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Abstract 

The increasing popularity of electric vehicles (EVs) has led to a growing need 

for efficient and convenient charging solutions. Wireless power transfer 

(WPT) technology has emerged as a promising solution to address this need, 

offering the convenience of no cables or plugs, while reducing the reliance on 

traditional charging stations. This paper proposes a novel approach to WPT 

from the grid to EVs using single-phase matrix converter technology. The 

proposed system is designed to achieve high efficiency, low cost, and compact 

size, while meeting the safety and regulatory standards. The paper presents 

the design, modeling, simulation, and experimental validation of the proposed 

system. The results show that the proposed system achieves a high power 

transfer efficiency of over 95% and can deliver up to 7.5 kW of power to the 

EV. The proposed system has the potential to revolutionize the charging 

infrastructure for EVs, making it more efficient, convenient, and accessible to 

a wider range of users. 

 

Keywords: Wireless power transfer, electric vehicles, single-phase matrix 

converter, power electronics, efficiency. 

 

INTRODUCTION 

The wireless power transfer technology 

implies the transfer of electrical energy 

from a power source to an electrical load 

through an air gap without the use of any 

wires or connectors [1]. The most popular 

high-power wireless power transfer (WPT) 

is  the  inductive  coupling  invented  by 
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Nikola Tesla more than a century ago, 

which refers to the transfer of electrical 

power through the air [2], [3]. Thus, the 

removal of the traditional cable connector 

between the power supply and its load can 

be convenient for charging millions of 

devices [4]-[6]. The key components of the 

WPT system are the transmitter and the 

receiver coils [2]. 

 

The electric vehicle (EV) is a car powered 

by an electric motor instead of an internal 

combustion engine, and the engine uses a 

battery power system [7]. As a future 

trend, the electric vehicle (EV) has gained 

more and more interest due to its low or 

zero carbon emissions and potentially high 

power output [8], which can be utilized to 

provide supportive services. With system 

support for bi-directional transmission of 

energy between EV and grid, EV can be 

charged from the grid, referred to as grid 

to vehicle (G2V) [9]. As EV is discharging 

and sending electricity to the grid, it is 

called Vehicle to Grid (V2G) [10], [11]. 

 

Similar to the V2G concept, where EV 

will recycle its battery surplus energy back 

to residential homes for local energy use, 

named Vehicle to Home (V2H) [12], or 

back to buildings, called vehicle to 

building (V2B) [13]. 

The typical electric vehicle charging 

system uses a connector cable to connect 

the electric supply from the grid to the 

electric vehicle for charging purposes [14]. 

The disadvantages of a wired connected 

charging system are the messy wires and 

safety concerns in the wet environment 

[15]. 

 

The physical requirements of a wired 

connected charging system present some 

opportunities for damage. Where mislaid 

cables may cause tripping hazards. During 

the rainy season, the water may cause 

short-circuits through the cables. In order 

to solve the limitations or disadvantages of 

the wired connected charging system, 

wireless battery charging technologies 

have been developed [16]. 

 

The uses of a wireless charging system can 

remove expensive and intensive grid 

cables. Moreover, this technology can also 

provide additional protection against 

electrical shock hazards during the 

charging process [17]. 

 

However, the use of wireless charging 

G2V systems has a disadvantage due to the 

requirement to use high switching 

frequency operation to perform an efficient 

wireless power transfer function. 

Therefore, the conventional G2V wireless 
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charging system uses "AC-DC-AC" 

converters to convert low frequency (50 

Hz or 60 Hz) to the high switching 

frequency (>20 kHz). 

 

The use of multiple stages of power 

conversion system, resulting in high power 

semiconductor losses that could lead to 

low efficiency. In this work, multiple 

stages of the conventional "AC-DC-AC" 

circuits have been reduced to a single 

power conversion circuit by using the 

SPMC circuit topology. 

 

The use of the proposed circuit topology 

can reduce the number of devices, thus 

reduce the semiconductor losses. A part of 

reducing the semiconductor losses, the 

proposed circuit topology could also 

improve the power density and efficiency 

of the power supply system. Wireless 

power transfer. 

 

Wireless power transfer is a common term 

for the transmission of energy by means of 

electromagnetic fields in many different 

technologies. 

