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Abstract 
 

Wireless power transmission (WPT) uses a loosely coupled transformer to transmit electric energy. The resulting 
system’s transmission efficiency and distance are affected by factors such as, inductance parameter and resonance 
frequency offset. To reduce the influence of detuning on transmission efficiency, a frequency tracking method based on 
the hill-climbing algorithm was proposed in this study. The WPT model was established to depict the detuning 
mechanism and the transmission efficiency affected by natural frequency changes in the primary and secondary coils. 
Experimental data were used to prove the correctness of the theoretical analysis. Results demonstrate that the coupling 
coefficient of the two coils is proportional to the increase of the distance between the transmitting and receiving coils. 
Hence, coupling coefficient influences transmission efficiency. Another important factor is distance S, as its increase 
leads to mutual loss, which breaks the previous state of the best resonance compensation, which in turn reduces the 
transmission efficiency of WPT. When distance S increases from 10 mm to 30 mm and the system has no frequency 
tracking, the transmission efficiency decreases from 45% to 7.5%. However, when distance S increases from 10 mm to 
30 mm and the system has frequency tracking, the transmission efficiency decreases from 70% to 19.1%. When distance 
S is equidistant, the transmission efficiency is much higher with than without frequency tracking. The proposed method 
can effectively raise the transmission efficiency of the WPT system and control the cost of hardware, which optimizes 
practical engineering design. 
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1. Introduction 
 
Wireless power transmission (WPT) is a new type of electric 
energy transmission technology. By using the 
electromagnetic induction principle, the power transmission 
between the power supply system and electrical equipment 
is completed without a physical connection [1-4]. Good 
security, high reliability, and flexibility are the advantages of 
WPT. Some special applications, such as coal mining, 
implantable bio-medical systems [5-6], and internal power 
supply in the wall have utilized WPT. Thus, WPT 
technology has widespread use, and the number of 
applications in wireless power transmitted equipment is 
gradually growing. Currently, WPT technology studies have 
substantially progressed, hence, companies have engaged in 
many aspects of exploring the system design, production, 
and applications of WPT. 

In the past decade, domestic and international 
innovations on the WPT system have been fruitful. Wireless 
charging equipment increasingly changed people's daily 
lives, especially in terms of wireless mobile phone charging 
and wireless charging of an electric vehicle development.  

With the development of research and applications, the 
requirements of transmission efficiency in WPT increased; 
however, detuning destabilizes frequency, which main 
causes transmission inefficiency [7-9]. Transmission 
efficiency pertains to the phenomenon wherein the system 
matches the power equipment requirements, thereby 
conserving energy. Therefore, improving frequency stability 
is an urgent problem. 

Conventional resonate methods are mostly robust control 
ones based on hardware, which result in numerous 
disadvantages, such as complex design, expensive hardware, 
and inefficient transmission. A narrow transmission distance 
severely affects application in WPT. Accordingly, the use of 
microprocessors in software design instead of hardware 
design can effectively reduce costs and raise transmission 
efficiency. 
 Based on the above analysis, this study adopts the hill-
climbing algorithm to ensure that the system functions in the 
vicinity of resonant frequency, thereby raising the 
transmission efficiency and output power of the system. 
Moreover, this research could effectively enhance the 
transmission efficiency and control hardware cost by 
exploring the effects of natural frequency changes in 
primary and secondary coils on transmission efficiency and 
analyzing the detuning mechanism. Therefore, hill-climbing 
algorithm has great practical value and extensive 
applications in the future. 
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2. State of the art 
 
