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Abstract 

Wireless power transfer via magnetic couple resonance has been widely studied as an attractive research 

target. In order to improve the transmitting efficiency, not only increasing performance of antenna is 

important but also controlling secondary (receiver) side input impedance value. As a method of controlling 

secondary input impedance, the method of using a DC-DC converter is proposed in previous research. 

Mutual inductance what related to transmitting distance and load resistance value is needed to know for 

control the DC-DC converter. Moreover, the transmitting distance and load resistance has changed in actual 

WPT situation. Therefore, control method for DC-DC convertor what keep best efficiency in actual WPT 

situation is needed. In this paper, the novel method of controlling a DC-DC converter for maximize 

efficiency which used for wireless power transfer via magnetic couple resonance is proposed. A mutual 

inductance can be known the voltage sensor in secondary side by setting power supply voltage constant. 

Furthermore, efficiency could be maximized regardless of the state of load by controlling a DC-DC 

converter so that the secondary side voltage constant value. This principle was explained by equation. 

Thereby, even when transmission distance and a load resistance value change, wireless power transfer 

system keep best efficiency automatically without communication between primary to secondary side. 
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1 Introduction 
Wireless Power Transfer (WPT) via magnetic 

resonant coupling which was first introduced in 

year 2007 [1]. With this method high 

transmission efficiency is obtainable over 

relatively larger gap compared to induction 

method. Potential application includes charging 

electric vehicles. The important feature of WPT 

is high efficiency at large transmission distance. 

For high transmission efficiency, not only 

improving the performance of transmitting and 

receiving antenna is important, but also optimal 

load impedance [2]. Impedance matching circuit is 

commonly used for changing load impedance [3] 

in radio engineering, but the circuit has mechanical 

element that causes slow response. Therefore, 

controlling load impedance with DC-DC converter 

is proposed. In paper [4], experiment shows that 

transmission efficiency is increased by DC-DC 

converter. 

In actual WPT system, transmitting distance and 

load value has been changing by operating 

condition. Therefore, DC-DC converter needs 

control method which can achieve best efficiency 



EVS27 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium  2 

when this changes. However, the control method 

for automatic adjustment in actual WPT system 

is not shown. 

In this paper, the method for controlling DC-DC 

converter for WPT via magnetic resonant 

coupling is proposed. First, a characteristics of 

magnetic resonant coupling and relation between 

efficiency and load resistance is shown by 

equation and calculation. Next, basis of 

efficiency optimization using DC-DC converter 

is shown. Then, in an actual WPT system, 

control method of DC-DC converter for 

efficiency maximization automatically is 

explained. Finally, the proposed method is 

validated through experiment. 

2 The Characteristics of 

Magnetic Resonant Coupling 

2.1 Input Output Characteristics in 

Resonance Frequency 

The magnetic couple resonance can be explained 

by equivalent circuit and equivalent circuit is 

proposed by past research. The equivalent circuit 

is illustrated in Figure 1 [5]. Term L1, L2 is 

primary and secondary coil of antenna 

inductance. C1, C2 is primary and secondary 

capacitance of antenna. R1, R2 is antenna 

resistance and related to antenna loss. These 

parameters are decided by antenna figure and 

does not have relation condition of WPT system 

as transmitting distance and load condition. Term 

Lm is mutual inductance which is related to 

transmission distance. Inductance and 

capacitance of transmitting antenna and receiving 

antenna satisfy (1) because WPT via magnetic 

couple resonance send the power by electrical 

resonance. 

  (1) 

 

Figure 1: Equivalent circuit of magnetic resonant 

coupling 

Figure 2 shows equivalent circuit of WPT system 

which connected power and load. Where V1 is 

the primary side voltage, V2 is the secondary side 

voltage, and RL is load resistance. Term Zin2 is 

secondary side input impedance and equal to RL in 

this figure. 

In case transmitting frequency equal to resonance 

frequency which is shown in (1), transmission 

efficiency AP is shown (2) and is equal to the ratio 

of secondary to primary power. Also AV is the ratio 

of secondary to primary voltage as shown in (3). 
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Figure 2: Equivalent circuit of magnetic resonant 

coupling with power source and load 

2.2 Maximum Efficiency Secondary 

Input Impedance 

Using the derived equations, the change of 

efficiency characteristic corresponding to load, RL 

is calculated. 

