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ABSTRACT 
 
For electromagnetic induction wireless power transmission using an elliptical receiving coil, we 
investigated changes in magnetic field distribution and power transmission efficiency due to 

changes in the position of the transmitting and receiving coils. The simulation results using the 

high-frequency structure simulator were compared with the actual measurement results. It has 

been shown that even if the alignment between the transmitting coil and the receiving coil is 

changed to some extent, the transmission efficiency on the simulator can be maintained 

relatively stable. The transmission efficiency showed the maximum when the center of the 

receiving coil was perfectly aligned with the center of the transmitting coil. Although the 

reduction in efficiency was small when the center of the receiving coil was within ± 10 mm from 

the center of the transmitting coil, it was found that the efficiency was greatly reduced when the 

receiving coil deviated by more than 10 mm. Accordingly, it has been found that even if the 

perfect alignment is not maintained, the performance of the wireless power transmission system 
is not significantly reduced. When the center of the receiving coil is perfectly aligned with the 

center of the transmitting coil, the transmission efficiency is maximum, and even if the 

alignment is slightly changed, the performance of wireless power transmission maintains a 

certain level. This result proposes a standardized wireless transmission application method in 

the use of wireless power for implantable sensors. 
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1. INTRODUCTION 
 

Wireless power transmission devices have been applied to many medical devices that can be 

inserted into the human body Inductively coupled wireless power transmission using 
electromagnetic induction is increasingly being applied to medical electronic devices[1-3]. There 

is an increasing demand for small electronic devices such as microneural stimulators, cochlear 

implants, and pacemakers[4-6]. As the size of the device decreases, there is a need to minimize 
the volume by reducing the size of the coil for power transmission. Therefore, realizing an 

efficient coil structure within a limited area is a very important task in wireless power 

transmission[7, 8].  
 

Although various wireless power transmission technologies have been developed so far, they 

have not yet been commercialized except for some non-contact induction coupling methods. In 
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the past, some studies have been made to use microwaves, such as 5.8 GHz, to transmit large 
powers of several tens of watts or more, but they are not actively commercialized due to the 

influence on the human body and the directivity due to the use of high efficiency antennas[9-11]. 

Particularly, the wireless transmission system that can be used for human body has little progress 

in development due to the problem of safety due to electromagnetic waves of wireless 
transmission. Wireless charging using magnetic induction phenomenon is performed in a short 

distance of a few millimeters, and it is possible to use a small-sized device of 3 W or less, and it 

is known that it can be applied to a human body by use of relatively low energy. However, the 
charging efficiency is extremely low due to a short receiving distance and a large amount of 

heat[12, 13]. 

 
The purpose of this study is to develop a wireless sensor that can be used in human body and 

applied it to wireless electrocardiogram. The wireless ECG sensor is a power supply method by 

the wireless power transmission technology through electromagnetic induction between a pair of 

coils. The transmitting coil and the receiving coil form a pair, and the electromotive force 
induced in the receiving coil by the magnetic field generated when the current is supplied to the 

transmitting coil supplies the DC power to the circuit connected to the receiving coil. In this 

process, we will evaluate the theoretical considerations of wireless power transmission system 
and the power transmission characteristics through simulation[14]. 

 

In this study, the theoretical considerations of the wireless power transmission system and the 
power transmission characteristics were evaluated through simulation. 

 

2. MATERIAL AND METHOD 
 

2.1. System mode 
 

The magnetic field analysis is determined by the size and shape of the transmitting and receiving 

coils.  Induction current and voltage are evaluated according to the gap between the transmitting 
coil and the receiving coil. Computer analysis simulations were performed using the finite 

element method (FEM).   

 

 
 

Figure 1. Round transmitting coil (Tx coil, left) and elliptical receiving coil (Rx coil, right). 
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Figure 2. Wireless power transmission system. The circuit in which the transmitting coil (L1) and the 

receiving coil (L2) are combined is the equivalent circuit of the transmitting and receiving coils (L1-L2). 