Scholars have considerably examined WPT. Studies have 
focused on frequency stability, especially with regard to its 
control. Fu Wenzhen[10] proposed the use of the phase-
locked loop method to achieve frequency automatic 
tracking, and the resulting tracking accuracy was relatively 
high. However, the tracking range was narrow, and 
frequency tracking could not be performed when the 
interference was too large. Qiang H.[11] and Sun Y.[12] 
suggested a technique that incorporated the tuning circuit in 
the launch circuit to achieve the primary side of the 
compensation capacitor with timely dynamic compensation 
when the output load changed. Consequently, the operating 
frequency was as consistent as the receiver resonant 
frequency, but such complex control method entailed costly 
hardware. Zhu C. B.[13] studied the loss of an 
electromagnetic resonance WPT system and indicated that 
under a loosely coupled condition, the system improved 
resonance quality, which could increase transmission 
efficiency of transmission; however, the influence of 
inductance parameters on transmission efficiency was not 
analyzed. Wang C. S.[14] examined equivalent circuit and 
power transmission capabilities of various topologies, but 
the model was inaccurate because of unknown parasitic 
parameters in the system. Qiang H.[15] discussed the 
optimal transmission efficiency of a WPT, but the studied 
topology was designed to be related to certain parameters, 
including load, operating frequency, and coil size. If various 
topologies were designed in the system, then the system 
would less predictable. Sample A. P.[16] proposed a new 
type of coupler topology that could produce a large coupling 
coefficient given an equal diameter to a conventional 
circular coupler; however, such typology involves increased 
complexity. Budhia M.[17] developed a simple equivalent 
circuit model of a deep-level resonant coupling system, 
explored three key factors (frequency, distance, and 
impedance matching) for determining transmission 
performance, and successfully charged a laptop to 0.7 m off 
a resonant coil. However, the charge resonant frequency was 
single, which might explain the possible detuning situation. 
Compared with the traditional inductive coupling scheme, 
the magnetic coupling resonator of WPT can more 
efficiently transmit power than the far field method, as 
proposed by Zhu C.[18], Zhen N. L.[19], Casanova J. J.[20], 
and Kim Y. H.[21]. However, fixed distance and direction 
limited their study, and the transmission efficiency rapidly 
decreased when the receiver was far from the optimum 
operating point. However, Villa J.  L.[22] presented a 
topology improvement theory without a strict alignment 
necessary to achieve a highly efficient energy delivery. Kim 
J.[23] described the addition of loop switching techniques to 
multiple loop coils at the transmitter and load side to 
improve transmission efficiency. Each ring coil should be 
individually controlled, which increased design size and 
system complexity. Ricketts[24] used a digital tuned 
capacitor, which was limited in long distance variations. 
Chen C. J.[25] applied a capacitor compensation technique 
to achieve a wide range of power transmission. However, 
this method required a complex capacitive dynamic tuning 
to maintain resonance conditions. When the wireless power 
supply system is applied as a consumer product, the changes 
of the distance between the primary and secondary coils, the 

distance, and the load are extremely random. Therefore, 
ensuring the stability of the system operating frequency 
guarantees that the system maintains maximum efficiency 
output.  

Based on the above analysis, a simple and effective 
frequency tracking method called hill-climbing algorithm is 
proposed. In addition, electromagnetic simulation software 
Maxwell is used to simulate the variation of coupling 
coefficients when distance, offset, and rotation are in 
different states. The experimental platform is established to 
simulate the coupling circuit. The influence of inductance 
parameters on the transmission efficiency is discussed. The 
changes of transmission frequency once frequency tracking 
are added into the system are also considered. By using 
experimental and theoretical means, this study aims to 
address the reduced transmission efficiency due to detuning, 
thereby benefiting engineering applications. 

The remainder of this study is organized as follows. 
Section 3 presents the hill-climbing algorithm and the 
transmission efficiency in a WPT system. Section 4 
discusses the influence of the transmission efficiency by 
changing the value of inductance parameters. This section 
also analyzes the output voltage waveform and the energy 
transmission efficiency with and without frequency tracking. 
The last section summarizes the conclusions. 
 
 
3. Methodology 
 
3.1 Theory of inductive coupling system 
The operational principle of a non-contact WPT system is 
shown in Fig. 1. 
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Fig. 1.  Principle of a contactless power transmission system 

 
A complete coupling WPT system mainly includes a 

power supply, inverter circuit, primary side compensation        
and transmitting coil, secondary side compensation and 
receiving coil, high frequency contravariant, the filter, and 
voltage regulator. 

Compared with traditional transformers, an inductive 
coupling system transports power based on the model of a 
loosely coupled transformer. Furthermore, the air magnetic 
circuit is larger between the transmitter and receiver. An air 
gap generally increases the resistance of a magnetic circuit. 
From Ohm theorem of the magnetic, most magnetomotive 
force is distributed on the air gap magnetic circuit, which 
mainly causes transport inefficiency. A substantial amount 
of reactive power is consumed by the original coil, which 
can help alter receiver power, thereby reducing system 
requirements for power by accessing the compensation 
capacitor. 
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Fig.2 (a).  Basic circuit model of a loosely coupled transformer 
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Fig.2 (b). Former vice edge decoupling of a loosely coupled transformer 
 

