned. The receiver also employs a multi-coil construction and a control algorithm that allows it
to respond to variations in the location and orientation of the transmitting coil. The integrated
receiver is also tiny and lightweight, which is essential for usage in electric cars. According to the
research conducted, an integrated receiver with high misalignment tolerance could achieve a power
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transfer efficiency of more than 90% even when the transmitting and receiving coils are misaligned.
Two decoupled coplanar spiral coils on the integrated receiver's lower layer serve as an auxiliary
repeater to help maintain a reliable power transfer between the track's transmitter coils and the
primary reception coil on the upper layer. Next, for the proposed receiver structure, an optimization
model based on the Bayesian technique is created, and some essential parameters are optimized. To
validate the effectiveness of the suggested design and optimization process, two 300W dynamic
charging prototypes based on the integrated receiver and conventional spiral receiver, respectively,
were produced. Moreover, the paper "Multiplexed Supply of a MISO Wireless Power Transfer System
for Battery-Free Wireless Sensors" was proposed by Bouattour et al., [104] presents a wireless power
transfer (WPT) system for battery-free wireless sensors that use a multiple-input single-output
(MI1S0Q) architecture. The suggested solution is designed to address the issue of powering sensors in
remote places with limited access to power. The system is composed of up of numerous antennas
for power transfer and a rectifier circuit to convert the received alternating current signal to direct
current voltage. The rectifier circuit is optimised for performance and minimum voltage loss. A power
multiplexer is also included in this system's proposal to deliver power to numerous sensors at the
same time. The suggested system might be employed in a variety of industries, including
environmental monitoring, healthcare, and agriculture, where battery-free wireless sensors could be
used for long-term monitoring without the need for battery replacement. The unique approach's
viability was studied, implemented, and assessed for a multi-input-single-output (MISO) wireless
power transfer system with 16 transmitting coils and one receiving coil with a double diameter. The
paper explains the proposed system in whole, including theoretical calculations and simulation
results. The simulation results demonstrate that the suggested system is very efficient and can power
several sensors at the same time. In summary, the research proposes a viable approach for WPT to
battery-free wireless sensors, which may be useful in addressing the issue of powering sensors at
remote places.

Moving forward, B. Song et al., [105] article "A dual-layer receiver with a low aspect ratio and a
reduced output fluctuation for EV dynamic wireless charging" offers a unique dual-layer receiver
design for EV dynamic wireless charging. The suggested dual-layer receiver is made up of two layers
of printed circuit board (PCB) coils that are vertically aligned and separated by a tiny air gap. The
bottom layer has a wider radius and is intended to collect most of the magnetic field from the
charging pad, whereas the top layer has a smaller radius and aims to capture the higher frequency
magnetic field components. This two-layer design minimises the receiver's aspect ratio, making it
smaller and less sensitive to the relative position and orientation of the charging pad. Furthermore,
the proposed receiver includes a feedback control loop that adjusts the receiver's load impedance to
maintain a constant output voltage even when the input power fluctuates due to changes in the
relative position and orientation of the charging pad. A DC-DC converter and a low-pass filter are
used in the feedback loop to smooth out variations in the input power and provide a consistent
output voltage. Finally, a 10-kW prototype with an AC-DC efficiency of 93.2% was created for testing.
The practical findings agreed with the theoretical analysis and simulation results, demonstrating that
the suggested receiver could minimise the aspect ratio and accomplish decoupling between the
receiving coils while decreasing output fluctuation. In addition, Y. Zhang et al., [106] has carried out
a study on “Multi-Objective Optimization of Single-Transmitter Coupled Multi-Receiver IPT System
for Maglev Trains”. A single main coil is employed to deliver power to several secondary coils on the
train in a single transmitter linked multi-receiver IPT system. The method is widely used in maglev
trains, which require a lot of electricity to keep levitation and propulsion working. Finding the best
settings that fulfil several competing objectives is the goal of multi-objective optimisation of such a
system. In this scenario, the goals are to improve power transfer efficiency, reduce magnetic field
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radiation, and increase power transmission distance. A typical method for multi-objective maximising
is to employ a technique known as Pareto optimization, which involves identifying the set of optimum
solutions that are not dominated by any other solution. To validate the design concerns, a scaled-
down single-transmitter linked dual-receiver IPT system was built. The prototype's efficiency hit 80%
at 1kW output power with roughly 100V input voltage and 50V output voltage at a switching
frequency of 85kHz.