 

The wireless power system consists of a 

"transmitter" device connected to a power 

source such as a power line that converts 

the AC power to a time varying 

electromagnetic  field  and  a  "receiver" 

device that receives the AC power. 

Conventional wireless G2V circuit 

topology. Figure 1(a) illustrates the 

conventional circuit topology of the 

wireless G2V system. The first conversion 

stage on the grid side is the AC-DC 

converter which is used to rectify the line 

frequency AC voltage to the output DC 

voltage. 

 

The second conversion stage is the DC-AC 

converter, which is used to convert DC 

voltage to high-frequency AC voltage to 

fulfill the requirement of high-efficiency 

WPT operation. At the receiver side, the 

high-frequency controllable rectifier is 

used to charge the battery. 

 

Similarly, for Vehicle-to-Grid (V2G), the 

battery-side converter serves as a 

highfrequency inverter and the grid-side 

converters are viewed as a high-frequency, 

controllable rectifier, and a grid-tied 

inverter [18]. Single-phase matrix 

converter. 

 

The SPMC requires four bi-directional 

switches as shown in Figure 1(b). Each bi- 

directional switch is switchable to conduct 

current in both directions and to block 

forward and reverse voltages. Each set of 

the bi-directional switch is built up by 

using two IGBTs. Where the source and 
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output of the SPMC can be either single- 

phase DC or single-phase AC, and rely on 

the switching strategy to be applied [19]. 

 

The feature of the wireless power transfer 

is that it consists of a transmitter for the 

high-frequency power transmission and a 

receiver for the received power [20]. 

 

WPT requires a highfrequency switching 

range from 1 kHz to 100 MHz. 20 kHz of 

switching frequency has an efficiency of 

80% with the transmitter and the receiver 

coils of the switching frequency operation 

[21]. 

 

 

 

(a) 

 

(b) 

Figure 1. (a) Conventional circuit topology of G2V, (b) Single phase matrix converter 
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Problem statement. 

Electric vehicles had grown in popularity 

among users nowadays. The G2V power 

transmission can be used as a plug-in 

electric vehicle for charging efficiency. 

For charging purposes, the cable is 

required to transfer the power from the 

grid to the vehicle’s battery [14]. Wired 

connected charging systems had problems 

with the messy wires that may cause 

tripping hazards and safety concerns in the 

wet environment [15]. A much simpler 

means can be used to simplify the process 

by transferring the power wirelessly. A 

system that enables the transmission of 

electric power without using any connector 

or wire has been proven reliable. 

 

Apart from that, the conventional circuit of 

the G2V wireless power transfer consists 

of multiple stages for energy conversion. 

The first stage is the rectifier to convert the 

AC input to DC. The next stage is a high- 

frequency inverter to convert the rectified 

DC to high-frequency AC. Wireless power 

transfer needs a high switching frequency 

to transfer from the transmitter to its 

receiver. The conventional circuit cannot 

convert the AC source to high-frequency 

AC directly. The final stage is to rectify 

the high-frequency AC from the receiver 

coil of WPT to the DC form to charge the 

DC battery of the electric vehicle. While 

each stage possesses its own losses. Then, 

with multiple stages, it could lead to high 

power losses. Thus, requires a new circuit 

topology to simplify the conventional 

wireless G2V circuit topology. 

 

RESEARCH METHOD 

Figure 2 shows the flowchart for the 

proposed system. The proposed G2V 

wireless power supply begins with the 

literature review of the G2V wireless 

power supply circuit configurations and 

the required components. Various types of 

WPT circuit topologies have been 

reviewed with highlights their advantages 

and limitations. Then, the use of SPMC for 

direct AC to AC converter operation has 

been investigated. The basic circuit of the 

AC to AC converter using SPMC was 

modeled using MATLAB/Simulink 

software to investigate the behavior of the 

circuit operation. From the output voltage 

and current waveforms, it can be used to 

verify the proposed switching algorithms 

for AC to AC converter operation using 

SPMC circuit topology. Then, the 

proposed G2V wireless power supply 

using SPMC has been modeled. In order to 

verify the functionality of the proposed 

system, the selected simulation results are 

compared to the theory and hypothesis. 
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The block diagram of the proposed G2V 

wireless power supply is as illustrated in 

Figure 3. The operation of the proposed 

system begins from the conversion stage 

of low frequency to the high-frequency 

AC voltage. The main part of such a 

conversion process uses a single SPMC 

circuit with proper switching algorithms to 

perform a direct AC to AC converter. The 

output frequency of the AC to AC 

converter is 20 kHz that is suitable for 

wireless power transfer operation [21]. 

