
 

 

 

Abstract—Wireless Power Transfer (WPT) system commonly 

compensates by a symmetric pair of inductor and capacitor on the 

primary-secondary circuits to use the idea of resonance. It should 

be noticed that an additional component compensation on the 

common WPT circuit is able to affect the power transferred to the 

load. Although it is useful to wirelessly transfer power to multiple 

receivers, the complexity of the system will increase with the 

number of receivers as well as the system loses symmetry, and 

then, it would be difficult to design high power transfer system. 

This study explores the WPT circuit compensated with a single 

capacitor in the primary side to transfer high power to dual 

receivers. Using a single capacitor on the primary side makes the 

circuit asymmetry, so the idea of resonance cannot be used. To find 

operating points that maximize transferred power, this paper uses 

a mathematical optimization technique with several design 

variables.  The NSGA-II (Non-dominated Sorting Genetic 

Algorithm II) is used to optimize the design variables of the 

mathematical system model. The results show that the proposed 

system is able to attain high power even though using only a single 

capacitor compensation without the idea of resonance. 

 

Keywords—Optimization, wireless power transfer 

resonance.  

I. INTRODUCTION 

IRELESS Power Transfer (WPT) supplies electric power 

to an electric device without wires. Nowadays, WPT has 

been implemented in many practical applications, such as in 

electric vehicles [1], biomedical devices [2] [3], and electronic 

appliances [4]. The increasing demand for electronic appliances 

increases the WPT usage since many companies want to avoid 

complex wire connections. For now, and the future challenge, 

WPT is required to be able to meet the need to charge multiple 

devices at once [5-8].  

 The architecture and optimization fields are considered as 

a research hotspot in WPT research [9]. The common WPT 

architecture uses a capacitor compensation on their primary and 

secondary circuits [10] to achieve high power. Therefore, many 

works use the idea of resonance as a requirement to obtain the 

operating frequency [11]. Further, impedance matching [12] 

and optimization techniques [13] have been proposed to make a 

high-power WPT system.  

 The common WPT circuit using the idea of resonance does 

not always obtain high power [14]. Adding components such as 

capacitors to the receiver to compensate WPT circuit can 

increase the equivalent series resistance so that it can affect the 

power and efficiency of the WPT system [15] [16] [17]. 

Furthermore, the addition of capacitors to the multiple receivers 

makes the WPT circuit more complicated as the number of 

receivers increases.  

 For this reason, we propose to use a single capacitor 

compensation on the primary side of the WPT system. This 

proposed system can disregard the capacitance parameters and 

its parasitic resistance on the secondary side. The challenge of 

exploring this circuit is it lacks symmetry, so it cannot use the 

idea of resonance. Hence, another approach to achieve 

high-power optimal operating points needs to be addressed.  

 Many other studies on WPT are based on the idea of 

resonance [10] [11]. Then, they suppose a symmetric circuit, 

that is, to use a pair of capacitors and inductors for both primary 

and secondary sides. However, the situation of symmetry would 

be violated if we suppose multiple targets. Moreover, it has not 

been proven and is still an open question that violating the 

symmetry and accepting non-resonance would be poor 

strategies. The main difficulty of the question comes from the 

large flexibility of circuit topology if we extend our analysis to 
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asymmetric circuits. To overcome the difficulty, we propose an 

asymmetric circuit without a capacitor on the secondary sides 

and make the optimization process easier.  

 In this paper, we present our approach in several steps. 

Initialized by analyzing the circuit equations, we obtain transfer 

function as our system model [18-20]. Our system model 

contains two transfer functions for each of the load receivers. 

Thus, both transfer function is used as the objective function 

and the problem set is defined from the selection of design 

variables. We will confirm our results by conducting LTSPICE 

simulation for each of the optimization scenarios.  

II. SYSTEM MODEL 

Fig. 1 shows our proposed WPT circuit which only uses a 

single capacitor to transfer power to two receivers. In the 

primary circuit, the components consist of u as the voltage of 

voltage source and its resistance
sR , the capacitor C, the 

primary coil 
1L  , and its parasitic resistance 

1R . The first 

receiver consists of the first receiver coil 
2L  and its parasitic 

resistance 
2R and load 

1LR . In the second receiver, the 

components consist of a second receiver coil 
3L  and its 

parasitic resistance 
3R  and load 

2LR . The mutual inductance 

between the primary circuit with the first receiver is symbolized 

with 
1M , and the mutual inductance between the primary circuit 

and the second receiver is notated with 
2M . In this circuit, we 

also consider the cross-coupling mutual inductance between the 

first and second receiver as 
3M . 