Furthermore, the paper "Wireless Power Transfer Using a Five-Phase Wound-Rotor Induction
Machine for Speed-Controlled Rotary Platforms" by Rizzoli et al., [107] presents a wireless power
transmission mechanism to a revolving platform. The system comprises of a stationary transmitter
and a revolving receiver, which is a wound-rotor induction machine with five phases. The machine
can vary its speed based on the wireless power received, allowing it to maintain a steady pace even
when the power transfer varies. The typical answer for this approach is to employ slip-ring contacts.
They do, however, get worse with age, necessitating a regular care plan. The device's practical
potential is demonstrated through experimental tests on a scaled prototype. The results indicate that
the system can wirelessly transfer electricity to the spinning platform while keeping a steady speed.
The system achieved an efficiency of more than 80%, and the authors believe that this might be
enhanced further with system design optimization. Next, Meng et al., [108] Helmholtz-like three-coil
wireless power transfer system is a kind of wireless power transfer system that employs three coils
to transfer power from a transmitter coil to a receiver coil. The technique was developed primarily
for use in gastrointestinal robotics, where a wireless power transfer system is required to power the
robot without the usage of batteries. However, the main limitations of WPT systems in such
applications are low power transfer efficiency (PTE) (most studies show it to be less than 3%) and
poor power received stability. The study explains the system's optimization and analysis, with an
emphasis on increasing power transfer efficiency and assuring the robot and patient's safety. To
maximise power transmission efficiency, the physical characteristics of the coils, such as radius,
number of turns, and location, are adjusted throughout the optimization process. A prototype
estimated the gastrointestinal robot operating condition and was implemented for an experimental
test to validate the suggested design. The experimental findings show that the proposed three-coil
WPT system with 9 turns load coil and 40 turns reception coil achieves a PTE of 4.32% and a PDL of
541.5 mW. Furthermore, the novel Helmholtz-like load coil achieved a best PTE of 6.45% and a PDL
of 845 mW. The results of the research indicate that the improved three-coil WPT system can
transmit power with up to 85% efficiency, which is greater than the efficiency of traditional two-coil
WPT systems.

In addition, multiple isolated power supplies are required to run many gate drivers of series
coupled insulated gate bipolar transistors (IGBTs) in a high-voltage application. This research has
been conducted by Cheng et al., [109] proposed a unique wireless power transfer (WPT) technology
based on repeater coils to address these issues. Repeater coils are used to increase the power
transfer capability for long range. The primary coil is normally located within the power supply unit
(PSU) and is linked to a power source, such as an AC power supply. The secondary coil is linked to the
load, which in this case is the gate drivers of the IGBTs and is situated near to the primary coil. Each
receiving circuit in the experiment has a load power of 3W, which is sufficient to drive an IGBT. The
efficiency for this system is 91% and was recorded. Other than that, inductively coupled wireless
power transfer (WPT) systems are widely used to charge mobile device and electric vehicle batteries.
The WPT system's performance is highly sensitive to the intensity of electromagnetic coupling
between the coils, compensatory topologies, loads, and airgap fluctuation. D. Kim et al., [110] study
seeks to give a thorough characteristic analysis for the design of a WPT system using a numerical
simulation tool. The FEKO electromagnetic field solver is primarily used to investigate high-frequency
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devices. The simulated S-parameter was used to calculate the self and mutual inductance of wireless
transfer windings across various airgaps in this work. The development of the magnetic coupling and
the distribution of the magnetic fields between the coils in the series-parallel model were further
investigated using near-field analysis to determine the WPT system's efficient performance. Finally,
it was established that the FEKO simulation results agreed well with the practical measurements.
When a 10 V input voltage is applied to the prototype's transmission unit, a power of 5.31 W is
provided with a transferring efficiency of 97.79% in FEKO. The actual measurements showed a
transferring efficiency of 95.68%, with an error margin of 8.4%.

