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Abstract- In this study, the efficiency of the WPT (Wireless Power Transfer) system is aimed to be maximum by optimizing 

the objective function relating with efficiency and this is achieved by using Genetic Algorithm (GA) approach.  Parallel to 

the efficiency, the objective function includes restrictive parameters such as loss, cost and coil geometry.  Due to the 

complexity of the system, the solution of the objective function cannot be analytically analyzed. For this reason, Genetic 

Algorithm was used to determine the design characteristics and limit values for the solution of the objective function. 

Through this work, the high efficiency coil parameter is found by using Genetic Algorithm with the specified and 

constructed parameters. 
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I. INTRODUCTION 

 

Wireless energy transfer is the transfer of power with 

high efficiency to long distances without any contact 

or physical connection such as cable [4]. Wireless 

energy transmission ensures high reliability due to the 

fact that no physical connection is needed. 

 

In recent years, there has been an increasing interest 

in the field of wireless energy transmission as it has 

many advantages. In the field of wireless energy 

transmission successful studies are carried out in 

many areas such as cellphone, electric toothbrush 

battery or laptop chargers, medical fields, robots, 

electric vehicle supplies, battery chargers etc. In 

general, studies aim to increase efficiency and reduce 

the system losses. Efficient and innovative solutions 

can be achieved by applying this technology 

especially in wireless energy transfer systems. 

 

Studies on wireless energy transmission have recently 

focused on electric vehicles due to technological 

developments. Although not yet sufficiently 

successful in this area, studies are continuing. In the 

future, many advantages can be achieved by applying 

wireless energy transmission to electric vehicles. 

 

Structure of energy transfer applications in electric 

vehicles are presented in Fig.1. There are different 

modules used in wireless energy transmission 

systems in electric vehicles such as primary and 

secondary pads, converters, coils, controllers etc. The 

basic principle is the maximum power transfer from 

transmitter (Tx) to receiver (Rx) by using two coils 

(source and load coils) at the resonant frequency. 

The reason for the two coils to be in the resonance 

frequency is that the current and voltage must be in 

the same phase for maximum power transmission. 

The system must operate at resonance frequency so 

that the reactive power is zero. 

 
Fig.1. Structure of Power Transmission System in Electric 

Vehicles. 

 

Many of the papers published in recent years about 

wireless energy transfer system are concentrated on 

increasing the efficiency of power transfer between 

the primary and the secondary side coils [5, 6]. The 

efficiency of power transfer depends on parameters of 

the modules used in the system such as; coils, coils 

alignment, environment conditions and multi-

transmitter and / or receivers [3]. The parameters of 

modules and their design include significant 

importance. Many designs such as power electronic 

design or structural design have been proposed in the 

literature since the efficiency depends on many 

parameters as mentioned above. 

The coil geometry is a strong parameter among the 

corresponding parameters affecting the efficiency and 

performance of the energy transmission system [1, 2]. 

Researches and studies are going on design of coil 

geometry to achieve better performance and high 

transmission efficiency. 

There are different studies published on the effect of 

coils shape on power transfer and the efficiency of 

power transfer system. Recently, different shapes of 

coils such as rectangular, circular and square have 

been studied and analyzed in literature [1, 12, 13]. 

There are also studies using different settlements and 

materials. Aluminum backplate is placed under the 

ferrite to reduce losses caused by Eddy currents [7].  

Various shielding configurations have been proposed 

to ensure that the flux is guided [11].  To increase the 
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magnetic coupling, it is recommended to install coil / 

coils between the primary and secondary pads [5].  

Alignment of the coils is also a parameter affecting 

the efficiency and there are studies in the literature 

for misalignment [8, 14]. In the ideal case the centers 

of the receiver and transmitter coils are considered to 

be aligned. In practice, however, the transmitter coil 

on the ground with the receiver located underneath 

the vehicle can not exactly align because of the 

wrong parking etc. The alignment may slip in the 

lateral, angular or both lateral and angular 

(incorporated misalignment) plane [8]. Power 

transmission is greater in the absence of 

misalignment. The system should be designed in such 

a way that, in the case of alignment errors, the system 

does not reduce the power transmission efficiency. 

Coil geometry depends on many parameters such as 

coil shape, number of turns, material, inner and outer 

diameter of the coils, gap between the coils etc. [1]. 

In this study, the aim is to optimize the coil geometry 

parameter especially by investigating the factors 

affecting the output power. In order to obtain 

maximum efficiency using genetic algorithm method, 

coil geometry parameters were examined. The effects 

of core and core losses were also investigated. 

 

II. MODELLING OF THE WPT SYSTEM 
 

There are various circuit topologies in the literature. 

In this study ICPT (Inductive Coupling Power 

Transfer) topology, which is the most convenient way 

for transferring energy to short distances and is most 

suitable for use in electric vehicles, has been 

proposed. Additionally, Compensation has been 

proposed to increase power factor and efficiency [7]. 

There are four compensation topologies for this 

purpose in the literature: Serial - Serial (SS), Serial - 

Parallel (SP), Parallel - Serial (PS), Parallel - Parallel 

(PP). SS topology was used in this study. 

