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Abstract — This paper presents a high power and high quality AC-DC converter for wireless power transfer (WPT) function. 
Based on the active power filter technique, the supply current waveform is forced to follow the desired reference signal, which is 
shaped to be continuous, sinusoidal and in phase with the supply voltage waveform. As a consequence, a low total harmonic 
distortion (THD) level can be achieved, with almost unity power factor, resulting in high quality power conversion system. This is 
performed by active power filter using the rectifier boost technique, which is piloted by a current control loop (CCL). Consisting of 
a subtraction circuit, proportional-integrator (PI) controller and comparator circuit, the CCL is carefully designed to enable the 
power factor corrector (PFC) function in the AC-DC converter. The half-bridge inverter that is driven by two power MOSFET is 
used to generate high-frequency alternating current (AC). Since both the transmitter and receiver coils, transmits and receives an 
AC voltage, respectively a high frequency full-wave diode-bridge rectifier is used to rectify the voltage into dc form to supply the dc 
loads. A proof-of-concept simulation model based on MATLAB/Simulink operating at 10kHz switching frequency is modelled and 
its performance is investigated. The selected simulation results are presented to verify the proposed converter.  
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I. INTRODUCTION 

Nowadays, in line with increasing interest in WPT 
technology, many researchers focuses on developing various 
methods to enhance the WPT systems such as power transfer 
distance and efficiency [1] - [8] in order to improve their 
overall performance. A very important aspect of the system 
that need to be given a special focus is on designing the 
complete power converter for the WPT systems from an AC 
source.  

Conventional ac to dc converters, either in full-wave or 
half-wave operation, in emerging technologies such as WPT 
applications, are often inefficient due to the high THD level 
with low power factor. As a result, the amount of the output 
power would be reduced [9].  

In order to solve the conventional AC-DC converters 
problems, an alternative method such as Class E resonant 
AC-DC converters that are known to operate efficiently at 
high resonant frequencies and at large input voltages, has 
been proposed. With a continuous, near sinusoidal supply 
current, which is in-phase with the supply voltage waveform, 
such method will lead to an improved overall system 
performance and increased efficiency, especially that of the 
transmitting coil driver. However, the use of class-E rectifier, 
requires the large inductance for the low-pass filter. In 
addition, the diode reverse voltage in the class-E rectifier is 
several times higher than the output voltage. As a result, 
these disadvantages may lead to the large size of the circuit 
configuration, hence, a high implementation cost [10]. 
Another drawback of the Class E converters is that their 

normal operation at open-loop has no feedback control to 
coordinate the precise soft switching operation [11].  

This paper proposes to implement a high power quality 
AC-DC converter with WPT function. Here, an AC-DC 
converter with rectifier boost technique for power factor 
correction is developed for WPT systems to improve their 
performance and increase their overall system efficiency. 
Based on the well-established AC-DC converter with 
rectifier boost technique circuit configuration in [12] and 
[13], and WPT system in [14], this paper extends and 
enhances the work by integrating both circuit configurations 
to provide a more comprehensive power electronics 
converters for WPT systems.  

The paper is organized as follows. In Section II, the 
topology and operating principle of the AC-DC converter 
circuit to perform power factor correction will be introduced. 
The operating principle of the proposed high power quality 
AC-DC converter for WPT function will be explicitly 
described with the aid of corresponding timing and 
equivalent circuit diagrams. The CCL to drive active power 
switch to control the charging and discharging times of the 
boost inductor for power factor correction will be 
analytically investigated and presented. Then, the computer 
simulation model will be presented in Section III. 
Afterwards, the computer simulation results will be 
presented and discussed in Section IV. Section V gives the 
conclusions of the paper.  
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II. CIRCUIT TOPOLOGY AND OPERATING PRINCIPLE 

In this section, a high power quality ac to dc power 
converter with WPT function is presented as given in Figure 
1. The advantageous features of this proposed converter 
include almost unity input power factor and low total 
harmonics distortion level hence, increase the overall 
performance of the proposed power converter system.  
 

 
-Figure 1. The proposed high power quality AC-DC converter for WPT 

applications. 
 
The principle operation of overall system for high power 

quality ac to dc converter with WPT function can be 
summarized into four key steps as follows: 

 
 The ac supply voltage is converted to the dc form 

using a full-wave diode-bridge rectifier. At this stage, a 
power factor corrector using rectifier boost technique is used 
to correct the highly distorted supply current waveform and 
result in a low input power factor drawn by diode-bridge 
rectifier and dc capacitor filter. In addition, the distorted 
supply current waveform as shown in Figure 2 has a rich 
high order harmonic content. This could lead to the emission 
of electromagnetic interference (EMI) that affects the 
operation of neighbouring system. By incorporating active 
power filter with the front-end ac to dc converter, efficient 
operation can be achieved, leading to a continuous, near 
sinusoidal supply current waveform with low total harmonic 
distortion level as shown in Figure 3. The principle of 
operation of ac to dc converter incorporating active power 
filter configurations that have been analyzed are summarized 
in [12] and [13] and the references therein. 

 
 The output dc line voltage of the front-end ac to dc 

converter is then converted into the high-frequency ac form 
using a high frequency half-bridge inverter. The high-
frequency ac square-wave output voltage waveform as 
shown in Figure 4, is then sent to the transmitter coil. 