Furthermore, [111] this study carried out an investigation on “Three Phase Coil based Optimized
Wireless Charging System for Electric Vehicles”. This study describes an optimised three-phase coil-
based wireless charging system for electric automobiles. A three-phase coil, a power electronic
converter, a battery charger, and a control circuit comprise the system. The objective of this research
is to make charging electric vehicles easier by removing the need for wires and plug-in chargers. The
use of three-phase coils in the charging system enhances power transfer efficiency by eliminating
losses caused by skin and proximity effects in the coil. The optimised wireless charging technology
can supply high power levels, allowing electric vehicles to be charged quickly. A communication
system between the charging station and the vehicle is also included in the proposed technology to
communicate information about the battery's status and the charging process. This enables the
charging system to adapt to the vehicle's individual demands and optimise the charging process for
optimal efficiency. This suggested work achieves a peak efficiency of 89% at 3 W of output power.
Below 3.2 W, the transmitter will turn off and remain turned on otherwise. Overall, the Three Phase
Coil based Improved Wireless Charging System for Electric Vehicles provides a promising option for
the development of electric vehicle charging by offering EV owners with a simple, efficient, and safe
charging environment. Additionally, a study on "Coil Parameter Analysis in Wireless Electric Vehicle
Charging" [112] discusses the significance of coil characteristics in wireless electric vehicle charging
(WEVC) systems. The article investigates the influence of coil characteristics such as number of turns,
diameter, and length on WEVC system performance. The research provides a thorough examination
of the impact of coil parameters on the Q factor and efficiency of a WEVC system. The author
investigates the effects of coil diameter, length, and number of turns on the Q factor and system
efficiency using simulations and mathematical models. The analytical findings suggest that the coil
diameter and length have a substantial impact on the Q factor and system efficiency, whereas the
number of turns has a very minor influence. Finally, the paper emphasises the significance of coil
parameters in the design of WEVC systems and provides insights into the optimal coil diameter and
length values. The paper's research can assist designers and engineers in optimising the performance
of WEVC systems by selecting the appropriate coil settings.

Inductive wireless power transmission systems are widely employed in a variety of applications,
including wireless charging of mobile devices, electric cars, and medical implants. However, one of
the limitations of inductive wireless power transfer systems is their limited horizontal transmission
range. To solve this constraint, researchers studied the use of passive resonators to improve the
transmission range of inductive wireless power transfer devices. This study employed passive
elliptical resonators to improve the horizontal transmission range of an inductive wireless power
transfer system [113]. The resonators were intended to resonate at the same frequency as the
transmitter coil and were positioned between the transmitter and reception coils. The resonators'
elliptical shape was chosen because it provides for a bigger surface area than circular resonators,
resulting in a stronger magnetic field. The resonators were also built with a high-quality factor (Q
factor), which reflects the resonator's capacity to retain energy. A high Q factor indicates that the
resonator can store energy for a longer period, resulting in a stronger magnetic field. The
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experimental coil type provided here is a single layer spiral with a double split track. A PIC18F
microcontroller is employed at the transmitter to drive the H-bridge inverter at 200 kHz. The results
of the research indicated that using passive elliptical resonators extended the horizontal transmission
range of the inductive wireless power transfer system significantly. Researchers were able to obtain
a 50% improvement in gearbox range over a system without resonators. Next, Elngar et al., [114] has
carried out a research on "Wireless Power Transfer for Stationary and Dynamic Charging Systems for
Electric Vehicles Using MATLAB/SIMULINK" looks at the feasibility and efficiency of wireless power
transfer (WPT) systems for electric cars (EVs). The goal of the research is to create a simulation model
of WPT systems using MATLAB/SIMULINK to evaluate the system's performance and efficiency. The
WPT system simulation model is created with MATLAB/SIMULINK, which enables the evaluation of
the system's performance under various operating situations. The simulation findings demonstrate
that the WPT system can wirelessly transmit power to an EV in both stationary and dynamic charging
circumstances. Future WEVCS opportunities, such as "vehicle-to-grid (V2G)" and "in-wheel" wireless
charging systems WCS, are also investigated and qualitatively compared to other advanced methods.
Firstly, the author compared the wireless V2G system and plug-in V2G analysis. For wireless V2G, the
operating frequency is between 81.9 kHz- 90 kHz while for the plug-in version is between 16 kHz —
10 kHz. The power transfer efficiency (PTE) for both systems has been recorded more than 90%.
Moving forward, the author also compared the in-wheel WCS and via-wheel WCS. The operating
frequency for in-wheel WCS is 100kHz and for the via-wheel WCS is 50 kHz — 55 kHz. The total power
transfer for both in-wheel WCS and via wheel WCS are 100W and 60 W respectively while the PTE
recorded are more than 80% for in-wheel WCS and 70% - 78% for via-wheel WCS. Finally, the study
demonstrates the feasibility and effectiveness of wireless power transfer systems for EVs, and the
simulation model created with MATLAB/SIMULINK is a useful tool for evaluating and optimising the
performance of these systems.