Figure 3 shows the antenna figure for calculation, 

and table 1 show the antenna specification and this 

antenna’s parameter is shown in table 2. The 

antennas’ parameters are set to be the same as the 

actual antennas. And Table 3 shows the Lm values 

of transmitting distances. 

 

 

Figure 3: An antenna for Wireless power transfer 
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Table 1: Antenna specification 

Description Value 

Outer diameter [mm] 450 

Inner diameter [mm] 115 

Number of turn [turn] 50 

Pitch [mm] 3.4 

Wire cross-section area [mm
2
] 2.0 

Table 2: Antenna parameters 

Parameter Value 

L1 [uH] 650 

L2 [uH] 650 

C1 [pF] 2000 

C2 [pF] 2000 

R1 [Ω] 1.4 

R2 [Ω] 1.4 

Table 3: Relation between transmitting distance to 

mutual inductance 

Transmitting distance 

[cm] 

 Mutual inductance 

Lm [uH] 

20 86.3 

30 41.4 

40 22.2 

50 12.9 

 

Figure 3 shows the plot of AP, corresponding to 

changing RL. Figure 3 shows AP is maximized at 

certain RL values. Transmission efficiency is 

affected by load resistance. Therefore optimizing 

load value for high efficiency is important. The 

secondary side input impedance during 

maximum efficiency, Zin2APmax is shown by (4). 

 

 













 2

1

2

0
2max2 R

R

L
RZ m

APin

   (4) 

 

 

Figure 4: Relation efficiency and load resistance 

3 Input Impedance Control by 

DC-DC Converter 
The Load resistance RL is determined by load 

condition and cannot be changed freely by WPT 

system. Therefore, a method to control the 

secondary side input impedance is needed. As a 

method of changing input impedance, DC-DC 

converter is more suitable for controlling 

secondary input impedance in WPT system 

because it has no mechanical elements and can fast 

response. 

Figure 5 shows the block diagram of secondary 

impedance control with DC-DC converter. DC-DC 

converter can change secondary input impedance 

by changing switching duty ratio without changing 

RL. 

 

Figure 5: Impedance control by DC-DC converter 

 

Figure 6 shows the circuit of buck converter. Buck 

converter converts input voltage into lower output 

voltage. Generated impedance is calculated by (5) 

where D is switching duty cycle and the 

impedance range is given by (6). 

Equation (6) show Buck converter converts higher 

impedance than load resistance. In case of WPT 

for EV, RL is smaller than ZinAPmax because EV 

needs high power charging. Therefore buck 

converter is suitable for high power WPT. 
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Figure 6: Buck converter 
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4 Control Method for DC-DC 

Converter 

4.1 Problem of Conventional Method 

Figure 7 shows the complete circuit of WPT 

system during actual application. The switching 

duty ratio of DC-DC converter is changed, so 

that ZIN2 with maximum efficiency is achieved. 

Equation (5) cannot apply for actual DC-DC 

converter because (5) does not consider 

converter’s loss and the loss of DC-DC converter 

changes depend on state, and are not constant. 

Moreover, (4) contains Lm. In order to obtain Lm, 

communication is needed between primary to 

secondary side.  

4.2 Nobel Control Method 

Then, novel control method is proposed. The 

primary voltage is set constant and efficiency 

maximization is attained by controlling 

secondary voltage. 

Maximum efficiency secondary voltage (V2
*
) is 

shown (7) from (3) and (4). By controlling a DC-

DC converter so that secondary voltage becomes 

V2
*
, efficiency can be made into the maximum. 

When primary voltage (V1) is constant value, Lm 

can be calculated by (4). This value represents 

the estimated mutual inductance from secondary 

side. 
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4.3 Experimental Method 

Experiment is performed. To confirm maximize 

efficiency by DC-DC converter when load 

resistance and transmitting distance. Transmitting 

distance is set to 20 cm and 40 cm. compare 

transmitting efficiency with DC-DC convertor to 

without DC-DC converter. V1 set to constant value, 

and control duty cycle to become same value V2 

and V2
*
. The experimental experiment is shown in 

Figure 8. The antennas are same as for calculating 

in section 2. 