The Fig. 2(a) shows a basic transformer circuit. For the 
primary side, the power is 1

•

U , the current is 1

•

I , the self-
inductance is 1L , and inductance internal resistance is 1R  
(conductor resistance is ignored). For the secondary side, the 

current is 2I
•

, the self-inductance is 2L , the inductance 
internal resistance is 2R , the load resistance is

 LR , and the 
former mutual inductance is M . According to the Kirchhoff 
Voltage Law (KVL) circuit, the loop equation is established 
as follows: 

 

2 11 1 1( )j L R I j M I Uω ω
• • •

+ + =                          (1) 
 

21 2 2( ) 0Lj M I R R j L Iω ω
• •

+ + + =                   (2) 
 

The above equations are composed of two independent 
circuit equations (primary and secondary sides) connected 
by mutual inductance, which is the basic principle to analyze 
the performance of a voltage transformer. The equation 

1111 LjRZ ω+=  is the primary loop impedance; the 
equation

LRLjRZ ++= 2222 ω  is the secondary loop impedance; 
and the equation MM ωjZ = is the interaction inductive 
reactance. The aforementioned equations can be abbreviated 
as follows: 
 

2 111 1 MZ I Z I U
• • •

+ =                          (3) 
 

21 22 0MZ I Z I
• •

+ =                         (4) 
 
 The Former side decoupling:  

2

11 11
22

MZU Z I
Z

• •⎛ ⎞
= −⎜ ⎟
⎝ ⎠

                        (5) 

 
2

21 22
11 11

M MZ ZU Z I
Z Z

• •⎛ ⎞
= − −⎜ ⎟

⎝ ⎠
                          (6) 

 
3.2 Analysis of transmission efficiency 
The equivalent circuit of the transformer is shown in Fig. 
2(b). This figure indicates Equations (5) and (6), and 
Equations (7) and (8) as follows: 
 

1 1
1 2 2

11 22 11 22( )M

U UI
Z Z Y Z M Yω

• •
•

= =
− +

              (7) 

 

1 11 1
2 1 2 2

22 11 22 22 11( ) ( )
MZ j MU j MY UI I
Z Z Z M Z M Y

ω ω
ω ω

• •
• •

= − = − = −
+ +

 
           

(8) 

 
In Equation (7), the reflected impedance is 

2
22( M) Yω

22
2Y）M（ω

. 
The equivalent impedance reflects the impedance in the 
secondary circuit by the mutual inductance to the primary 
loop. The character of the reflected impedance is opposite to 

22Z , and the inductive-capacitive is transformed into 
capacitive-inductive. 

The SS capacitor compensation is operated in the 
primary and secondary sides to ensure that the system works 
with maximum transmission efficiency. The system should 
also work with zero-phase frequency in load impedance to 
reduce reactive power component and increase energy 
transmission efficiency. Hence, the primary and secondary 
loops work at the resonant frequency, and the system could 
also satisfy the equation below [26]: 

 
1L
C

ω
ω

=                                             (9) 

 
The circuit is a pure resistive circuit, and the equivalent 

circuit is shown in Fig. 3: 
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Fig. 3.  Primary and secondary sides decoupling model of the resonance 
state of the transformer 
 
 The input power on the primary side coil L1 is: 
 

2
2 1

1 1 1 2
1 2

( )P U *
( ) ( )
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R R R Mω

• • +
= =

+ +
 
            

(10) 

 
 The output power on the secondary side load R1 is: 
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 In Equation (11): 
 

2
1

2 2
1 2

( )
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ω

ω

•
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                           (12) 

 
 Transmission efficiency is: 
 

2
2

2
1 1 2 2

( ) 100%
[ ( ) ( ) ]( )

P M R
P R R R M R R

ω
η

ω
= = ×

+ + +
          (13) 

 
According to Equation (13), transmission efficiency is 

related to the resistances of the primary and secondary 
inductance, as well as the mutual inductance, the load 
resistance, and the operating frequency in the system. The 
inductance internal resistance is also connected to the wire, 
wire diameter, and working frequency. Under this 
circumstance, an equal number of coils in the primary side 
( 1 2 0R R R= = ) can be obtained. In the high-frequency 
situation, the internal resistance of the coil increases because 
of the skin effect of the conductor. Thus, multiple copper 
wires can be selected, and a coil made of a silver-plated 
copper conductor or a Liz line can be made to reduce the 
internal resistance of coil OR  to enhance power transmission 
efficiency. If OR R>> , then the transmission efficiency is 
close to 100%. Mutual inductance M is associated with the 
coil radius, turns, and magnetic core material, as well as the 
air gap thickness between the primary and secondary loops 
[27-29]. 

