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Abstract: In this paper, we present the design and evaluation of a software-based wireless 

power transfer platform that enables the development of a prototype involving various 

open- and closed-loop power control functions. Our platform is based on a loosely coupled 

planar wireless power transfer circuit that uses a class-E power amplifier. In conjunction 

with this circuit, we implement flexible control functions using a National Instruments 

Data Acquisition (NI DAQ) board and algorithms in the MATLAB/Simulink. To verify the 

effectiveness of our platform, we conduct two types of power-control experiments:  

a no-load or metal detection using open-loop power control, and an output voltage 

regulation for different receiver positions using closed-loop power control. The use of the 

MATLAB/Simulink software as a part of the planar wireless power transfer platform for 

power control experiments is shown to serve as a useful and inexpensive alternative to 

conventional hardware-based platforms. 

Keywords: wireless power transfer; class-E power amplifier; software-based platform; 

open-loop power control; closed-loop power control 
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1. Introduction 

In recent years, planar wireless power transfer has attracted significant attention [1–3]. In particular, 

the widespread usage of mobile devices such as smart phones and tablet computers has led to the need 

for planar wireless power transfer. Recently, several standards organizations such as the Wireless 

Power Consortium (WPC), the Alliance for Wireless Power (A4WP), and the Power Matters Alliance 

(PMA) have been developing de facto standards for smartphone wireless charging. For example,  

WPC released the Qi standard in 2011 [4]. Also, there are various research results about applying 

wireless power transfer to traditional communication [5]. For example, in [6], the combination of 

information transfer and power transfer was proposed.  

One of the important issues to be addressed in the design of various planar wireless power transfer 

systems is the occurrence of power fluctuation, which is caused by coupling and loading variations. 

Because of these power fluctuations, excessive power could be transmitted to accommodate all 

receivers’ charging conditions, substantially reducing the overall power efficiency, while imposing 

potential safety concerns. Power control in the field of wireless power transfer can be realized using 

two different methods: open- and closed-loop power controls. First, wireless power transfer systems 

should address several safety issues by employing an open-loop power control. For example,  

a wireless power transfer system should not turn on its transmitter when no load exists. Further,  

it should not heat up metal objects placed on or near the charging surface [7]. Next, it is necessary to 

stabilize the received power over a wide range of coupling and loading variations using the open- and  

closed-loop power control [8–10]. In general, the closed-loop power control monitors power-level 

variations in the receiver and transmits this data to the transmitter controller via a communication link. 

After receiving the power-level data, the controller can vary the supply voltage of the power  

amplifier [11,12] or change the resonant capacitor value to detune the transmitter coil [13].  

The transmitter should change its transmitted power such that the received power remains slightly 

above the minimum level to maintain the receiver operation [14]. 

To date, there have been various studies on the implementation of power control functions for 

wireless power transfer. For example, in [15], authors developed a power control scheme using only 

analog feedback circuits. In [11,12], a custom application-specific integrated circuit (ASIC) was 

developed for wireless power transfer. In [7–10], a commercial microcontroller-based power control 

method was proposed. In [14,16], closed-loop power control was implemented using a commercial  

off-the-shelf (COTS) chipset. However, the implementation and verification of their power control 

functions are slightly time consuming, mainly because the development of new hardware for the  

real-time evaluation of a new power control requires much effort [17]. For example, software 

algorithms should be implemented on newly developed hardware using a microcontroller-dependent 

programming language or a hardware description language such as Verilog [18]. Fortunately, recent 

performance improvements of personal computers (PCs) and commercial simulation software have led 

to the development of software-based platforms that are capable of executing various algorithms, 

mostly under real-time conditions [19]. In this paper, we present the design and evaluation of a 

software-based wireless power transfer platform that allows us to perform flexible open- and  

closed-loop power control experiments. The proposed platform is based on a loosely coupled planar 

wireless power transfer circuit that uses a class-E power amplifier. The underlying power control 
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function is implemented using an NI DAQ (National Instruments Data Acquisition) and algorithms in 

the MATLAB/Simulink software package. As opposed to the conventional hardware-based platform, 

implementation with MATLAB/Simulink software facilitates the modification of power control 

algorithms, avoiding a long and costly process for the development of separate control hardware.  