 

Transmitting coil (L1) and receiving coil (L2) use capacitance for L-C resonance to simulate 
electromagnetic induction in wireless power transmission. Capacitance C1 was connected in 

series to L1, and capacitance C2 was connected in parallel to L2. The total resistance of the 

transmit and receive coils and circuits is R1 and R2 (Figure 1 and 2).  The two circuits that are 
magnetically coupled appear as a coupling factor that normalizes the mutual inductance or the 

mutual inductance for each coil. The delivered power can be calculated by the power delivery 

efficiency and the load of the receiving circuit. 
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At this time, the power PL transmitted to the load of the receiving circuit can be obtained as 

follows. 
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2.2. FEM modelling 
 

ANSYS Company's High Frequency Structure Simulator (HFSS) was used for finite element 

analysis of electromagnetic fields. HFSS can be used to simulate electromagnetic fields and 

electronic circuits in all frequency domains. Therefore, the electromagnetic field generated by the 
coil can be simulated even if the coil for wireless power transmission is connected to the L-C 

resonant circuit. The simulation shows the phenomenon that the transmitting and receiving coils 

resonate at 13.56 MHz, and the degree of activity of the magnetic field formed inside the 
transmitting and receiving coils. In addition, the evaluation of the voltage and power of the 

receiving coil is confirmed by the distance between the transmitting coil and the receiving coil, 

and the alignment between the transmitting coil and the receiving coil. 
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Figure 3. Modeling the transmitting coil (orange) and receiving coil (yellow). 

 

 
 

Figure 4. Convergence test for magnetic field strength as the size of the system simulation increases. 

 

Wires with a circular cross section diameter of 0.5 mm require a long time to generate mesh and 

simulation of FEM. Therefore, you can convert a circular cross section into a rectangular cross 
section of the same area to model the wire as a rectangle with a length of 0.44 mm.  

 

The transmitting coil (Tx coil) is a 5 cm round coil, modeled in the form of a 5th winding, and 
the receiving coil (Rx coil) is modeled as a 5th winding with an elliptical coil with a long axis of 

3 cm and a short axis of 0.7 cm. Orange indicates the transmitting coil and yellow indicates the 

receiving coil (Figure 3). 
 

While determining the size of the space for simulation, by increasing the boundary between the 

magnetic field strength and the inductance value at a specific location, even if the boundary 

increases, the value of the magnetic field strength does not change. Inductance convergence is set 
as the optimal boundary that satisfies both efficiency and accuracy. The size suitable for 

simulation was determined to be 500 mm (Figure 4). 
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Figure 5. 13.56MHz resonance check for transmit (orange) coil (top) and receive (yellow) coil (bottom). 

 
In order to attach a capacitor for resonating at 13.56 MHz to each of the transmitting coil and the 

receiving coil, a two-port model was selected among the options available in HFSS. After 

calculating the resonant capacitance from 
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, based on the calculated value, the 

capacitance value was changed little by little to find the correct capacitance value at which 

resonance occurred at the desired resonant frequency (Figure 5). 

 

2.3. Simulation and verification of ECG sensor 
 
The distribution of magnetic field (H-field) is as follows when 13.56 MHz AC current is applied 

to the transmitting coil and the receiving coil is located at a certain distance on the Z axis. In 

addition, the power transmission efficiency was determined according to the relative position of 

the transmit / receive coils as well as the formed magnetic field(Figure 6). 
 

 
 

Figure 6. Distribution of magnetic field formed when 13.56 MHz alternating current flows through the 

transmitting coil: (top) contour plot, (bottom) vector plot. 
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Figure 7. Changes in power transmission efficiency as the distance between the transmitting coil and the 

receiving coil increases (top) and frequency (bottom) 

 
The simulation results show that the power transmission efficiency at each distance. When the 

distance between coils is 5 mm (minimum distance in the graph below), the transmission 

efficiency is about 2.74%. The power transmission efficiency according to the frequency change 
around 13.56 MHz. It has the maximum transmission efficiency at the resonance frequency of the 

transmitting / receiving coil, and the transmission efficiency is decreased at a frequency other 

than the resonance frequency (Figure 7). 

 

2.4. Variations due to misalignment when coil-to-coil misalignment 
 
The change in the magnitude of the magnetic field in the case where the center of the receiving 

coil and the transmitting coil are perfectly aligned (misalignment is zero), the transmission coil is 

shifted 5 mm in the major axis direction of the ellipse until it becomes 25 mm. The change of the 

power transmission efficiency when the receiving coil is moved in the major axis direction and 
the alignment turn aside. At this time, the distance between the transmitting and receiving coils in 

the Z-axis direction was fixed to 5 mm. In a perfectly aligned state, the transmission efficiency is 

about 1.85%, and the transmission efficiency is decreased as the degree of misalignment 
increases. However, there is no significant difference in transmission efficiency until the 

alignment is changed by about 10 mm (Figure 8). 

 

 
 

Figure 8. When the alignment of the transmitting coil and the receiving coil is different in the long/short 

axis direction of the receiving coil. 
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Figure 9. Power transmission efficiency. 