Additionally, Kao et al., [115] invented the Adaptive Bidirectional Inductive Power and Data
Transmission System (ABIPDTS). It is a wireless power and data transfer technology that use inductive
coupling. The ABIPDTS system provides a bidirectional communication protocol, allowing data to be
exchanged between the transmitter and receiver. It also contains adaptive tuning, which modifies
the frequency of the broadcast signal to optimise power and data transmission based on the receiving
device's parameters. The versatility of the ABIPDTS system to adapt to changes in the environment
is one of its distinguishing qualities. The system continually monitors the wireless link and adjusts the
transmission settings in real time to account for changes in the distance between the transmitter and
receiver coils, as well as the presence of other objects that may disrupt with the magnetic field. The
system operated with 83kHz of operating frequency and 80 W of output power. Under high voltage
and large conduction coil misalignment, the suggested technique may improve system efficiency by
more than 7.5%. Wireless charging for electric cars, implanted medical devices, and wireless sensors
for the Internet of Things (loT) are all possible uses for ABIPDTS method. Its adaptive tuning and
bidirectional communication features make it a viable wireless power and data transmission device.
Moreover, [116] has carried out a study on “A novel design of partially magnetized pavement for
wireless power transfer to electric vehicles with improved efficiency and cost saving”. The suggested
solution includes employing partly magnetised pavement to provide wireless power to electric
automobiles. The pavement consists of a series of magnetised segments implanted in the highway
surface. The electric car is outfitted with a receiver coil, which is located beneath the vehicle and is
used to collect energy from the pavement. Compared to standard wireless power transfer systems,
the design has significant benefits. First, the partly magnetised pavement allows for more efficient
power transfer, decreasing energy losses and enhancing total system efficiency. Second, using
pavement as a power source eliminates the need for expensive and cumbersome charging
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equipment, lowering the system's cost and complexity. Furthermore, the design is adaptable in terms
of the amount and positioning of magnetised segments, allowing for customisation based on the
unique requirements of a given highway. The system may also function in bad weather, such as rain
or snow, without reducing performance. The findings demonstrated that partly magnetised
pavement outperformed conventional pavement for wireless power transmission, providing a 1.5%-
13.3% gain in charging efficiency. If the embedment depth of the transmitter coil is 0.1 m, the wireless
charging efficiency may be increased by 1.5%, from 70% to 71.5%. If the pavement layer above the
transmitter coil thickens to 0.4 m, this efficiency boost can be upped to 12%. Based on the exact
efficiency increase and the daily charging hours of the WPT system, the specific power cost savings
for a one mile partly magnetized pavement stretch might vary from $0.2-14 million.