 
3.3 Realization of the hill-climbing algorithm 
During WPT, the system is subjected to three factors: the 
external interference, the temperature drift of the source 
capacitor, and the temperature drift of the secondary 
terminal capacitor. Hence, the resonance frequency of the 
transmitting and receiving system is changed. The main 
cause of the shift of this design’s resonance point is the gap 
between the primary and secondary coils. Therefore, with 
the realization of the maximum transmission efficiency as 
the starting point, this study analyzes the interference from 
the receiver frequency of detuning factors and suggests 
frequency tracking for maximum efficiency technology to 
raise transmission efficiency and system stability and to 
address robust resonance frequency. Thus, when the distance 
between the primary and secondary coils are changed, the 
resonant frequency would also be changed, and the system 
should be based on the output side of the receiver to adjust 
the output pulse width modulation (PWM) driving frequency 
in order to adapt to external changes and maintain maximum 
power transmission efficiency[30] . 

The principle of the hill-climbing algorithm indicates 
that a small perturbation of input disturbance mixed in the 
system can reduce output power. When a fixed amount of 
variation is allowed to control the system’s output 
frequency, estimating the power change in the load receiving 
terminal is necessary to ensure the increase or decrease of 
the output frequency in the control system. This frequency is 
then converted as a reference for the control system, and the 
process is repeated to achieve maximum load acceptance 
power. 

The hill-climbing principle is depicted in Fig.4. When 
the output load power changes, the transmission efficiency is 
also altered. If the transmitter operating frequency moves 
from operating point A to B, then fΔ  > 0 and ηΔ  > 0 and 
the frequency continues to increase along the original 
direction. If the transmitter operating frequency moves from 
operating point B to A, then fΔ  < 0 and ηΔ  < 0 and the 
frequency continues to increase along the opposite direction. 
If the transmitter operating frequency moves from operating 
point E to D, then fΔ  < 0 and ηΔ  > 0, then the frequency 
continues to decrease along the original direction. If the 
transmitter operating frequency moves from operating point 
D to E, then fΔ  > 0 and ηΔ  < 0 and the frequency 
decreases along the opposite direction. By repeating the 
above process, the best resonance point can be identified and 
the optimized output can be realized. The accuracy of the 
hill-climbing algorithm is decided by fΔ ; thus, the program 
can be conveniently directly modified. 
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Fig. 4.  Schematic of the climbing algorithm 

 
3.3.1 Hardware Design 
This system uses STM32 as the control core, establishing a 
wireless power supply system with the loosely coupled 
transformer. STM32 generates two complementary PWM 
signals (dead time 2us), and this signal could drive the H 
bridge inverter after IR2110 uplift voltage. After receiving a 
high frequency rectification filter, the LM2596 realizes the 
adjustable voltage regulation and produces outputs to the 
load. 

As shown in Fig. 5, STM32 generates two 
complementary PWM waveforms. Once the IR2110 is 
loaded to STM32, the system generates four output PWM 
waveforms, which drives the back stage H bridge circuit. R1 
indicates the small power sampling resistor using Constantan 
wire [31]. 

The real-time detection of the transmission loop’s 
current is required with the real-time detection of its 
resonant state. The commonly used current detection 
methods include the current transformer and small resistance 
sampling methods. The smaller the resonance offset, the less 
accurate the current transformer sampling of the true 
response of the resonance offset. However, the system 
cannot make an actual judgment in this state, and thus, the 
Constantan wire is selected to sample the small sinusoidal 
current waveform, and the back stage is amplified. 

