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I. INTRODUCTION 

Wireless power transfer (WPT) is currently applied in vari-

ous fields because of its convenience, safety, and aesthetics [1–5]. 

WPT technology is essential in the medical field for operations 

of human-implantable medical devices such as artificial organs. 

In addition, WPT technology has already been widely used in 

electronic devices such as mobile phones to eliminate the hassle 

of the cable connections for charging and damage to cable pins. 

In particular, the advantage of being able to charge objects 

without specific human behavior encourages research to apply 

WPT to more diverse fields. 

Electric vehicles (EVs), which have emerged to solve envi-

ronmental pollution problems and fossil fuel depletion problems, 

are among the most suitable systems in which to apply WPT. If 

WPT technology is applied to EVs, it can reduce the driver’s 

dependence on driving and charging along with autonomous 

driving technology. The SAE-J2954 regulation related to WPT 

for EVs has already been enacted, and some vehicle companies 

and universities have already developed and operated EVs with  
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Abstract 
 

Wireless power transfer (WPT) technology has been applied to fields as diverse as medical, electronic devices and transportation because 

of its convenience, safety and aesthetics. In particular, electric vehicles (EVs) that have emerged to replace internal combustion engines, 

which cause environmental pollution problems, are most suitable for applying WPT. Not only does convenience increase by eliminating 

charging cables, but the issue of heavy batteries can also be resolved by using dynamic WPT technology, which allows charging of batter-

ies while driving. Furthermore, if dynamic WPT technology and autonomous driving technology are applied together to EVs, the driver’s 

convenience with regard to charging as well as driving will be greatly improved. In this paper, we propose a multi-purpose sensor coil system 

for use with dynamic WPT in an EV. Sensor coils detect any misalignment between the source coil and the load coil that occurs while the 

vehicle is being driven. Furthermore, the proposed system uses sensor coils and ferrite bars to transfer information, such as the lanes which 

vehicles are being driven. By transferring information, the proposed system can provide the benefits of autonomous driving technology as 

well as WPT technology. We theoretically analyze the proposed method and confirm that it can play two roles through simulations and 

experiments. 
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 WPT [6]. 

Among the various WPT methods currently available, the 

inductive power transfer (IPT) method is mainly applied to 

vehicles due to its small volume and high efficiency. The IPT 

method transfers power from a source coil to a load coil via a 

magnetic field [7]. As shown in Fig. 1, the IPT system applied 

to EVs has a source coil installed on the road and a load coil 

attached to the bottom of the vehicle. When the magnetic field 

from the source coil passes through the load coil, voltage is in-

duced in the load coil. If the source coil and load coil are aligned 

correctly, as shown in Fig. 1, the induced voltage on the load coil 

reaches its highest level. However, if a misalignment occurs 

between the load coil and the source coil, the magnetic flux 

passing through the load coil decreases, resulting in a decrease in 

the induced voltage and a decrease in the power transfer efficiency 

[8]. Furthermore, the occurrence of misalignment exacerbates 

these type of electromagnetic field (EMF) problems due to leaks 

of the magnetic field. 

Both static WPT, in which the vehicle is stopped and charged, 

and dynamic WPT, in which the vehicle is charged while driving, 

make it difficult for a person to align the vehicle with the source 

coil installed on the road. Therefore, the vehicles are equipped 

with assistive devices such as cameras, LIDAR (light detection 

and ranging) and GPS (global positioning system) to aid in 

alignment. These assistive devices have the disadvantage of not 

working properly in poor weather conditions and in places where 

satellite signals such as tunnels are not received, but they are 

essential devices in relation to autonomous driving technology, 

which requires considerable amounts of information for safe 

driving [9].  

In this paper, we propose a method that detects misalignment 

between the source coil and the load coil using small sensor coils 

that work well even in the problem situations mentioned above 

and a method to transfer information that can augment autono-

mous driving. Specifically, we propose a method by which transfer 

the information essential for autonomous driving, such as the 

lanes in which vehicles are being driven, but which is thus far 

difficult to verify due to GPS errors. 

II. OPERATING PRINCIPLES OF THE PROPOSED SENSOR 

COIL SYSTEM 

1. Sensor Coil 
The sensor coil acts as a sensor with a small loop. As shown 

in Fig. 2, sensor coils are also affected by Faraday law, like a 

load coil, because they form a loop. The sensor coils for WPT 

systems have previously been proposed in other papers [10–15]. 

