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Abstract- Wireless power transfer (WPT) systems have gained 

significant attention due to their ability to power electronic 

devices without the need for physical connections. However, 

the performance of WPT systems is often hindered by various 

factors such as environmental interference, dynamic operating 

conditions, and hardware limitations. Artificial Intelligence 

(AI) techniques, particularly machine learning algorithms, 

offer promising solutions to address these challenges and 

optimize the efficiency and reliability of WPT systems. This 

abstract explores the potential applications of AI in WPT 

systems, focusing on areas such as adaptive beamforming, 

channel modeling, impedance matching, and system control. It 

discusses how AI can be leveraged to enhance the overall 

performance of WPT systems by enabling real-time adaptation 

to changing conditions, predictive maintenance, and 

intelligent power management. Additionally, the abstract 

highlights the challenges and future research directions in 

integrating AI into WPT systems, including data acquisition, 

computational complexity, and safety considerations. Overall, 

the abstract aims to provide insights into the synergistic 

integration of AI and WPT technologies, paving the way for 

more efficient and robust wireless power solutions. 

 

I. INTRODUCTION 

 

 Wireless power transfer (WPT) systems are 

technologies that enable the transmission of electrical energy 

from a power source to an electrical load without the use of 

wired connections. These systems rely on the principles of 

electromagnetic induction or electromagnetic radiation to 

transfer power across an air gap or vacuum. WPT systems 

have gained significant attention due to their potential to 

eliminate the need for physical connections, thereby providing 

greater convenience, mobility, and flexibility in various 

applications. 

 

The fundamental concept of WPT systems is based 

on the conversion of electrical energy into an electromagnetic 

field at the transmitter side, and then capturing and converting 

that electromagnetic field back into electrical energy at the 

receiver side. There are two main categories of WPT systems: 

Near-field WPT systems: 

 

These systems utilize the principle of electromagnetic 

induction, where a time-varying magnetic field is generated by 

an alternating current flowing through a transmitter coil. 

 

The magnetic field induces a voltage in a nearby 

receiver coil, allowing the transfer of electrical energy. 

 

Near-field WPT systems typically operate over short 

distances, usually up to a few times the diameter of the coils 

involved. 

 

Examples include inductive charging for consumer 

electronics (smartphones, tablets, etc.), electric vehicle 

charging, and biomedical implants. 

 

Far-field WPT systems: 

 

These systems employ electromagnetic radiation, 

such as microwaves or lasers, to transfer power over longer 

distances. 

 

The transmitter converts electrical energy into 

electromagnetic waves, which propagate through space and 

are received by a rectifying antenna (rectenna) at the receiver 

side. 

 

The rectenna converts the received electromagnetic 

waves back into electrical energy. 

 

Far-field WPT systems can operate over distances 

ranging from meters to kilometers, depending on the 

frequency and power levels used. 

 

Applications include wireless power transmission for 

unmanned aerial vehicles (UAVs), space-based solar power 
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systems, and wireless charging of sensors or devices in remote 

or inaccessible locations. 

 

WPT systems offer several advantages, including 

increased mobility and flexibility, elimination of wire clutter, 

and the ability to power devices in hazardous or hard-to-reach 

environments. However, they also face challenges related to 

efficiency, safety concerns (e.g., exposure to electromagnetic 

fields), and regulatory limitations on the use of certain 

frequencies and power levels. 

 

Research efforts in WPT systems focus on improving 

efficiency, increasing transmission distance, developing new 

materials and designs for improved energy transfer, and 

addressing safety and regulatory concerns. As technology 

advances, WPT systems are expected to find wider 

applications in various industries, including consumer 

electronics, transportation, healthcare, and industrial 

automation. 