 
 The square-wave ac current which is flowing 

through the transmitter coil induces a magnetic field which 

extends to the receiver coil. The magnetic field then 
generates a current, which flows through the receiving coil. 

 
 The ac current flowing through the receiver coil is 

converted back into dc form by the high-frequency full-wave 
diode bridge rectifier, which can then be used to power the 
dc load or device. The detail principle operation of WPT 
system have been researched and summarized in [14]. 

 

Figure 1.  The distorted supply current waveform 

Figure 2.  The sinusoidal supply current and voltage waveforms 
of the front-end AC-DC converter with WPT function.  

III. COMPUTER MODELING 

 
MATLAB/Simulink circuit simulation software is used 

in this work to verify the system design. The simulated ac to 
dc converter incorporating the closed current control loop, 
high-frequency half-bridge inverter and WPT system are 
illustrated in Figure 5. Figure 6 shows the closed current 
control loop to perform as a power factor correction circuit. 
Table I shows parameters used in the modelling of the 
proposed converter. The chosen parameters are based on 
[12], [13] and [14] in order to investigate the behaviour of 
the proposed converter and for comparison purposes. Here, a 
rectifier boost technique is used to shape the distorted ac 
supply current drawn by the rectifier to be continuous, near 
sinusoidal and in phase with the ac supply voltage [15]. The 
proposed closed loop current controller consists of a 
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subtraction block set, proportional integral block set, 
comparator block set and carrier signal block set. The step 
response to control the reference signal is shown in Figure 7. 
 

Figure 3.  The output DC voltage waveform of front-end AC-DC 
converter, the high-side and low-side PWM waveform and the square-wave 

output voltage waveform  

Figure 4.  The top main model of high power quality AC-DC converter for 
WPT function  

Figure 5.  The elements of current control loop  

 

Figure 6.  The step response control of reference signal 

TABLE I.  COMPUTER MODELING SCALE SIMULATION SYSTEM 
PARAMETERS  

System Parameters Values 

Supply voltage 40Vrms 

Active power filter switching frequency 10kHz 

Proportional controller gain 20 

Integral controller gain 180 

Half-bridge inverter switching frequency 20kHz 

Transmitter and receiver coils inductance 24µH 

Compensation capacitor 24µH 

Maximum Quality Factor, Q 80 

IV. RESULTS AND DISCUSSION 

 
It can be seen that the typical converter without any filter 

function results in distorted supply current waveform as 
shown in Figure 8 with high THD level of 329.93%. The 
waveform is discontinuous with low power factor. The use 
of active power filter with rectifier boost technique shaping 
the discontinuous supply current waveform to become 
continuous, sinusoidal and in phase with the supply voltage 
waveform as illustrated in Figure 9. With the proposed 
compensation technique, the supply current waveform will 
follow the sinusoidal reference current waveform as shown 
in Figure 10. Hence, the THD level is reduced to 2.85%. 
Figure 11 shows the high frequency output voltage 
waveform of half-bridge inverter which is fed to the 
transmitter coil of WPT system, whilst Figure 12 shows the 
dc output voltage waveform for the proposed converter. 
Figure 13 and Figure 14 show the comparison results of the 
THD spectrum without any filter function and with the 
proposed compensation technique against the IEEE519 
Standard respectively. By inclusion of the proposed 
compensation technique, the THD spectrum has been 
reduced well below the acceptable limit that was defined by 
IEEE519 Standard. As a result, the proposed converter will 
comply with the standard. Again, to verify the effectiveness 
of the proposed active power filter, a ±1A step response is 
used with varied value of the reference current. As clearly 
shown in Figure 15 and Figure 16, the supply current will 
follow the step change of the reference current for both 
during the reference values increased and decreased. 
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Figure 7.  The distorted supply current waveform without any 
compensation filter 

Figure 8.  The supply current and voltage waveforms using active power 
filter with rectifier boost technique  

Figure 9.  The supply current  and reference current waveforms using 
active power filter with rectifier boost technique 

 

Figure 10.  The output voltage waveform for controlled half-bridge inverter 

Figure 11.  The output DC voltage waveform 

 

Figure 12.  The THD comparison of the distorted supply current waveform 
with IEEE519 Std 

 

Figure 13.  The THD comparison of the supply current waveform after 
compensation with IEEE519 Std 

 

Figure 14.  The step response of the supply current waveform with the 
reference current for IA step at 0.08 Iref increase 
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Figure 15.  The step response of the supply current waveform with the 
reference current for IA step at 0.08 Iref decrease 

V. CONCLUSION 
 
A 10-kHz high power quality ac to dc converter for WPT 

system is demonstrated. With the use of rectifier boost 
technique, the converter is able to perform the function of 
WPT configuration by maintaining the high power factor 
operation and low THD level at the front-end of proposed 
converter. The simulation results prove that the proposed 
converter is able to achieve a high PF (PF > 0.997) and a low 
total harmonic distortion (THD) level of 2.85% for the 
supply current waveform. The distinctive features of this 
converter are favourable for future wireless dc power supply 
operating in the high power factor and low THD level. 
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