In one paper [10], the author proposed a method to detect lateral 

misalignment of the load coil using two sensor coils. The direc-

tion and magnitude of the misalignment were detected through 

the voltage difference induced on two sensor coils wound ahead 

of the load coil. In a paper published a few years later, a single 

sensor coil was used to detect lateral misalignment of the load 

coil [11]. In addition, unlike the previous studies, the sensor 

coils were also wound around the source coil rather than the 

load coil to confirm the location of a train [12]. The location of 

the train was determined by the voltage change that occurred in 

the sensor coil when the load coil attached to the train passed 

the source coil. 
The main difference from the use of sensor coils in previous 

studies is the shape of the sensor coil and its role. In previous 

studies, the sensor coils were wound in the load coil or source 

coil, meaning that only a small amount of magnetic flux passes 

through the sensor coils. Therefore, in another paper [13], the 

author used an amplifier to check the induced voltage on the 

sensor coil. However, as shown in Fig. 3(a), the proposed sys-

tem uses attached sensor coils with planes perpendicular to the 

magnetic flux to increase the induced voltage on the sensor coil. 

When comparing the previous sensor coil and the proposed 

sensor coil in a situation with an identical amount of inductance 

 
Fig. 1. Wireless power transfer system for an electric vehicle.

 
Fig. 2. Equivalent circuit of the proposed sensor coil system.



SON et al.: SENSOR COIL SYSTEM FOR MISALIGNMENT DETECTION AND INFORMATION TRANSFER IN DYNAMIC WIRELESS POWER TRANSFER…  

311 

  
 

and same number of turns in a simulation, it was confirmed that 

the mutual inductance with the source coil was 60 times larger 

compared with when no misalignment occurred and at least 40 

times larger when a misalignment occurred. In addition, the 

proposed sensor coil has the advantage of simply being attached 

to the existing load coil. In the proposed system, two sensor 

coils are attached under the load coil to detect misalignment and 

to receive information. 
As mentioned in the introduction, a misalignment between 

the source coil and the load coil reduces the power transfer 

efficiency and causes EMF problems. Misalignment does not 

occur when a train travels along the rail, such as in a railway 

system, but misalignment must be considered when a vehicle 

travels along a road. Therefore, the proposed system can be 

applied to the dynamic WPT system of an EV. When no misa-

lignment occurs, the sensor coil is symmetrically attached under 

the load coil, resulting in induced voltage at an identical mag-

nitude. However, when a misalignment occurs to the left or 

right, the source coil and sensor coil are not symmetrical, result-

ing in induced voltage at different magnitudes on the two sensor 

coils. Therefore, the induced voltage on each sensor coil can be 

used to detect a misalignment of the vehicle in motion. 

In this paper, sensor coils are used for information reception 

as well as for misalignment detection. The voltage induced in 

the sensor coils can be used to receive information from the 

source coil part to the load coil part. The amount of magnetic 

flux reaching the sensor coils can be adjusted using ferrite bars, 

which will be described in detail later in the paper. A small 

ferrite bar exists between the source coil and sensor coil and it 

reduces the magnetic flux transferred to the sensor coil, thereby 

reducing the induced voltage on the sensor coil. The number of 

ferrite bars determines the number of induced voltage reduc-

tions on the sensor coil, which can be used to transfer infor-

mation. When applied to EVs, information about the lane in 

which the vehicle is currently being driven and about the driving 

environment can be transferred. 
 