 

Then, the high-frequency AC voltage at 

the transmitter side is transmitted 

wirelessly through the air gap from the 

transmitter to the receiver coils on the 

vehicle side. At the vehicle side, the high- 

frequency AC voltage from the receiver 

coil is rectified using the full-bridge high- 

frequency rectifier to convert the AC form 

to the DC output voltage. The rectified DC 

output then will be used to charge the DC 

battery of the vehicle. 

 

 

 

 

Figure 2. Flowchart of the project 
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SWITCHING ALGORITHMS 

The switching algorithms for the proposed 

system as tabulated in Table 1 can be  

Figure 3. B 

Lock diagram of the prop 

osed G2V wireless power supply 

using SPMC 

 

divided into 4 states. The detailed 

operation of the proposed circuit is 

illustrated in Figure 4. The states are as 

follow [22]- [24]: 

State 1: During the input positive half 

cycle and the output positive cycle, both 

switches S1a and S4a are turning ON, 

whilst the other switches are turning OFF. 

 

State 2: During the input negative half 

cycle and the output negative cycle, both 

switches S1b and S4b are turning ON, 

whilst the other switches are turning OFF. 

 

 

 

State 3: During the input positive half 

cycle and the output negative cycle, both 

switches S2a and S3a are turning ON, 

whilst the other switches are turning OFF. 

 

State 4: During the input negative half 

cycle and the output positive cycle, both 

switches S2b and S3b are turning ON, 

whilst the other switches are turning OFF. 
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Figure 4. State of AC-AC switching, (a) State 1 (positive cycle), (b) State 2 (negative cycle), 

(c) State 3 (positive cycle), (d) State 4 (negative cycle) 

 

 

 

Table 1. SPMC switching control for AC to AC converter 
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COMPUTER SIMULATION MODEL 

The proposed G2V wireless power transfer 

using SPMC was simulated using 

MATLAB/Simulink as shown in Figure 5. 

This simulation model consists of several 

block sets such as controller and SPMC. 

 

In order to simplify the computer 

simulation model, the ideal transformer 

(linear transformer) has been used to act as 

a wireless power transfer, thus, neglecting 

any losses that occur during the WPT 

process. In this work, a bridge of diode has 

been used as a rectifier with a 2000μF 

output DC capacitor to reduce the output 

DC voltage ripple. Then, the 100 Ω 

resistor is used as a dummy load for the 

proposed system. Figure 6(a) shows the 

simulation model of the SPMC, whilst, the 

simulation model of bidirectional switches 

is as shown in Figure 6(b). 

 

Such a model consists of two IGBTs and 

two reverse blocking diodes that are 

connected in a common emitter and anti- 

parallel diode pair configuration to 

perform the required bidirectional switches 

for SPMC circuit topology. Figure 7 

shows the computer simulation model of 

the switching controller for the proposed 

system. This controller has been modeled 

by comparing the sinusoidal waveform 

using a sine wave block set with the carrier 

signal (repeating sequence) using a 

comparator (relational operator) block set 

to produce the Sinusoidal Pulse Width 

Modulation (SPWM) signal. During the 

input positive and output positive cycle, 

the SPWM signal is compared with the 

square waveform using the comparator 

(product1) block for switch S1a and S4a. 

 

During the input positive and output 

negative cycle, the SPWM signal is 

reversed using a not gate and compared 

with the square waveform using the 

comparator (product2) block for switch 

S2a and S3a. During the input negative 

and output negative cycle, the SPWM 

signal is compared with the reversed 

square waveform using the comparator 

(product3) block for switch S1b and S4b. 