As the Constantan wire is disconnected from the ground, 
the collection of the small sinusoidal signal is a differential 
signal and must be amplified by differential amplification 
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and then connected to the back stage circuit. Thus, 2R  = 3R  
and 4R  = 5R  are known by the principle of differential 

amplification. 
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Fig. 5.  Schematic of the inverter circuit of H-bridge 
 

In Fig. 6(a), after differential amplification of the signal, 
the signal is a high-frequency AC small signal without 
isolation, and AD sampling cannot be processed directly. 
Direct sampling is inaccurate and cannot truly reflect the 
current in the resonator. Fig. 6(b) demonstrates that Vo1 is 
the resonant small-current differential amplification voltage, 
which is rectified to obtain a DC voltage as the input voltage 
Vs of following the voltage. Thus, Vs varies in direct 
proportion to the detected current amplitude. Voltage 
follower has extremely high input impedance with almost no 
signal source drain current. The value of output impedance 
is extremely low, and the voltage follower has extremely 
low output impedance. To decrease internal voltage when 
the output current is backward, the voltage follower can be 
regarded as a voltage source to ensure authentic AD 
sampling[32]. The physical map of the system is shown in 
Fig. 7. 
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Fig.6 (a).  Principle of high current sampling 
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Fig.6 (b).  Diagram of the principle of high frequency small signal 
rectifier and isolation 
 

 
Fig.7.  Physical representation of the system 
 
3.3.2 Software Design 
As the system is based on hill-climbing algorithm with 
frequency tracking, it is easy to control and implement and 
allows for cost-effective hardware. However, the slight 
disturbance alters the system transmission efficiency η  to 
shift near the optimum resonance point, leading to an 
unstable state and a possible increase in the system failure 
rate. Therefore, this study proposes a method to stabilize the 
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system based on the hill-climbing algorithm. According to 
such method, when the external interference changes the 
system transmission efficiency ηΔ , that is, if aηΔ > , then 
the hill-climbing algorithm is performed, the disturbance 
parameters fΔ are added into the system, and the resonant 
frequency is changed. If aηΔ < , then the system retains the 
previously unchanged resonant frequency f , and then scans 
it every 1tΔ  time. Thus, the system makes judgments to 
adjust when greater interference occurs, and the above 
algorithm lacks rigor. Moreover, the scan results are always 

aηΔ <  when the external interference is slowly added into 
the system, and the direction of change is always the same. 
Consequently, the transmission efficiency of the system 
gradually diminishes, and thus, program designs must add 
additional correction links. The system unconditionally joins 
the maximum power point  fΔ  to reset operation every 2tΔ  
in order to adjust to the maximum power point, and the 
above process continuously repeats until the power is 
completely adjusted[33-34]. 
 
 
4 Result Analysis and Discussion 
 
4.1 Influence of inductance parameters on transmission 
efficiency 
In this experiment, PC74 ferrite core (Permeability is 2000) 
is used as a loosely coupled transformer core. The study 
discusses the factors that influence the coupling coefficient 
of the loose coupling transformer, which uses Ansoft 
Maxwell 3D software and tests inductance and mutual 
inductance values from the air gap thickness, lateral, vertical 
lateral, and rotational four aspects of the simulation. 

The simulation results of inductance and mutual 
inductance are close to the actual measured values. The 
system also uses air gap thickness d = 10 mm as the 
measurement datum. The errors are 3.01% (inductance) and 
2.42% (mutual inductance), and the reliability of simulation 
is verified by using Ansoft Maxwell 3D software. 

Fig. 8(a) depicts the results of using the Ansoft Maxwell 
3D to design a loosely coupled transformer with the same 
size as the actual model and a Y-axis as the center. The 
original secondary coil turns (23 turns) are set to simulate 
the WPT system (the number of turns with the actual 
model). Each turn wire current is 1 amp. Finally, this study 
calculates primary and mutual inductance. The magnetic 
flux density B’s vector field diagram is shown in Fig. 8(b).  

Inductance and mutual inductance are calculated under 
different conditions of air gap thickness (2, 4, 6, 8, and 10 
mm), axial deviation (2, 4, 6, 8, and 10mm) and deflection 
angles (10, 20, 30, and 40 degree). 

As shown in Fig. 9, inductance and mutual inductance 
decrease rapidly as air gap thickens, and the coupling degree 
slightly decreases, demonstrating that inductance and mutual 
inductance are sensitive to the change of air gap thickness. 
The values of inductance and mutual inductance gradually 
decrease, and the coupling degree is not evident in this 
study, which indicates that the inductance and mutual 
inductance are not sensitive to lateral and rotational changes. 
Therefore, inductance and mutual inductance are influenced 
slightly by lateral deviation and rotation. 
 