   

(a) Antennas             (b) DC-DC converter 

Figure 8: Experimental equipment 

4.4 Experimental Results 

Experiment result is shown in Figure 9. In case 

DC-DC converter does not exist, Transmitting 

Efficiency is getting worse when load resistance is 

low. While on the other hand, in case apply the 

DC-DC converter with proposed control method, 

the efficiency keeps maximum value in low load 

resistance. From here this result indicates proposed 

control method of DC-DC converter is effective 

 

 

Figure:7 Circuit diagram of WPT system with DC-DC converter for maximize transmitting efficiency  
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Figure 9: Experiment result 

5 Conclusion 
Method for transmission efficiency improvement 

using DC-DC converter for WPT via magnetic 

resonant coupling is proposed in this paper. The 

principle of DC-DC converter control method 

without communication between primary and 

secondary side is explained. And experiment is 

performed based on the control method, and 

confirm the method is effective. 

Acknowledgments 
The authors would like to thank Mr Y. 

Moriwaki for useful discussions and valuable 

experiments. 

References 
[1] Andre Kurs, Aristeidis Karalis, Robert 

Moffatt, J. D. Joannopoulos, Peter Fisher, 

MarinSoljacic, “Wireless Power Transfer 

via Strongly Coupled Magnetic Resonances,” 

Science Express, Vol.317, No.5834, pp.83-

86, 7 June 2007 

[2] Masaki Kato, Takehiro Imura, Yoichi Hori, 

"The Characteristics when Changing 

Transmission Distance and Load Value in 

Wireless Power Transfer via Magnetic 

Resonance Coupling," INTELEC2012, 

2012.10 

[3] Teck Chuan Beh, Takehiro Imura, Masaki 

Kato, Yoichi Hori, ”Basic Study of 

Improving Efficiency of Wireless Power 

Transfer via Magnetic Resonance Coupling 

Based on Impedance Matching”, IEEE 

International Symposium on Industrial 

Electronics, 2010 

[4] Yusuke Moriwaki, Takahiro Imura, Yoichi 

Hori, "Basic study on reduction of reflected 

power using DC/DC converters in wireless 

power transfer system via magnetic resonant 

coupling," Telecommunications Energy 

Conference (INTELEC), 2011 IEEE 33rd 

International , vol., no., pp.1-5, 9-13 Oct. 

2011 

[5] Takehiro Imura, Hiroyuki Okabe, Toshiyuki 

Uchida, Yoichi Hori, "Wireless Power 

Transfer during Displacement Using 

Electromagnetic Coupling in Resonance -

Magnetic versus Electric Type Antennas-, " 

IEEJ, Vol. 130-D, No. 1, pp.76-83 (2010)   

 

Authors 

 

Masaki Kato received his B.E. degree 

in Electrical Engineering from 

Shibaura Institute of Technology, 

Tokyo. He received his M.S degree in 

Frontier science from the University of 

Tokyo in 2011. He worked in Honda 

Elesys Co., Ltd, and is currently 

pursuing the Ph.D. degree at the 

University of Tokyo. 

 

 

Dr. Takehiro Imura received his B.S. 

in electrical and electronics 

engineering from Sophia University, 

Tokyo, Japan. He received his M.S 

degree and Ph.D. in Electronic 

Engineering from The University of 

Tokyo in March 2007 and March 2010 

respectively. He is currently a research 

associate in the Graduate School of 

Frontier Sciences in the same 

university. 

 

 

Dr. Yoichi Hori received his Ph.D. in 

electrical engineering from The 

University of Tokyo, Japan, 1983, 

where he became a Professor in 2000. 

In 2008, he moved to the Department 

of Advanced Energy, Graduate School 

of Frontier Sciences. Prof. Hori was 

the recipient of the Best Paper Award 

from the IEEE Transactions on 

Industrial Electronics in 1993 and 

2001 and of the 2000 Best Paper 

Award from the Institute of Electrical 

Engineers of Japan (IEEJ). He is the 

Chairman of the Motor Technology 

Symposium of the Japan Management 

Association. 

 

0

0.2

0.4

0.6

0.8

1

0 10 20 30 40 50

T
ra

n
sm

it
ti

n
g
 e

ff
ic

ie
n

cy
 A

P

Load Resistance RL [Ω]

40cm (with DC-DC)

40cm (w/o DC-DC)

20cm (with DC-DC)

20cm (w/o DC-DC)