In fact, the use of MATLAB/Simulink software as a part of the planar wireless power transfer system 

for power control experiments serves as a useful and inexpensive alternative to the conventional 

hardware-based platform. 

2. Proposed System Architecture 

The block diagram in Figure 1 illustrates the proposed software-based wireless power transfer 

platform for various power control experiments. The proposed platform is divided into two different 

parts. The upper circuit part is a loosely coupled planar wireless power transfer circuit constructed 

using the class-E power amplifier via inductive coupling. First, the class-E switching-mode power 

amplifier is followed by a transmitter coil. The class-E amplifier is selected over the popular class-D 

amplifier due to its simplicity and high efficiency operation [20]. However, the class-D amplifier also 

can be used in our platform and there is no limitation on the selection of another type of power 

amplifier. The transmitter coil is in turn inductively coupled to the receiver coil. Finally, a full bridge 

rectifier is adopted to convert AC power to DC. The lower control part consists of a PC,  

an NI DAQ-6008 Digital-to-Analog Converter/Analog-to-Digital Converter (DAC/ADC) board,  

a designed DC–DC buck converter, and control programs that are implemented in MATLAB/Simulink. 

To monitor the transmitter and receiver status, the control part uses three sensors. With this sensing 

information, the power control algorithm controls the class-E power amplifier through a DC–DC 

converter via the DAC of the NI DAQ-6008 board. 

 

Figure 1. Overall block diagram of software-based wireless power transfer platform for 

power control experiments. 

2.1. Circuit Part Design  

Figure 2 shows a schematic of the fabricated wireless power transfer circuit, which mainly consists 

of a class-E power amplifier, a transmitter and receiver coil pair, and a full bridge rectifier 

implemented using Schottky diodes. The inverter is a class-E power amplifier that uses an inexpensive 
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IRF510 power MOSFET (International Rectifier Co. Ltd., El Segundo, CA, USA) driven by a  

low-power clock at 240 kHz. The class-E power amplifier drives the transmitter coil L1. The induced 

voltage at L2 is amplified by the resonant tank L2-Crx. Rectification is achieved via four Schottky 

diodes and a charging storage capacitor CL. To achieve the optimum performance, component values 

of Lchoke, Cshunt, Lout, Cout, Ctx, and Crx are selected using the general design rules presented in [21]. In a 

coil pair, we used an impedance transformation network as shown in the red dotted box in Figure 2. 

The purpose of impedance transformation networks on the primary and secondary sides of the 

coupling is to achieve maximum power transfer and maximum efficiency by operating within the 

optimum impedance range [21]. From the four well-known topologies of impedance transformation  

networks [20], we chose the series-parallel topology such as the red-dotted box in Figure 2, because 

the series topology of the transmitter coil can share the output series capacitor of the class-E power 

amplifier while the parallel topology of the receiver part can alleviate the load variations of the 

receiver. The transmitter and receiver coils are constructed by hand using 100-strand #40 Litz wire to 

reduce the resistive losses due to proximity and skin effects. To ensure uniform power delivery to 

devices regardless of position, the transmitter coil has a spiral structure to maintain a uniform magnetic 

field, while the receiver coil has a loop structure to realize the maximum receive power. While it would 

be ideal for the coil pair to be the same size to ensure maximum coupling, our system uses a receiver coil 

that is significantly smaller than the transmitter coil. This allows the user to freely place a device in any 

position and orientation. Therefore, the large transmitter coil, which has dimensions of 16 cm × 18 cm, is 

in turn inductively coupled to the small receiver coil, which has dimensions of 6 cm × 8 cm. These 

coupling coils were designed using the technique described in [22]. Finally, the full bridge rectifier was 

implemented using an MBRS260T3 Schottky-Barrier Rectifier (Onsemi Co. Ltd., Pheonix, AZ, USA). 

 

Figure 2. Schematic of fabricated wireless power transfer circuit. 

Figure 3 shows the measurement results of the received power and total efficiency versus the load 

resistance, as well as the Agilent ADS simulation values. The system delivers up to 4 W of power, and 

has a peak efficiency of 70%. In addition, the fabricated system shows the natural impedance response 

to achieve the desired power delivery profile across a wide range of load resistance values, while 

maintaining high efficiency in order to prevent any heating issues. For example, the measured results 

show a high efficiency of at least 50% for the range 50 Ω to 150 Ω, which matches the optimum range 

for power delivery above 2 W. 
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(a) (b) 

Figure 3. Measurement and simulation results as a function of Rload. (a) Received power; 

(b) Efficiency. 