 

 

Fig. 1. Proposed Single Capacitor Dual Receivers WPT Circuit 

With Fig. 1 we model our system starting with the Kirchhoff 

voltage and current laws described in (1). 
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By 
1 1 2 3, , ,v i i i  are the state-space variables, u is the input, and 

y is the output, the state-space representations are described as 

(2). 
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The transfer functions from u to 
1Ly  and 

2Ly  are respectively 

given by: 
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Using sine wave input (5) (
0u  is the amplitude of the input 

voltage), we obtain the steady-state voltage formula for the 

voltages over
1LR  and 

2LR as 
1ssy  and 

2ssy  respectively 

described as (6). Also, we describe the formula of steady-state 

power at 
1LR  and 

2LR  as  
1ssp  and 

2ssp   described in (7). 

 

   0u t u sin t  (5) 
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III. OBJECTIVE FUNCTION AND OPTIMIZATION 

A WPT system can be designed using a couple of coils to 

deliver power wirelessly based on electromagnetic phenomena. 

However, this simplest WPT circuit cannot produce high power 

at the load receivers. Therefore, an additional component needs 

to be added in the primary or secondary circuit to obtain higher 

power. This method is commonly called a compensation 

method [21-22]. Thus, this study adds a single capacitor 

component on the primary side circuit and calculates the 

optimal capacitance value to obtain high power. 

Common WPT circuit (in Fig. 2) [10-11] compensates the 

system with a capacitor installed on the primary circuit and each 

receiver side to obtain high power. Then, the idea of resonance 

is used to obtain operating frequency (8). 

  

 

Fig. 2. Common Dual Receivers WPT Circuit with Capacitor Compensation 

in Each Receiver. 

1 1 2 2 3 3
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We should consider a method different from the common 

idea of resonance since our circuit lacks symmetry. Therefore, 

we will use an optimization technique with several choices of 

the design variables. 

A. Objective Functions 

Our study aims for the possible highest power transferred to 

the load receivers. The objective functions are taken from the 

steady-state power formulas described in equation (7). Thus, 

from (6) to (7), we express our multi-objective function as (9), 

where 
1f  is proportional to the average power absorbed at 

1LR   

and 
2f  is proportional to the average power absorbed at 

2LR . 

The minus signs in (9) are for making the maximization problem 

to a minimization problem. 
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The equations in (9) actually contain many parameters 

(13-parameters), and we have to choose design parameters 

among them depending on the situation. The WPT design 

variables were chosen based on the common WPT design 

requirement and approach, which are:  

1. Design a high power WPT to work on the design 

when the variables selected were capacitance, 

frequency, and coupling coefficient. 

2. Design a high power WPT to work on the design 

when the variables selected were capacitance, 

primary coil, and coupling coefficient.  

3. Design a high power WPT to work on optimal 

operating point when the circuit component is fixed 

except for the capacitor. In this case, the design 

variables selected were capacitance and frequency. 

B. Design Variables: Capacitance, Frequency, and 

Coupling Coefficients 

Other than capacitance and frequency, the coupling 

coefficient plays an important part in the WPT system [13] 

[23][24]. In our situation, the coupling coefficients  

1 2 3, ,K K K in (10) are likely to change depending on the gap size 

between the primary circuit coil and each coil on the receivers 

[25].  

3

31 2
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1 2 3

1 2 1 2

MM M
K K K

L L L L L L
    (10)  

The coupling coefficient value is 0 1k  (by assuming the 

common winding directions of coils). The coupling coefficients 

can be represented as air gap width between primary and 

secondary coils [26]. The value k approaching to zero means a 



 

 

wide gap situation between coils and vice versa, where the 

transferred power tends to be small in general. However, the 

higher coupling coefficient (or narrow gap) is not always equal 

to the high power.  

Our study conducted preliminary computation to get a better 

representation of this phenomenon. The analysis performed 

using (9) with numerical component values in TABLE I. where 

1 2K K  are free variables. In this computation, we assume 

there is no cross-coupling between receivers, therefore 
3 0K  . 

At this preliminary computation, we configured the   = 760 

kilorad/sec and C=62.3 nF.  