In addition, CICEK et al., [117] research on “The modelling, simulation, and implementation of
wireless power transfer for an electric vehicle charging station” has present a technique for wirelessly
transmitting electric power from a charging station to an electric car. The article provides a thorough
examination of the theoretical and practical elements of wireless power transfer, including the
fundamental concepts of wireless power transfer, the design of a wireless power transfer system,
and system modelling and simulation. The research also covers the development of a wireless power
transmission system based on resonant magnetic coupling. A charging station and an electric car
outfitted with a wireless power receiver comprise the proposed system. The charging station is
powered by an external source and creates an oscillating magnetic field that is used to wirelessly
transmit energy to the electric vehicle. The simulation results show that the proposed wireless power
transfer system is efficient, with a high-power transmission efficiency of more than 90%. The system
is also demonstrated to be durable, with low fluctuations in power transfer efficiency under various
operating circumstances. Research demonstrated the optimal distance between the coils. The WPT
system prototype is then developed, and experimental experiments are conducted at 86 kHz and 10
W. According to the experimental results, the maximum efficiency of the WPT system in the optimum
condition of topology is 75%. The suggested approach has the potential to transform the charging of
electric vehicles by providing a more convenient and efficient technique. Furthermore, Prosen et al.,
[118] work "On-Line Foreign Object Detection Using Double DD Coils in an Inductive Wireless Power
Transfer System" describes a technique for identifying foreign objects using double DD coils in an
inductive wireless power transmission method. The paper proposes using double DD coils to detect
foreign objects in the system. The double DD coils are made up of two identical coils that are
perpendicular to one other and have two winding sections each. The coils are linked in series on the
same circuit board. Any external item in the system will produce a change in the mutual inductance
between the coils when the coils are activated with a high-frequency signal. This difference can be
noticed and applied to set off an alert or shut down the system. The study gives experimental findings
demonstrating the efficacy of the double DD coil approach for detecting alien objects. The studies
were carried out on a 13.56 MHz WPT system, and numerous foreign items were brought into the
system to put the detection mechanism to the test. The system was operated with 15V and 2 A with
87 kHz of operating frequency. The distance between the transmitted and the receiver pads was
modified in 2 mm increments from 15.3 mm to 75.3 mm. Overall, the research describes a unique
and successful approach for detecting foreign items in inductive WPT systems employing double DD
coils. The innovation has the potential to increase WPT system safety and dependability in a variety
of situations.

The paper "Thermal Evaluation of an Inductive Power Transfer Pad for Charging Electric Vehicles"
by S. Kim et al., [119] offers research findings on the thermal performance of an inductive power
transfer (IPT) pad used for charging electric automobiles. The IPT pad is a wireless charging method
that employs magnetic fields to transmit electricity from the charging pad to the vehicle's battery.
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The research looks at the thermal behaviour of the IPT pad under various charging settings, such as
varied power levels and charging times. According to the study's findings, the IPT pad creates heat
throughout the charging process, and the temperature of the pad rises as charging time and power
level rise. 10 kW of output power was successfully transferred with 93.5% of system efficiency. The
losses in the IPT system's other components are measured experimentally verified. When the
expected power losses are added together, the overall efficiency of the IPT system is predicted to be
94.2%. The magnetics accounted for the bulk of the simulated losses, accounting for 2.9% and 0.7%,
respectively. Overall, the study gives useful insights into the thermal behaviour of IPT pads as well as
ideas for enhancing their thermal performance, which can lead to more efficient and dependable
charging of electric vehicles. Next, [120] this paper carried out a study titled “A study on renewed
perspectives of electrified road for wireless power transfer of electric vehicles”. The research
explores new views of electrified highways for electric car wireless power transmission. The
electrified road technology is a long-term solution for charging electric vehicles and eliminates the
need for large, expensive batteries. The study also examines the present state of electrified highways
in various nations, as well as their technical and economic viability. One of the primary advantages
of electrified highways is the ability to increase the range of electric cars, which may charge
continually while driving. Furthermore, electrified highways might eliminate the need for regular
charging stations, that can be expensive to establish and manage. Nevertheless, implementing
electrified roadways presents various problems, including significant infrastructure construction
costs, the requirement for a standardized charging method, and the possible impact on the
environment and animals. To maintain constant speed on a highway, the needed power transmission
on eRoad with a wireless system is projected to be 20 kW-40 kW for passenger cars, and 100 kW and
180 kW for big trucks and buses, respectively. The overall prices of the test tracks ranged from S1-
1.5 million per lane-mile for low power capacity (20-50 kW) to $4-6 million per lane-mile for high
power capacity (200 kW) [121]. The results of these test reveal that the practicality of eRoad was
demonstrated, with charging efficiency ranging from 70 to 95% depending on the air gap and
coil/ferrite configuration.