2. Ferrite Bar 
Voltage of the load coil and sensor coil is induced when the 

magnetic flux Φ from the source coil passes through the area of 

the load coil and sensor coil. The magnetic flux generated from 

the source coil can be determined as shown in Fig. 3, as follows: 
 Φ = ℱℛ = ℱℛ ℛ . (1)
 

Here, ℱ is the magnetomotive force, an ℛ  and  ℛ  

are the reluctance values of air and ferrite, respectively. In addi-

tion, the reluctance values of air and ferrite can be obtained as 

follows: 
 ℛ =  𝑙𝜇 𝑆  (2)ℛ =  . (3)

 

In these equations, 𝑙  is the air gap, 𝑙  is the height 

of the ferrite, 𝜇  and 𝜇 𝜇  are correspondingly the permeability 

of air and ferrite, and 𝑆  and 𝑆  are the cross-section 

area perpendicular to the flux of the air and the ferrite, respec-

tively. According to (1)–(3), the two magnetic fluxes Φ  and Φ  are equal in the absence of a ferrite bar, resulting in the 

same magnitude of the voltage on the two sensor coils. However, 

if a ferrite bar exists between the source coil and sensor coil, the 

magnetic flux moves towards the ferrite bar with a low level of 

reluctance, as shown in Fig. 3(b) and Fig. 4(b). A ferrite bar can 

 
(a) 

 
(b) 

Fig. 4. Side view of the proposed sensor coil system: (a) magnetic 

flux path without a ferrite bar and (b) magnetic flux path 

with a ferrite bar.

 
(a) 

 
(b) 

Fig. 3. Front view of the proposed sensor coil system: (a) magnetic 

flux path without a ferrite bar and (b) magnetic flux path 

with a ferrite bar. 
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be used simply by positioning it in a system with a W-shaped 

source coil ferrite component [16]. Owing to the ferrite bar, the 

amount of magnetic flux passing through the sensor coil located 

above the ferrite bar decreases, which also reduces the induced 

voltage on the sensor coil. Because the width of the ferrite bar is 

as small as the size of the sensor coil, the voltage induced in the 

load coil decreases very little compared with that in the sensor 

coil. The equation below confirms that a small decrease in the 

induced voltage of the load coil does not cause a significant 

change in the mutual inductance between the source coil and 

load coil: 
 𝑀 = . 

(4)
 

Here, 𝜔 is the operating frequency, 𝑀  is the mutual in-

ductance between the source coil and load coil, and 𝐼  is 

the current of the source coil. Also, from the following WPT 

system efficiency equation, it can be seen that small changes in 

the mutual inductance do not significantly change power trans-

fer efficiency: 
 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 = . (5)

 

In this equation, 𝑅  and 𝑅  are the resistance values 

of the source coil and load coil, respectively. The efficiency does 

not change significantly because the decrease in the mutual in-

ductance 𝑀  is small. In other words, even if a small ferrite 

bar exists between the source coil and sensor coil for infor-

mation transfer purpose, there is no significant change in the 

mutual inductance between the source coil and load coil, meaning 

that there is no significant decrease in power transfer efficiency. 

However, if it takes a long time to pass through the ferrite bar 

due to the slow speed of the moving load coil, a reduction in the 

efficiency can be further exasperated compared with when it 

quickly passes through. 

A ferrite position identification (FPID) system, which uses 

ferrite to identify locations, was proposed in a previous study 

[13]. The system used FPID blocks to determine the location of 

a running train. Using the FPID block, this system changes the 

reluctance ℛ of (1)–(3) to generate higher magnetic flux Φ 

and higher induced voltage on the sensor coil. However, the 

system can generate higher magnetic flux Φ precisely to the 

target location (sensor coil) only in systems where no misalign-

ment occurs, such as a train. In systems where misalignment 

occurs, such as a vehicle, the increased magnetic flux Φ does 

not reach the sensor coil, making the system inoperable. Fur-

thermore, according to the EV wireless charging regulation 

SAE-J2954, there is no space to position FPID blocks due to 

large number of turns per layer of the source coil, and even if 

located, there is a limit to reducing the reluctance ℛ. However, 

the ferrite bar system proposed in this paper can play not only a 

role in information transfer but also a role in detecting misa-

lignment even in systems where misalignment occurs, such as in 

vehicles. Furthermore, the proposed system simply positions a 

ferrite bar on top, meaning that even if the source coil for 

dynamic charging in the future has a large number of turns, as 

in the current static charging model of SAE-J2954, it can still 

be used. 

 

3. Operation of the Entire System 

The proposed system can play two roles. In sections where no 

ferrite bars exist, as shown in "section 1" in Fig. 5, sensor coils 

detect misalignment of a moving vehicle. When no misalign-

ment occurs, voltage of the same magnitude is induced in the 

two sensor coils such that there is no significant difference. 