TABLE I.  NUMERICAL COMPONENTS VALUE 

Parameter Value Parameter Value 

1L  22 μH 

 

1 2 3R R R 

 

0.01 Ω 

2L  11 μH sR  1 Ω  

3L  9 μH  

 

1 2,L LR R  

 

8 Ω, 15 Ω 

 

Fig. 3 shows the performed computation and presents a result 

where 
1f and

2f   peak exist at some values of 
1 2K K . 

Therefore, a higher coupling coefficient does not always result 

in high power.  

 

Fig. 3. Preliminary Computation Results of 1f and 2f . With Numerical 

Values in TABLE I. where 1 2K K and 3 0K  .  

The situation can be easily complicated if the coupling 

coefficients 
1K  and 

2K  are not equal. A preliminary 

computation has been conducted to observe the situation.  Using 

TABLE I. as the component values, we configured the   = 760 

kilorad/sec and C=62.3 nF and 2K  is fixed at 0.3. Fig. 4 shows 

a situation where the second receiver's coupling coefficient 

2 0.3K  and 3 0K  , the gap between the primary circuit with 

the first receiver is getting narrower simulated by the 
1K  is 

swept from 0-1. From  Fig. 4, the power at the second receiver 

becomes lower when the first receiver gap is narrower to the 

primary circuit. Therefore, in this work, we assume the design 

meets the optimization requirement where 
12 1 2K K K  . 

Then, we describe the problem set as in (11). 
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Fig. 4. Preliminary Computation Results of 1f and 2f  with Numerical 

Values in TABLE I. where 1K  is a free variable, 2 0.3K   and 3 0.1K    

C. Design Variables: Capacitance, Primary Coil, and 

Coupling Coefficients 

Some WPT design requirement is needed to work on the ISM 

(Industrial, Scientific, and Medical) band which 6.78 MHz, 

13.56 MHz, and so on [27-29]. When it comes to the fixed 

frequency, the parameter selection also considers the primary 

coils 
1L  since the coils on the receiver's side should be in a fixed 

parameters condition. Therefore, in the ISM band WPT design, 

we propose to optimize capacitance, primary coil inductance, 

and coupling coefficients. Then the problem set is defined in 

(12).  
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D. Design Variables: Capacitance and Frequency 

Our optimization also considers an optimization with two 

selection of design variables, where the selected two variables 

are the capacitance and frequency. Then, the problem set 

expresses as in (13). 
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E. Optimization Tools and Decision Making  

We run the optimization computation using Python 

Multi-Objective Optimization (PyMOO) [30] by using the 

NSGA-II [31]. The NSGA-II runs in 500 populations and 200 

generations. Since our proposed approach is a multi-objective 

optimization, the solutions can be more than one and result in 

conflict between objectives. Therefore, a decision to select the 

best solutions need to be obtained [32].  

In this study, we use the pseudo-weight vector approach 

provided by PyMOO to select the best solutions by configuring 

the weight of the objectives as in (14) where i is the i-th 

objective function, x is the design space variables and M is the 

total of the objective functions.  
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Then we decide the best operating point among the 

optimization solutions, which are selecting the fairest solutions 

described by giving the pseudo-weight for 
1f  and 

2f  solutions 

as 0.5. 

IV. RESULTS 

A. Optimization Results with Capacitance, Frequency, and 

Coupling Coefficients as Design Variables.  

In this section, we conducted the optimization using C, ω, 

and 12K  as design variables and problem set in (11) to obtain 

high power and optimal operating coupling coefficient. By 

substituting the TABLE I component values to the problem set, 

we got the objective function (15). 
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The optimization results are presented in Fig. 5, where the 

NSGA-II obtained a total of 18 solutions. The results of the 

decision making are shown in TABLE II. Afterward, The 

LTSPICE AC analysis simulations (1 Volt-voltage of the 

voltage source) were performed to confirm TABLE II. results. 

The output of the simulations is processed and plotted in Fig. 6. 

 

Fig. 5. Optimization  Results for objective functions in (15) Using Numerical 

Values in TABLE I. where 
12 1 2K K K  and 

3 0K    

TABLE II.  FIG. 5 DECISION MAKING RESULTS 

Decision 

Making 

Objective Values Design Values 

1f  

(Watt) 

2f  

(Watt) 

C  
(Farad) 

Frequency  
(Hertz) 12K  

Pseudo-

Weight 

0.5
1f  

0.5
2f  

0.09 0.15 10.2 n 343.01 k 0.16 

Smallest  

12K  
0.09 0.15 7.78 n 392.95 k 0.15 



 

 

 

Fig. 6. LTSPICE Results Plotted using Python for obtained design values in 

TABLE II.   