Inductive Wireless Power Transfer (IPT) has many applications, including electric vehicle (EV)
charging. Thongpron et al., [122] has developed a 10 kW IPT prototype for EV charging. The prototype
employs a resonant converter to match the impedance of the transmitting and receiving coils,
improving power transfer efficiency. A feedback control mechanism is also used in the prototype to
maintain a consistent output voltage and current, ensuring safe and dependable charging. The
outcomes showed that when the prototype IPT system was applied to the resistive tungsten halogen
load at 369.4 V DC input voltage and 32.33 A DC input current during the first stage of the study, the
DC output voltage and currents were 362.4 V and 29.67 A, respectively, while the highest DC output
power and dc-to-dc effectiveness associated to 10.75 kW and 90.00%, accordingly. Next, Barsari et
al., [123] study on Inductive Coupler Array for In-Motion Wireless Charging of Electric cars is a
technology which enables electric cars to be charged wirelessly while in motion. The system operates
by placing several inductive couplers in the road and connecting them to an electrical power source.
One of the primary benefits of the Inductive Coupler Array is its capacity to charge numerous vehicles
at the same time. As the couplers are organized in an array, numerous cars can drive over them at
the same time. Furthermore, the system is weather-resistant, making it suited for usage in all sorts
of weather situations. The method has various possible uses, including utilization in public
transportation systems such as buses and trams, as well as private automobiles. It might potentially
be employed in freight transportation, with electric trucks being wirelessly charged while travelling
on roads. As coupling declines by around 50%, the efficiency of the push-pull driven coupler array
(PPCA) observed was 80%. The circuit layout is proven using a three-coupler primary array capable
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of delivering up to 3.3 kW to two independent secondary loads. Enabling vehicles to charge while
they are moving has the potential to make electric vehicles more practical and convenient for daily
use. Lastly, Kim et al., has conducted research on “Development of 1 MW Inductive Power Transfer
System for a High-Speed Train” [124]. The study focused on the 1MW high power IPT system based
on the inverter's delivering power. In contrast to the previous research, the system supplies
propulsion power to the train in actual time without the need of a charger for batteries, and for
efficient system design, a 60kHz operating frequency was employed instead of the standard 20kHz
for high-powered operation. The results of a resistive load rated power test with a 128 m transmitter
showed an efficiency of 82.7% with output power of 818 kW to input power of 989 kW. The IPT was
applied to a real vehicle, the output voltage and current of the pick-up were recorded, and a high-
speed train successfully ran at 10 km/h.

Table 1 and 2 summarize the results for the selected for both APT system and IPT system that has
been review previously.

Synopsis of APT and IPT applications

There are number of research conducted in the field of AET and IPT. This research covers several
application areas including medical, AUV, UAUV, Wall through power, aerospace and even in
holograms. Both experimental and simulation modelling were used to design this research.

Medical applications:

High power in the receiving end is not required for medical appliances, to be specific for
implantable devices. In fact, most of the application requires only mW to even uW level of received
power. Therefore, most of the existing works focus on the reliability of the system, rather than the
output power or efficiency. Hence, over 90% efficiency can be achieved (94.5% at 0.01 cm with 2.7
MHz operating frequency) using APT. Indeed, over-MHz range frequencies (40 kHz - 13.56 MHz) are
preferred for medical applications using APT despite some with kHz frequencies. As can be seen from
Table 1.