 
Fig.8 (a).  Basic model of loosely coupled transformer 
 

 
Fig.8 (b).  Vector graphic of the magnetic flux density 
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Fig.9 (a).  Influence of air gap thickness on mutual inductance 
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Fig.9 (b).  Influence of axial deviation on mutual inductance 
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Fig.9. Influence of air gap, axial deviation, and rotation on mutual 
inductance 
 
 
4.2 Analysis of the experimental results for output 
voltage and transmission efficiency in the performance of 
wireless power transmission 
A 20 V constant current output voltage source is selected as 
the DC power supply. When the values of the circuit 
parameters are similar, no frequency tracking and frequency 
tracking load output voltage curves are shown in Fig. 10(a). 
The receiver is not rectified and regulated, so the output is a 
sine wave and the peak value is up to 5 V. When the 
frequency tracking structure is added into the system, the 
load output voltage curve is shown in Fig. 10(b), and the 
peak-to-peak value is 7.5 V. Compared with each other, the 
WPT system with a frequency tracking structure output is 
more powerful. High transmission efficiency and the 
waveform are not prone to distortion, and the system is more 
stable and reliable. 
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Fig.10 (a). Output voltage waveform of load without frequency tracking 
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Fig.10 (b).  Output voltage waveform of load with frequency tracking 
 

Fig. 11 shows the power transfer efficiency with and 
the without tracking system. Experimental results 
demonstrate that when the distance S between two coupling 
coils increases, the coupling coefficient k12 is a function of 
distance S. The first experimental variable is distance S, as 
shown in the figure, as it changes the transmission efficiency 
of the system. When distance S changes from 5 mm to 40 
mm, the overall system transmission efficiency could be 
calculated. When distance S is over 40 mm, the value of 
overall efficiency decreases. 

In sum, efficiency decreases slowly when frequency 
tracking is added in the system. At this point, the main factor 
affecting the transmission efficiency is coupling coefficient. 
Another important factor is that when distance S increases, 
the mutual inductance decreases, which breaks the previous 
state of the best resonant compensation and reduces 
transmission efficiency. When S = 10mm, system 
transmission efficiency increased from 45.3% to 70.0% 
(1.39 dB). When S = 20mm, transmission efficiency 
increased from 21.8% to 38.4% (1.22 dB). Finally, when S = 
30mm, transmission efficiency increased from 7.5% to 
19.1% (1.06 dB). The experimental results are consistent 
with the simulation results, proving that the frequency 
tracking technology in this study is reliable[35-36]. 
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5. Conclusions 
 
To explore the influence of detuning on the power 
transmission efficiency in a WPT system, this study 
examined the factors that affected the transmission 
efficiency of the system by establishing a WPT model. The 
physical model of a WPT system was then proposed, and a 
combination of numerical simulation and experimental 
research was adopted to analyze the frequency instability 
caused by efficiency and detuning in a WPT system. The 
following conclusions are drawn: 

(1) In loosely coupled transformers, inductance and 
mutual inductance were affected by air gap thickness, but 
were less affected by lateral displacement and rotation. 

(2)  In comparing the absence and presence of frequency 
tracking in the load output voltage curve, when the system 
was in no frequency tracking node, the peak-to-peak value 
was 5 V; when the system was in frequency tracking node, 
the peak-to-peak value was 7.5 V. The output power of WPT 
system was higher with a frequency tracking structure, the 
waveform was not prone to distortion, and the system was 
more stable and reliable. 

(3) The coupling coefficient k12 was a function of distance 
S, such that when S increased, overall system transmission 
efficiency decreased. When the frequency tracking based on 
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the hill-climbing algorithm was added, system transmission 
efficiency decreased gradually as distance increased. 
Without tracking in the system, when distance S increased 
from 10 mm to 30 mm, then the transmission efficiency 
decreased by 83.4%. When the system was tracked, the 
transmission efficiency was reduced by 72.7%. When the 
distance was equal, the frequency tracking of the 
transmission efficiency increased. Therefore, it was effective 
for raising the transmission efficiency of the WPT system. 

Based on both experiments and theoretical analysis, this 
study proposes a frequency tracking method based on hill-
climbing algorithm, generation of a simple WPT system, 

reduction of hardware circuit costs, and production of 
conditions close to the actual situation, which has a certain 
demonstration effect on the follow-up development of the 
WPT system. However, the system has some limited 
experimental conditions, such as coil winding errors. Thus, 
future research could increase the system’s transmission 
efficiency by further optimizing software and hardware. 

 
This is an Open Access article distributed under the terms of the 
Creative Commons Attribution Licence  
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