 

Data collection and source 

 

Wireless power transfer (WPT) systems enable the 

transmission of electrical energy from a power source to an 

electrical load without the use of wired connections. The data 

collection and sources for WPT systems can vary depending 

on the specific application and the technology used. Here are 

some common data collection methods and sources for WPT 

systems: 

 

Experimental data: 

 

Laboratory measurements: Researchers and engineers 

conduct experiments to collect data on various aspects of WPT 

systems, such as efficiency, power transfer distance, alignment 

sensitivity, and electromagnetic field patterns. 

 

Prototype testing: Data is collected from testing prototypes of 

WPT systems under different operating conditions and 

scenarios. 

 

• Simulation and modeling: 

 

Computational electromagnetics simulations: Numerical 

modeling techniques, such as finite element method (FEM) 

and method of moments (MoM), are used to simulate and 

analyze the electromagnetic field behavior and performance of 

WPT systems. 

 

Circuit simulations: Electrical circuit simulations are 

performed to study the behavior of the power electronics 

components and control systems used in WPT systems. 

• Theoretical analysis: 

 

Electromagnetic theory: Principles of electromagnetic 

theory, including Maxwell's equations, are applied to derive 

analytical models and equations for WPT systems. 

 

Circuit theory: Electrical circuit theory is used to analyze and 

design the power electronic circuits and control systems in 

WPT systems. 

 

• Published literature: 

 

Academic journals: Scientific journals, such as IEEE 

Transactions on Power Electronics, IEEE Transactions on 

Industrial Electronics, and IEEE Transactions on Antennas 

and Propagation, publish research papers and articles related 

to WPT systems. 

 

Conference proceedings: Conferences like the IEEE Wireless 

Power Transfer Conference (WPTC) and the IEEE 

International Symposium on Antennas and Propagation (APS) 

provide a platform for researchers to present and publish their 

work on WPT systems. 

 

• Industry standards and guidelines: 

 

Regulatory bodies, such as the Federal Communications 

Commission (FCC) in the United States and the International 

Electrotechnical Commission (IEC), provide guidelines and 

standards for the safe and efficient operation of WPT systems. 

Industry associations, like the Wireless Power Consortium 

(WPC) and the AirFuel Alliance, develop and promote 

standards for specific WPT technologies, such as inductive 

charging and resonant charging. 

 

• Manufacturer data: 

 

Datasheets and application notes from component 

manufacturers (e.g., semiconductor companies, coil 

manufacturers) provide information on the performance and 

characteristics of the components used in WPT systems. 

 

Technical reports and white papers from companies 

developing WPT systems and products can serve as valuable 

data sources. 

 

The data collected from these various sources is used 

to design, optimize, and improve the performance, efficiency, 

and safety of WPT systems for various applications, such as 

consumer electronics charging, electric vehicle charging, and 

industrial wireless power transfer. 
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II. CONCLUSION 

 

In conclusion, wireless power transfer systems offer a 

convenient and flexible way to power electronic devices 

without the need for cumbersome wiring or frequent manual 

recharging. By utilizing electromagnetic induction or 

electromagnetic radiation, these systems can transmit power 

through the air over short to medium ranges. 

 

Inductive coupling is well-suited for short-range 

applications like charging phones, electric toothbrushes, and 

medical implants. While the distance is limited, it provides 

efficient and safe power transfer. Resonant inductive coupling 

extends the range somewhat while still maintaining high 

efficiency levels. 

 

For longer ranges up to several meters, radiative or 

far-field techniques like microwave or laser radiation can be 

employed, though they tend to be less efficient. Rectennas are 

used to convert the transmitted electromagnetic waves into DC 

power. 

 

Significant research is ongoing to improve the range, 

efficiency, and safety of wireless power transmission. 

Emerging areas like simultaneous wireless information and 

power transfer (SWIPT) could enable self-charging sensor 

networks. As the technology matures, wireless charging will 

likely see wider adoption for powering our ubiquitous 

electronics. 

 

Overall, wireless power transfer provides a modern, 

cable-free solution to keep our devices operating convenitely 

without being tethered to cords and chargers. As power 

demands and mobility increase, these systems have the 

potential to untether our electronics fully. 
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