IPT is still in the experimental phase for implants compared to APT. IPT can achieve higher
efficiency as well, over 90%. However, the energy density restrictions will limit the overall output
power and will be within mW range as well.

Electric vehicles:

APT is strictly not suitable for wireless power for electric vehicles. As is requires over kW range
with high efficiency. IPT, on the other hand, is well established in this interest. IPT can deliver high
efficiency with high power up to 818 kW with 82.7% of efficiency at a 5 cm receiving distance. Table
2 depicts the improvements of IPT. Table 3 and 4 presents the summary of this review. Figure 1 and
figure 2 shows several proposed APT and IPT systems.

Table 1

Selected APT system discussed in this paper

References Operating Gaps (cm) Operating Efficiency, Applications Experiment
frequency power %

[67] 600 kHz — 0-5 7 kPa - Medical Simulation
1200 kHz comsol

[68] 13.56 MHz - 55 mW 59 Medical Experimental

[69] 40 kHz 4 0.318 mW 69.4 Medical Experimental

[1] pMUT — 88 pMUT-11 pMUT - pMUT — Medical Experimental
kHz COTS -3 417.7 mW 10.29
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COTS-628 COTS-417.7 COTS-
kHz mW 4.82
[70] 915 MHz 120 8.2 dBm 87.2 Communication Experimental
[71] 268 kHz 0.12 32W 80 Wall through Experimental
[72] 2.7 MHz 0.01 2.84 mW 94.5 Medical Experimental
(not
confirmed)
[73] 5Hz-3 MHz 7.4 51.5mW 75 Medical Experimental
[74] 6.78 MHz 0.4 1.8W 10 Medical Experimental
[75] 1MHz-1.5 0-0.6 - 56 Medical Simulation
MHz
[78] 100 kHz - 1.5 - ~ 3 uwW 80 Medical Experimental
MHz
[77] 40 kHz - 200 24 6 x10-4 - Medical Experimental
kHz IJ_W/sz
[76] 3.5 MHz 0.1 - >50 Medical Experimental
[79] 1 MHz 11.57 0.64 MPa 50 Wall through Simulation
[81] 100 kHz 6.2-18.6 55 W - 550 80 Medical Experimental
W
[80] 3.6 MHz 1.85 9.43 mW 2.66 Medical Experimental
[87] 16 kHz - - - System Numerical
improvement simulation
[90] 100 kHz 10 39.5 mW 65.2 Aerospace Experimental
applications
[83] 2.3 MHz 6 234 W 95.66 Holograms Experimental
[84] 18 kHz — 34 4000 80W 50 AUV Simulation
kHz OMNeT++
[88] 3 kHz 1000 12w 75 Underwater Simulation
[89] 76 kHz 0.5 120w 96 AUV Experimental
[82] 192 kHz 10 1900 bps 40 AUV Experimental
[86] 40 kHz 6 8 mw 4 Medium Simulation
through EM- COMSOL
shielded cases
[85] 433 MHz 10-20 7.7 kW 38.5 Electric vehicles Experimental
Table 2
Selected IPT system discussed in this paper
References Operating Gaps, cm Operating Efficiency, Applications Experiment
frequency power %
[92] 945 kHz 2-15 - 73 System Experimental
improvement
[93] 88 kHz 20 20 kW 95.6 Electric Experimental
vehicles
[94] 415 MHz, 915 1.5-11 0.43 W/kg, 72.26at1.5 Medical Experimental
MHz and 1300 0.58 W/kg cm
MHz and 0.654
W/kg
[96] 147 kHz 15 40 W ~50 System Experimental
improvement
[97] 150 kHz 20 7.7 kW 38.5 Electric Experimental
vehicles
[99] 12 MHz - 306 nW - Medical Simulation
[95] 250 Hz 209 392 uW 99.8 Medical Experimental
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[100] 85 kHz 7 200 W 95 System Experimental
improvement
[101] 85 kHz 20 11 kW 82.9 Electric Simulation
vehicles
[102] 20 kHz 60 - 44 Wireless Experimental
charging
[103] 85 kHz 5 300 W >71 Wireless Experimental
charging
[107] 100 Hz - 100 W 53 Automation Experimental
applications
[109] 200 kHz 36 3W 89.1 System Experimental
improvement
[108] 220 kHz - 845 mW 81.69 Medical Experimental
[104] 140 kHz 100 - 75 Wireless Experimental
charging
[106] 85 kHz 4 1 kW 80 Electric Experimental
vehicles
[110] 20 kHz 10 531W 97.79 System Simulation
improvement
[105] 20 kHz 20 10.64 kW 93.2 Electric Experimental
vehicles
[111] 4 MHz 58-8 3W 89 Electric Experimental
vehicles
[113] 200 kHz 6,12and 18 - 60, 60 and System Experimental
53 improvement
[114] 100 kHz Low — 100 W >80 Electric Simulation
medium vehicles
50 kHz — 55 High 60 W 70-78 Simulation
kHz
[115] 83 kHz 2 800 W 65 System Experimental
improvement
[123] 83 kHz ~6 3.3 kW 91.41 Electric
vehicles
[116] 75 kHz 50 20 kW 71.5 Electric Experimental
vehicles
[117] 86 kHz 1.5-2 mow 75 Electric Experimental
vehicles
[118] 87 kHz 75.3 5.184 W 17.28 Foreign Experimental
object
detection
[119] 81.2 kHz 22 9.42 kW 94.2 Electric Experimental
vehicles
[122] 20 kHz 16 10.75 kW 90 Electric Experimental
vehicles
[123] 83 kHz 20 3.3kwW 80 Electric Experimental
vehicles
[124] 60 kHz 5cm 818 kW 82.7 High Speed Experimental
Train
Table 3
Summary of the review for AWPT
AWPT type Frequency Gaps (cm) Efficiency (%) Output Power
(min — max) (max) (max)
Medical 5Hz-13.56 MHz 18.6 94.5 550 W
Communication 915 MHz 120 87.2 8.2 dBm
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Wall-through 40 kHz - 1 MHz 6 80 3.2W