 
The change of the magnetic field by the alignment was changed moving the transmission coil by 

0 mm to 25 mm in the minor axis direction of the ellipse. The change in power transfer efficiency 

when the receiving coil was moved in the uniaxial direction and the alignment is wrong. The 
distance in the Z-axis direction between the transmitting and receiving coils is fixed at 5 mm, and 

the transmission efficiency is the highest in a perfectly aligned state. As the degree of 

misalignment increases, the transmission efficiency decreases. However, it can be seen that there 

is no significant difference in transmission efficiency (Figure 9). 
 

2.5. Verification through experiments 
 

In order to verify the wireless power transmission through the simulation, we performed actual 

experiments. For the experiment, a transmission coil with a circular shape with a diameter of 5 

cm and an elliptical shape with a long axis/short axis of 30 mm/7 mm were fabricated. Both the 
transmitting and receiving coils were coated with copper wire having a diameter of 0.5 mm, and 

the number of turns of the coils was set to 5 times. The inductance of the fabricated coil was 

measured to be 2.8 μH for the transmit coil and 0.6 μH for the receive coil. The resonant 
capacitance used to resonate the transmit and receive coils at 13.56 MHz was 37 pF and 228 pF, 

respectively. 

 

This is an experiment in which the voltage value obtained at the receiving coil is measured while 
the distance between the coils is changed while the input to the transmitting coil is constant using 

the transmitting/receiving coil. And the result of measuring the voltage and power obtained from 

the receiving coil according to the distance between the coils. The power transmission efficiency 
was calculated as described. 

 

Transmission efficiency: η(%) = (PL / PS) * 100 
The power at the load of the receiving coil: PL = (Vpk)2 / 2RL 

Power in the transmit coil: Ps = Vs * Is 
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Table 1. Power transmission efficiency. 

 

Distance 

(mm) 

Vp 

(V) 
VR_Tx (V) 

Is 

(A) 

Ps 

(W) 
PL(W) 

Power efficiency 

(%) 

5 7.3 1.46 0.146 0.73 0.026645 3.65 

10 6.7 1.48 0.148 0.74 0.022445 3.033108108 

15 5.9 1.52 0.152 0.76 0.017405 2.290131579 

20 4.8 1.56 0.156 0.78 0.01152 1.476923077 

25 3.28 1.6 0.16 0.8 0.005379 0.6724 

30 2.8 1.62 0.162 0.81 0.00392 0.483950617 

35 2.3 1.62 0.162 0.81 0.002645 0.32654321 

40 1.84 1.6 0.16 0.8 0.001693 0.2116 

45 0.82 1.62 0.162 0.81 0.000336 0.041506173 

50 0.85 1.62 0.162 0.81 0.000361 0.044598765 

 

As a result, when the distance between the transmitting and receiving coils is 5 mm, the voltage 

of the receiving coil (using 1 kΩ) was 7.3 V, the power was 26.6 mW, and the power 
transmission efficiency was 3.6%. When the distance between the coils is 20 mm, the voltage, 

power, and transmission efficiency at the rod of the receiving coil were 4.8 V, 11.5 mW, and 

1.5%, respectively. If the actual load (IC chip of various amplifiers) to which the receiving coil 
will transmit power requires 3.3 Vdc operating power, if a full-wave rectifier is used to convert 

the induced AC voltage to DC voltage, When the input exceeds 4.8V, the 3.3V DC voltage can 

be generated sufficiently. In other words, if you use the same coils as those used in this 
measurement, you can conclude that the transmit and receive coils can supply enough voltage and 

power even when they are 2 cm apart. 

 

2.6. In vivo model validation 
 

Fiteen healthy adult male SD rat (Sprague–Dawley rats) weighing 350–390 g were implanted 
with ECG sensors, and activated. The sensor between the peritoneal epithelium and the skin 

tissue, and approximately four weeks were allowed for the wounds at the surgical site to heal.  

 

The wireless power system received signals from the sensor containing the ECG electric power 
supply, to transmit to an external monitor via Bluetooth. The display system consisted of an ECG 

signal output using a smartphone. The experiments were performed in accordance with the 

guidelines outlined in the Declaration of Helsinki, and were approved by the Ethic Committee of 
Keimyung University (Approval number, KM-2015-20R1). The transplanted ECG sensor showed 

a normal signal and confirmed that the experimental animal showed a pattern similar, less than 

5% difference, to the simulation result of the wireless transmission in the fixed state (Figure 10). 