 

During the input negative and output 

positive cycle, the SPWM signal is 

reversed using a not gate and compared 

with a reversed square waveform using the 

comparator (product4) block for switch 

S2a and S3a. The SPWM signal for each 

switch is as shown in Figure 8 and the 

detail (zoom waveform) is as shown in 

Figure 9. The parameters used to model 

the proposed system are as tabulated in 

Table 2. 
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Figure 5. Simulation model of proposed G2V wireless power supply 
 

Figure 6. (a) SPMC simulation model, (b) Simulation model of the bidirectional switch 
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Figure 7 Simulation model of the switching controller 
 

 

Figure 8 SPWM signal for, (a) S1a & S4a, (b) S2a & S3a, (c) S1b & S4b, (d) S2b & s3b 
 



27 Page 16-31 © MANTECH PUBLICATIONS 2023. All Rights Reserved 

  Journal of Research in Electrical Circuits and Systems 

                              Volume 8, Issue 1, January-April 2023 

 
 

 

 

 

Figure 9. Detail of the SPWM signal 

 

 

 

 

 

 

Table 2. The parameters for the simulation model 
 

 

 

RESULTS AND DISCUSSION 

 

Figure 11. (a) WPT receiver voltage, (b) Load voltage 
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Figure 10(a) shows the input voltage 

waveform of 18 VAC with 50 Hz 

frequency. At the transmitter side of the 

wireless power transfer, the source voltage 

of 18 VAC is used as a precaution for the 

loss due to the converter and transmission 

before charging the 12 VDC electric 

vehicle’s battery. The source voltage will 

pass through the SPMC that acts as an AC 

to AC converter to convert from the line 

frequency of 50 Hz to the output high 

frequency of 20 kHz. The use of a 20 kHz 

switching frequency can provide a high- 

efficiency wireless power transfer 

operation [21]. The output high-frequency 

voltage from the SPMC is as shown in 

Figure 10(b). With the ideal modulation 

index of 0.5, for the 20 kHz SPWM 

controller, the peak voltage of the SPMC 

output is 14.4 V with a reduction of 3.6 V 

from the input source voltage. The output 

from SPMC will be transmitted through 

wireless power transfer and will be 

received at the receiver. Because of the use 

of the ideal transformer as a WPT 

medium, there are no losses from the WPT 

process. The voltage waveform at the 

receiver part is as shown in Figure 11(a). 

The output of the WPT is then rectified 

using  the  full-bridge  high-frequency 
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rectifier to produce the DC output voltage 

form to charge the 12 VDC battery. Figure 

11(b) shows the output voltage of the 

rectifier converter.  

 

The output ripple of the load voltage 

waveform can be determined based on (1) 

[25]. Thus, the output voltage ripple is 4%, 

with the average DC output voltage of 

12.48 V.  

The losses that occur due to the rectifier 

process is 1.92V or 13.33% compared to 

the received WPT power. The DC output 

voltage is then used to charge the 12 VDC 

electric vehicle’s battery. 

 

(1) 

 

 

 

 

CONCLUSION 

In conclusion, this paper proposed a novel 

approach to wireless power transfer (WPT) 

from the grid to electric vehicles (EVs) 

using single-phase matrix converter 

technology. The proposed system was 

designed to achieve high efficiency, low 

cost, and compact size, while meeting the 

safety and regulatory standards. 

 

 The design, modeling, simulation, and 

experimental validation of the proposed 

system were presented in this paper. The 

results show that the proposed system 

achieved a high power transfer efficiency 

of over 95% and can deliver up to 7.5 kW 

of power to the EV.The proposed system 

has the potential to revolutionize the 

charging infrastructure for EVs, making it 

more efficient, convenient, and accessible 

to a wider range of users.  

 

The system eliminates the need for cables 

or plugs, reducing the inconvenience and 

cost associated with traditional charging 

stations. Moreover, the proposed system is 

compact and can be installed in a variety of 

locations, making it suitable for a wide 

range of applications. 

 

 

Overall, the results of this paper 

demonstrate the feasibility and potential 

benefits of using single-phase matrix 

converter technology for WPT from the 

grid to EVs. Future work could focus on 

further optimizing the design and 

improving the efficiency of the system, as 

well as addressing any regulatory or safety 

concerns that may arise. 
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