2.2. Control Part Design  

As shown in Figure 1, the control part uses three sensors to monitor the transmitter and receiver 

statuses, namely the coil voltage, the supply current, and the load voltage. The coil voltage is extracted 

by rectifying the transmitter coil voltage via a high-impedance path using a half-wave rectifier.  

The voltage is then stepped down to a workable voltage via a voltage divider. To mitigate the loading 

effects and high-frequency noise, a buffer amplifier using an operation amplifier (Op-Amp) is used 

before the NI DAQ-6008 board’s ADC port. Next, the supply current is extracted via the current-sensing 

resistor Rsense in Figure 2. Rsense is located on the high side before Lchoke. The voltage drop across Rsense 

is stepped up via a non-inverting Op-Amp. These two sensors can monitor the transmitter status. 

Finally, the load voltage that monitors the receiver status is directly extracted from Rload via a  

high-impedance path. In Figure 4, we show a detailed schematic of the three sensors. The coil voltage 

sensor in Figure 4a is placed on a transmitter coil so that the transmitter’s output voltage can be 

monitored. Two capacitors are used to monitor the coil voltage without power loss, and the diode is 

used to rectify the voltage variation. The supply current sensor in Figure 4b consists of a differential 

amplifier and a Sallen-key low pass filter (LPF). The differential amplifier amplifies the difference 

between the input plus and minus currents, and the amplified current is converted to DC via the  

Sallen-key LPF. The load voltage sensor in Figure 4c is located at the receiver coil so that the 

receiving output load power can be monitored. 

  
(a) (b) (c) 

Figure 4. Schematic of three sensors. (a) Coil voltage sensor. (b) Supply current sensor. 

(c) Load voltage sensor. 
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Next, we need a flexible power supply circuit to control the drain bias voltage of the class-E power 

amplifier. To minimize the power supply loss, this should be implemented using switching mode 

power supply (SMPS) architecture. The schematic of the designed DC–DC converter is shown in 

Figure 5a, which is implemented using the TL494 pulse width modulation (PWM) integrated circuit 

(IC) and IR2109 of the gate driver IC. Constant voltage of 20 V is supplied to TL494/IR2109 ICs and 

metal-oxide semiconductor (MOS) transistors. Vin is a input voltage from DAC module and Vout is a 

output voltage to class-E power amplifier in Figure 1. Surface acoustic wave (SAW) pulse with the 

following frequency fsw is generated at the RT and CT pins of the TL494 chipset: 

1.1
sw

T T

f
R C




 
(1) 

Then, PWM signal is generated from the C2 pin of the TL494 according to the input voltage Vin of 

the feedback (FB) pin. The PWM signal from TL494 goes to the IN pin of the IR2109 chipset.  

The IR2109 is a gate driver IC, and its output signal is generated at the HO and LO pins of IR2109. 

Then, the output signal goes to the MOS1 and MOS2 transistors in turn, which work symmetrically 

like a buck converter, and we can obtain DC voltage at the load resister Rload. The output voltage Vout 

varies from zero to 20 V according to the duty cycle by input voltage Vin of the TL494 chipset. Here, 

we should satisfy the implementation condition that the cutoff frequency fcutoff in the output of the  

DC–DC converter, as given below, should be greater than the SAW pulse frequency fsw in Equation (1): 

1

2π
cutoff

p p

f
L C




  
(2) 

The measurement result of the fabricated DC–DC converter is shown in Figure 5b, where we can 

see that it works correctly in accordance with the variable duty cycle. When the input voltage Vin of the 

TL494 FB pin varies from 1 V to 3 V, the output voltage Vout in Rload varies in a linear manner from  

1.4 V to 19.5 V, respectively. 

(a) (b) 

Figure 5. Circuit implementation of DC–DC converter. (a) Schematic of DC–DC converter. 

(b) Measurement results. 
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3. Power Control Experiments 

Figure 6 shows the experimental setup of our software-based wireless power transfer platform.  

The designed circuit part is connected to the upper control part using a PC with modest processing 

capabilities, and all algorithms are implemented in the MATLAB/Simulink environment on the PC. 