 

 
 

Figure 10. ECG sensor verification using in vivo model and wireless signal transmission. 
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3. DISCUSSION 
 
As the population ages and the welfare increases, research on implantable medical devices is 

being actively conducted, and products that provide more diverse functions are being released. 

On the other hand, the power consumption of implantable medical devices is increasing due to 

various functions, it is not possible to supply sufficient power with only the primary battery. In 
this study, the efficiency of a wireless power transmission system using a magnetic induction 

method was investigated. Computer modeling was used to verify the effectiveness of ECG 

detector power transmission, and to determine the applicability of the human body using a 
magnetic induction wireless power transmission system, we applied it to animal models using 

mice. As the required functions of implantable devices are diversified, power usage time is 

shortened and the restart cycle for power replacement is shortened, which increases the additional 

cost and physical and psychological burden. The development of a sustainable power module that 
reduces the cost and psychological burden of these additional surgeries is an essential technology 

enabling functional implementation of medical devices for human implantation[15-17]. 

 
The market for implantable medical devices is growing rapidly. Implantable medical devices are 

increasingly being applied to various disease treatment fields to help human weak functions, and 

power modules are increasingly needed for active treatment through devices. As research on 
wireless power transmission technology has been actively conducted, many attempts have been 

made to apply a method using electromagnetic waves, such as an electromagnetic induction 

technique or a magnetic resonance method, which is commercialized in electronic products to 

human insertion devices. However, the low-frequency method has a low absorption rate of the 
human body, a short transmission distance, and the high-frequency method has a high absorption 

rate of the human body, causing a temperature increase in skin tissue[18, 19]. 

 
The magnetic induction wireless transmission system used in this study receives electric 

induction between the transmitter coil and the receiver coil. When a magnetic field is generated 

in the transmitter coil, the receiver coil receives the magnetic field to induce electric power. This 
method has a high transmission efficiency of 90% or more, but the transmission distance is very 

short in several millimeters, and if the centers of the coils are not aligned with each other, the 

transmission efficiency is greatly reduced. However, it is known to be most suitable for 

application in the medical field due to its high safety and efficiency compared to the magnetic 
resonance method and electromagnetic wave method[20]. The results of this study can be used as 

a model of a power transmission system such as a human implant sensor using magnetic 

induction. The limitations of this study did not reflect animal movement for in vivo 
transplantation. In order to effectively apply the results of this study, it is necessary to verify the 

wireless power transmission efficiency for the movement of the detector. 

 

IEC TC106 discusses the evaluation and measurement methods of electromagnetic human body 
exposure to radio power, and implantable medical devices have become a big issue in terms of 

safety[21-23]. Various wireless charging techniques may fail to reach commercialization because 

of possible hazards to the human body. High frequency and high power can induce human injury 
in implant application, too low output causes problems in operation of implant. In order to solve 

such a problem, it is possible to operate at low power and an electromagnetic wave environment 

within the human body protection standard is required. The development of miniaturization with 
lower power and the development of low-power-based implants is needed. In addition, strong 

electric fields and magnetic fields can lead to malfunctions of active implant devices such as 

artificial heart pacemakers, artificial eyes, and artificial heart, and problems must be solved[24-

26]. 
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In this study, we investigated the distribution of the magnetic field and the power transmission 
efficiency according to the relative position between the transmitting and receiving coils when 

the electromagnetic induction type wireless power transmission is implemented using the 

elliptical receiving coil through the simulation study. If the coil is wound five times with the coil, 

the voltage that the coil can transfer to the load is more than 4.8V, which is enough to drive the 
IC with 3.3V operating voltage. And the transmission efficiency at this time is about 1.5%. 

 

It is necessary to develop a variety of implants that can operate at low voltage, and to study the 
resistance to near field of active implant devices such as pacemakers and artificial eyes that 

should be mounted in the human body and various studies on low frequency band interference. 

 

4. CONCLUSION 
 
Through the simulation study, we have investigated how the distribution of magnetic field and 

the power transmission efficiency of the magnetic field formed according to the relative position 

between the transmit / receive coils change when the electromagnetic induction type wireless 
power transmission is implemented using a receive coil having an elliptical shape. The simulation 

using HFSS is relatively consistent with the actual measurement results, and can be usefully used 

for wireless power transmission simulation. When the center of the receiving coil is perfectly 
aligned with the center of the transmitting coil, the transmission efficiency is maximum, and even 

if the alignment is slightly changed, the performance of wireless power transmission maintains a 

certain level. 
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