B. Optimization Results with Capacitance, Primary Coil, 

and Coupling Coefficients as Design Variables.  

In this section, the optimization is performed with 6.78 MHz 

fixed frequency and the C, 
1L ,  

12K  design variables. The 

optimization conducted using the component values in TABLE 

I. except for the 
1L  (treated as the design variable).  By 

substituting the component values to the problem set (12), we 

obtained the objective function (16). 
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(16) 

The optimization generates single solutions shown in 

TABLE III. Using the optimum value in capacitance, primary 

coil inductance, and coupling coefficients in TABLE III, we 

performed the LTSPICE AC analysis with a 1-Volts voltage 

source. The results are plot using Python as in FIG. 7. 

TABLE III.  FIG. 5 DECISION MAKING RESULTS 

Objective Values Design Values 

1f  

(Watt) 

2f  

(Watt) 

C  
(F) 

1L  

(Henry) 
12K  

0.09 0.15 56.2p 10.65μ 0.19 

 

Fig. 7. LTSPICE Results Plotted using Python for obtained design values in 

TABLE III. with 6.78 MHz Frequency.  

C. Optimization Results with Capacitance and Frequency 

Design Variables.  

In this sub-section, we present results when the optimization 

considers only two design variables: capacitance (C) and 

frequency (ω). The numerical values for other components are 

shown in TABLE IV.  

TABLE IV.  COMPONENT VALUES FOR OPTIMIZATION WITH CAPACITANCE 

AND FREQUENCY AS DESIGN VARIABLES 

Parameter Value Parameter Value 

1L  22 μH 2K  0.12 

2L  11 μH 3K  0 

3L  9 μH sR  1 Ω 

1 2 3R R R   0.01 Ω 

 

1LR  

 

8 Ω 

1K  0.09 2LR  15 Ω 

 

By substitute the component values from TABLE IV. to 

equation(13), we obtain the objective function in (17).  
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(17) 

 

The optimization was performed using NSGA-II with 500 

population size and 200 generations configuration.  The results 

have 192 solutions, as presented in Fig. 8. 



 

 

 

Fig. 8. Optimization  Results for Objective Functions in equation (17) Using 

Numerical Values in TABLE IV.   

 

 

TABLE V.  FIG. 8 DECISION MAKING RESULTS 

Decision 

Making 

Objective Values Design Values 

1f  

(Watt) 

2f  

(Watt) 

C  
(F) 

Frequency  
(Hertz) 

Pseudo-

Weight 

0.1
1f  

0.9
2f  

0.06 0.13 18.45n 251.93k 

Pseudo-

Weight 

0.5
1f  

0.5
2f  

0.06 0.14 11.6n 317.95k 

Pseudo-

Weight 

0.9
1f  

0.1
2f  

0.05 0.17 2.59n 674.74k 

 

 
 

Fig. 9. LTSPICE Results Plotted using Python for obtained design values in 0  

D. The Proposed WPT Circuit with The Common WPT 

Circuit Comparison.  

This section performed the comparison of the proposed 

circuit in Fig. 1 with the common WPT circuit in Fig. 2 using the 

component configuration in TABLE VI.  [5].  

TABLE VI.  COMPONENT VALUES FOR SCENARIO 1 

Parameter Value 

1 2 3L L L   22μH 

1 2 3R R R   0.01Ω 

1 2M M  5μH  

3M  0 

sR  1Ω  

1 2L LR R  8Ω 

 

By substituting TABLE VI. to equation (9), we obtain the 

objective function (18). The
1f and 

2f  are equal since both 

receivers have identical component values. The performed 

optimization obtains C = 21.4 nF and a frequency = 243.89 kHz 

with 
1 2 0.12f f   Watt. The AC analysis (1-Volts voltage of 

the voltage source) simulation is plotted in Fig. 10 and shows a 

0.12-Watt power obtained by both 
1LR  and 

2LR . 
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(18) 

 

With common WPT circuit in Fig. 2, we use the idea of 

resonance calculations (8) by configuring 1 2 3 110C C C    

nF and frequency =102 kHz. Then, we perform the simulation 

using The LTSPICE AC analysis (1-Volts voltage of the voltage 

source) with frequency swept from 50-150 kHz. The results are 

plotted in Fig. 11, where 0.10-Watt power is obtained by the 

1LR  and 2LR . 