Especially, the functions of hardware and software are clearly separated. Therefore all circuit-based 

functions, such as PWM control, are designed using hardware techniques. For example, the designed 

DC–DC converter is implemented using TL494 PWM IC without any digital feedback using NI. The 

class-E power amplifier is driven by a commercial low power clock with fixed oscillation frequency of 

240 kHz. Therefore, software function can be realized simple DAQ and MATLAB/Simulink, which is, 

in general, widely accepted software. To verify the effectiveness of our platform, we demonstrate two 

types of power control experiments. The first one is an output voltage regulation using closed-loop 

power control, and the other is no-load or metal detection using open-loop power control. 

 

Figure 6. Experimental setup of software-based wireless power transfer platform. 

3.1. Load and Metal Detection: Open-loop Control 

Figure 7 shows the space diagram of the coil voltage and supply current, which is used to detect  

no-load or metal objects. When any receiver coil is located on the transmitted coil, the values of the 

transmitter coil voltage and supply current vary with load variations. For example, the supply current 

decreases when the load resistor changes from 50 Ω to 4 kΩ. This is because the receiver coil does not 

need a large supply current for an overcharged state of 4 kΩ. However, in the metal detection case,  

it consumes an excessive amount of supply current and coil voltage in a short time, in the process 

heating metal objects. Further, our system shows the no-load condition when the operating condition is 

in the vicinity of the circle shape. Therefore, we can estimate the kinds of loads that exist based on the 

values of supply current and coil voltage on the transmitter pad. As an example, if the coil voltage is 

measured between 41 V (Vmin) and 52 V (Vmax) and the supply current is measured between 0.16 A (Imin) 
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and 0.68 A (Imax), we can guess the receiver coil is placed on the valid position of the transmitter coil. 

On the other hand, any operating condition that is not with this range is considered to be in the 

abnormal case. Therefore the transmitter should be powered down when there is no valid coil placed 

on the transmitter coil for power saving and safety purpose. If a no-load condition or metal object is 

detected, the power control algorithm implemented with MATLAB/Simulink software can 

automatically power down the DC–DC converter via the DAC of the NI DAQ-6008 board. 

 

Figure 7. Measured result for different loading conditions on coil voltage and supply current. 

As an example, Figure 8 shows a MATLAB/Simulink code block for the open-loop control of  

no-load or metal detection. Using two sets of sensing information (channel #2 for the coil voltage and 

channel #3 for the supply current), the open-loop power control algorithm is run to perform no-load or 

metal detection. If the input coil voltage is between Vmin and Vmax, and the input supply current is 

between Imin and Imax, the switch output is 5 V and the class-E power amplifier acquires the power-on 

status. Otherwise, the switch output is 0.5 V and the class-E power amplifier acquires the power-off 

status, where a switch output of 0.5 V means 0 V because MATLAB does not support an output of 0 V. 

 

Figure 8. MATLAB/Simulink code for ON/OFF control algorithm. 
  

load 50 Ω

load 4 kΩ

Imin Imax

Vmin

Vmax

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0

10

20

30

40

50

60

70

80

C
oi

l V
ol

ta
ge

 (
V

)

Supply Current (A)

 Load Detection
 No-load Condition

Analog Input

HW Ch. 2

HW Ch. 3

NI DAQ
USB-6008

AND

AND

NAND >=

5

Constant

0.5

Constant

NI DAQ
USB-6008

Analog Output
SwitchLogical

Operator

Logical
Operator

Logical
Operator

Compare

Compare

Compare

Compare

DAQ (ADC2, ADC3)

Coil Voltage

Supply Current DAQ (DAC1)

K-

Gain

> Vmin

< Vmax

> Imin

< Imax

K-

Gain

K-

Gain

K-

Gain



Energies 2015, 8 7685 

 

 

3.2. Output Voltage Regulations: Closed-Loop Control 

As the receiver coil may be located at any arbitrary position over the transmitter coil surface,  

the received power at the receiver cannot remain constant. Changes in the received power can cause 

large output voltage variations. Therefore, it is necessary to stabilize the output voltage under coupling 

variations in a loosely-coupled planar wireless power transfer system design [23]. In this paper,  

we demonstrate the ability of our closed-loop power control algorithm to successfully maintain a constant 

receiving power. Our closed-loop power control algorithm generally works as follows: Because of the 

open-loop no-load detection capability, our platform starts automatically only when the receiver coil is 

located on the transmitter coil. After a successful load detection procedure, three sensors send the 

transmitter and receiver status via the ADC of the NI DAQ-6008 board. Using the sensing information, 

the closed-loop power control algorithm calculates the optimal bias voltage for the class-E power 

amplifier using MATLAB/Simulink. After performing the calculations, our proposed algorithm 

outputs the control voltage (Vin) for a DC–DC converter via the DAC of the NI DAQ-6008 board. 