System 16 kHz - - -

improvement

Aerospace 100 kHz 10 65.2 39.2mW

applications

Holograms 2.3 MHz 6 95.66 23.4W

AUV 18 kHz—192 kHz 4000 96 120 W

Underwater 3 kHz 1000 75 12w

applications

EV 433 MHz 20 38.5 7.7 kW

Table 4
Summary of the review for IPT

IPT type Frequency Gaps (cm) Efficiency (%) Output power
(min — max) (max) (max) (max)

System 20kHz-945kHz 36 97.79 800 W

improvement

EV 20 kHz — 4 MHz 50 94.2 818 kW

Medical 250 Hz - 1300 93 99.8 844.9 mW
MHz

Wireless charging 20 kHz — 140 kHz 100 75 300 W

Automation app 100 Hz - 53 150 W

Foreign object 87 kHz 75.3 17.28 5.18

detection

4. Conclusions

We can conclude from the aforementioned review is that WPT is widely used in wireless powering
through walls, biomedical implants, charging electric automobiles, and many more applications. Both
safety considerations and system performance of the WPT is the main point for recent developments.
As such, APT is more suitable for the in vivo applications, i.e., medical implants, where safety
concerns are more important. In comparison, IPTs are recommended for high power transfer within
small gap between the transmitter and the receiver. In developments, APT has already surpassed the
power range of 1kW and reached 88% efficiency and can deliver power to an adequate 400 mm depth
for deep tissue implants. Even so, the system still can be improved in terms of efficiency. So far, APT
systems have recorded the highest system efficiency of 96.75%. In contrast, IPT is well suited for high
power transfer and to be specific electric is the primary application. In fact, several literature support
IPT application for KW or even close to MW range power transfer with an attractive 82.7%
efficiencies. However, IPT can achieve over 99% efficiencies for some specific applications.

This review suggested that the combination of APT and IPT can be beneficial in many ways, from
enhancing safety to efficiency. As such, a hybrid novel power delivering system is the future agenda
of this work.
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