 

 

 

Fig. 10. Power at 
1LR and

2LR using proposed circuit and optimization 

method with C=21.4 nF and freq=243.89 kHz (Obtained from LTSPICE 

simulations) 

 

Fig. 11. Power at 
1LR and

2LR in Fig.2 circuit and idea of resonance 

calculation using 
1 2 3 110C C C    nF. (Obtained from LTSPICE 

simulations) 

V. DISCUSSIONS 

This study has presented a high power WPT system using 

single capacitor compensation on the primary circuit. The 

objective function is obtained through the system model and 

tested using several design spaces to answer the WPT design 

challenges. The optimization has been performed with PyMOO 

tools with NSGA-II using 500 populations and 200 generations. 

Since the optimization conducted using two objective functions, 

the obtained solutions can be more than one. Therefore, a 

decision making using fair 0.5 1f -0.5 2f  pseudo-weight is 

chosen. If there are changes in priority due to the system 

requirements, the weight can be changed as in Fig. 8. Then the 

LTSPICE simulation conducted using the AC analysis using 

1-Volt source voltage and plotted using Python programming.  

TABLE VII.  DECISION MAKING RESULTS COMPARISON IN DIFFERENT 

DESIGN SPACES SELECTION 

Design Spaces  

Optimum Objective 

Values Optimal Design 

Values 1f  

(Watt) 

2f  

(Watt) 

C, ω, 
12K  

Pseudo-weight=0.5
1f

-0.5
2f  

0.09 0.15 

C=10.2nF 

freq= 343.01 kHz 

12K =0.16 

C, 
1L , 

12K  0.09 0.15 

C=56.2pF 

1L =10.65μH 

12K =0.19 

C, ω 

Pseudo-weight=0.5
1f

-0.5
2f  

0.06 0.14 
C=11.6nF  

freq =317.95kHz 

 

The optimization results on the three design space variables 

(C, ω, 
12K and C, 

1L ,
12K ) show that all solutions have a 0.24 

-Watt (addition from 
1f and

2f ). The conclusion for both 

optimization results has been shown in TABLE VII. By 

comparing the total optimum objective values in 
1f  and 

2f  for 

every solution on design variables scenario, it can be concluded 

that the optimum value can be obtained from the three choices 

of design spaces, which are C, ω, 
12K and C, 

1L ,
12K . 

Compared with the common WPT circuit, this study 

conducted a comparison using the same component values 

except for the capacitor and frequency components. Our results 

show higher power absorbed by both receivers. The common 

WPT circuit with the idea of resonance and selected capacitor 

and frequency values are not working on the operational point 

conditions. Therefore, even though resonance can be calculated 

using (8), an optimal operating points search should be 

considered in any kind of circuit to obtain high power.   

The proposed approach has currently focused on a 

series-series WPT circuit from the optimization of components 

design variables, whereas there are possibilities that higher 

power can be achieved at some operating points on other forms 

of architecture. In the future, the mathematical model in the 

other forms of architecture may be derived using our approach 

in obtaining transfer function. Then, the optimal high-power 

operating points can be compared between architectures in 

order to get the highest power WPT system. 

Our current system is supplied by one voltage source with one 

frequency. In the future, it is also important to consider whether 

each of the load receiver able to absorb power delivered using 

many frequencies from many voltage sources. Therefore, our 

current system model should be improved by adding 

multi-frequency source analysis.  

 

 

VI. CONCLUSIONS 

In this paper, we have proposed a high-power WPT system 

with single capacitor compensation on the primary side for 



 

 

multiple receivers. Our approach has been initialized with the 

derivation of the mathematical model of the system consisting 

of two load receivers and transfer functions from the input 

voltage to the average powers at two receivers are used in the 

objective function. The problem sets have been defined from the 

selection of design variables and optimized using NSGA-II. The 

optimization has been conducted in three WPT design variables 

selection, which are: 1) Optimal operating capacitance, 

frequency, and coupling. 2) Optimal operating capacitance, 

primary coil inductance, and coupling. 3) Optimal capacitance 

and frequency.       

The optimization results have shown that the three design 

space variables selection (C, ω, 
12K and C, 

1L ,
12K ) have a 

maximum power achieved (0.24-Watt). Based on the 

simulation, the proposed system load receivers absorbed higher 

power than the common WPT circuit using the idea of 

resonance by 20%. Therefore, our proposed system works at 

optimal operating points, even though it lacks symmetry and 

does not using the ideas of resonance.   
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