Figure 9 shows a MATLAB/Simulink code block of the closed-loop power control algorithm that is 

used to regulate the receiver's output voltage. Using three sets of sensing information (channel 1 for the 

load voltage, channel 2 for the coil voltage, and channel 3 for the supply current), our algorithm 

adjusts the bias voltage of the class-E power amplifier in order to maintain a steady receiver power at 

approximately 2 W. Channel 1 for the load voltage mainly consists of the gain coefficient K, a LPF, 

and a proportional-integral (PI) controller. The gain coefficients (K) are used to appropriately 

normalize the input signals, i.e., the load voltage, coil voltage, and supply current. The PI controller is 

explained later in Figure 10. The information for channels 2 and 3 is obtained from the transmitter 

side. If the coil voltage of channel 2 is less than Vmax and the supply current of channel 3 is greater than 

Imin, the PI controller activates the NI DAQ analog output. Otherwise, the controller makes a decision 

that there is no load or metal object. 

 

Figure 9. MATLAB/Simulink code for stabilizing receiver’s output voltage. 

Figure 10a shows the block diagram for a PI controller. In this paper, we use the PI controller block 
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The PI controller monitors the output voltage and calculates the updated value after comparing the 

output voltage with the reference value. Figure 10b shows the measurement results of the PI controller 

output, which are measured through MATLAB/Simulink’s real-time scope. When there is a 

disturbance for a normal status of 11 V, we observe that the PI controller compensates its original 

value within 1 second. In this paper, we apply its compensating property to the closed-loop control of 

transmit power. 

 
(a) 

 
(b) 

Figure 10. PI controller verification. (a) Block diagram for verification. (b) Measured result 

of time response. 

Figure 11a shows the measured result of the receiver’s output voltage for different positions 

involving power regulation with and without closed-loop power control. We move the receiver coil 

from side to side and measure the voltage across Rload. In the case without output power control, the 

default bias voltage of the class-E power amplifier is fixed to 12 V, and the output voltages are varied 

owing to the coupling variation in the different receiver coil positions. On the other hand, our power 
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every position. In particular, our power control algorithm generates a control voltage from 1 V to 3 V. 

Using these control voltages, the DC–DC buck converter generates an output voltage to maintain a 

steady receiver power at approximately 2 W. In addition, Figure 11b shows overall system efficiency 

whether we use power regulation or not, and the result means that there is no efficiency degradation 

due to power regulation. Here, the definition of overall system efficiency is DC-to-DC efficiency, 

which means the ratio of total delivered output power at the load over input DC power. 

(a) (b) 

Figure 11. Measured result of output voltage for different receiver positions.  

(a) Output voltage. (b) Efficiency. 

4. Conclusions 

In this paper, we proposed a software-based wireless power transfer platform using 

MATLAB/Simulink and an NI DAQ board for open- and closed-loop power control experiments to 

enable easy modification by re-writing user-level software. In order to verify the performance of our 

proposed software-based platform, we developed a software-based platform for experiments with two 

types of power control, in terms of output voltage regulation for different receiver positions and  

no-load or metal detection. We verified that the performance results obtained for our two experiments 

were acceptable when compared to those obtained using the conventional hardware-based approach. 

Our approach can serve as an inexpensive alternative to accurately evaluate the power control 

algorithm of wireless power transfer systems. Using our software-based platform, a wireless power 

system designer can therefore focus on the development of algorithms without the need to deal with 

hardware when creating real prototypes. 

In future works, we need to research theoretical identification and control performance. Since we 

mainly focus on implementing a software-based wireless power transfer platform for various power 

control experiments, there exists, to an extent, a lack of theoretical background and control 

performance measurement. Theoretical background and measurement of control performance such as 

response time and overshoot will be one of our major topics for future work. In addition, improvement 

of power transfer efficiency will be needed for future work. 
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