The block diagram in Fig. 2 shows typical WPT 

system [1]. 
 

 
Fig.2. Block Diagram 

 

Equivalent circuit: 

As shown in Fig.2, the system consists of two 

magnetic-bonded coils (source and load coil), self 

inductance of source and load (Ls, Ll), compensation 

capacitors (Cs, Cl), electric currents in the 

transmitting (Is) and the receiving (Il), central 

distance between two coils (z, transfer distance) 

external excitation voltage (Vs) and mutual 

inductances between the two coils (Ms, Ml). 

Parameters such as self-inductance (L), mutual 

inductance (M), quality factor (Q), magnetic field 

density (B) are important parameters that determine 

system performance. These parameters are described 

below [1]. The designed coils are evaluated according 

to these parameters. 
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We consider that source coil with radius rs and 

number of turns ns, load coil with radius rl, and 

number of turns nl, distance between source and load 

coil is z. 

 

III. OPTIMIZATION 

 

Optimization is the process of searching and finding 

the most optimum solution or solutions of a problem 

under certain conditions. Optimization technology 

provides effective analysis to solve many different 

problems in the process of speeding up decision 

making and improving decision quality. 

Genetic Algorithm is an optimization method based 

on natural selection and evolution theory. Genetic 

algorithm begins with multiple candidate solutions. 

Each candidate solution is called chromosome. 

Population consists of all candidate solutions 

(chromosomes). Natural selection, Crossover and 

Mutation methods are applied to determine the 

surviving individuals in the population. Individuals 

who are formed at the end of each iteration are 

considered the best solution. 

In this study, geometric parameter analysis of the 

coils used in WPT applications was done by using 

Genetic Algorithm. Cost, size, weight, electrical rates 

etc. can be used as optimization criteria in Genetic 

Algorithm. The relationship between design 

parameters and efficiency is not linear. There is no 
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uniform formula in the literature describing the 

efficiency formula [10]. Researchers define efficiency 

according to the parameters they want to see. 

The most important consideration in wireless power 

transmission systems is the power transfer efficiency 

and the distance between the coils. Self-inductance 

and mutual inductance are parameters that determine 

system performance and depend on coil geometry. In 

this study, the geometric parameter analysis of the 

coils is based on Mutual Inductance (M) and self-

inductance (L) defined in the previous section. In the 

cost function, it is aimed to maximize efficiency 

considering the cost function parameters such as, 

mutual and self inductances (M, L) and the other 

parameters. Many parameters change with the change 

of the mutual inductance value. Therefore, it is 

assumed that other parameters remain constant. The 

losses and weight increase when the core is used in 

the system. The optimum distance between the coils 

(z) is also determined by considering the core losses 

according to different core types. By making 

normalization, the contribution of each parameter to 

system performance was taken into account. Circular 

coil is used in this study. It is assumed that the coils 

are aligned in the center axis and are considered as 

identical. 

The loss of the ferrite core can be expressed as: 

 

Pcore = kf αBmax
β

  
 

Where k, α,β are Steinmetz constant which depend 

on the core properties. In this study, FDK 6H40 has 

been designed. 

 

Free Factors are presented in Table-1. 

 

Geometric Parameter Min. Max. 

Number of turns of the coil 5 20 

Radius of the coil (mm) 10 250 

Distance between coils 50 250 
Table 1 

 

The optimization parameters are presented in Table-

2. 

 

Population size 100 

Cross-over probability 

(pcross) 
0.9 

Mutation probability 0.05 

Number of generations 100 

Total optimization time (h) 3.5 
Table 2 

 

The cost function considered in this study was solved 

in Matlab for different cases of coils with and without 

core. 4 different results obtained in 100 iterations are 

given in Table-3 and Table-4. It is a known fact that 

the use of core enhances mutual inductance , self-

inductance and other parameters. Thus the efficiency 

increases when the core is used. In this study, only 

the core losses are observed because other efficiency 

parameters affected by the core are kept constant. The 

effect of using core in the coils were observed as 

follows. It is observed that self-inductance and 

Mutual Inductance decreases with using core.  In 

addition it is observed that the optimum distance 

between coils is approximate 154 mm in order to 

have maximum efficiency in the specified conditions. 

When the core was used, it was observed that this 

distance decrease to 120 mm due to impact of core 

losses. 

 

Mutual Inductance (M) Inductance (L) 

0.0578 0.0623 

0.0583 0.0626 

0.0580 0.0621 

0.0591 0.0628 

Table 3 Results (without core) 

 

Mutual Inductance (M) Inductance (L) 

0.0554 0.0601 

0.0550 0.0618 

0.0565 0.0610 

0.0569 0.0606 
Table 4 Results (with core) 

 

IV. CONCLUSIONS 

 

In this paper, the optimum values of the parameters 

such as radius (r), distance between coils (z) and 

number of turns (n) affecting the efficiency are 

determined by GA. In addition, the effect of core is 

examined and the optimum distance between coils 

was also determined for adding different core types. 

In the next study, different core types such as TDK 

PC44, PC 47, FDK 6H40, 6545 will be examined and 

their effects on the system will be compared. 
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