However, the magnitude of the voltage induced in the two 

sensor coils differs when misalignment occurs. The difference in 

the induced voltage in the two sensor coils can be used to de-

termine not only whether a misalignment has occurred but also 

the direction of the misalignment. That is, as shown in Fig. 6, 

when the difference between the two induced voltages is zero, 

there is no misalignment, and the sign (+ or -) of the differ-

ence between the two induced voltages indicates the direction of 

the misalignment. Furthermore, the higher the voltage differ-

ence, the greater the misalignment from the center. 

In sections where ferrite bars exist, indicated as "section 2" in 

Fig. 5, sensor coils receive information. As shown in Fig. 3(b) 

and Fig. 4(b), the magnetic flux moves to a ferrite bar with a low 

level of reluctance, hence reducing the magnetic flux reaching 

the sensor coil. As a result, the voltage induced in the sensor coil 

 
Fig. 5. Overall view of the proposed sensor coil system. Two sensor coils are attached to the bottom of the load coil. In section 1, sensor 

coils detect a misalignment between the source coil and the load coil. In section 2, some ferrite bars are positioned to transfer infor-

mation and the sensor coils receive the information.

Vehicle moving

Load coil

Sensor coil Source coilSource coil ferrite Ferrite bar

Section 1 Section 2 Section 1
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decreases when the sensor coil passes over the ferrite bar, as 

shown in Fig. 7(a). As shown in Fig. 5, when the load coil and 

sensor coils pass section 1 and enter section 2, and sensor coil 

No. 1 passes over the ferrite bar. Subsequently, sensor coil No. 2 

passes over two ferrite bars, and section 2 ends as sensor coil No. 

1 passes over the ferrite bar. As a result, as shown in Fig. 7(b), 

the magnitude of induced voltage on sensor coil No. 1 decreases 

first, after which the magnitude of induced voltage on sensor 

coil No. 2 decreases two times, with the magnitude of induced 

voltage on sensor coil No. 1 then decreasing again. The number 

of induced voltage reductions serves as important information. 

For example, if information is given to the vehicle about the lane 

in which the vehicle is being driven, the result in Fig. 7 can be 

interpreted as information indicating that the vehicle is currently 

driving in the second lane, because there are two induced voltage 

reductions in sensor coil No. 2 between the induced voltage re-

ductions in sensor coil No. 1. If there is one ferrite bar passing 

through sensor coil No. 2, there will be one induced voltage re-

duction, which can be interpreted as the vehicle being in the 

first lane, whereas it is interpreted as being in the third lane if 

there are three ferrite bars. In addition to vehicle lane infor-

mation, the induced voltage reduction can be recognized as a 0 

(zero), allowing various forms of information, such as the cur-

rent location, to be delivered in binary form. 
In addition, even if the vehicles enter section 2 when misa-

lignment is occurring, information is received. Due to the occur-

rence of the misalignment, only the reference voltage level that 

checks for a decrease in the voltage changes, with the reference 

voltage level determined based on the induced voltage in the 

sensor coil at the entry point. 

III. SIMULATIONS OF THE PROPOSED SENSOR COIL SYSTEM 

1. Simulation Setup 

Simulations were conducted to identify the two roles (misa-

lignment detection and information transfer) of the proposed 

sensor coil system. The simulations were conducted using 

ANSYS Maxwell 3D, and the size of the load coil was designed 

to match the WPT3/Z2 dimension in accordance with the EV 

wireless charging regulation SAE-J2954. The dimensions of the 

air gap and operating frequency were also determined in accord-

ance with SAE-J2954, and the dimensions of the source coil 

was designed only according to the width and thickness of the 

static charging source coil model in the SAE-J2954 regulation, 

because there is no model of dynamic charging. The dimensions 

and electrical parameters of the source coil, load coil, sensor coil, 

and ferrite bar are shown in Fig. 8 and Table 1.  

 
Fig. 6. Induced voltage difference between sensor coil No. 1 and 

sensor coil No. 2 depending on the direction and size of the 

misalignment. 

 

 
(a) 

 
(b) 

Fig. 8. Overall setup for the simulation: (a) front view of the simu-

lation and (b) bird’s eye view of the simulation. The load 

coil and sensor coils move along the source coil, passing 

sections 1, 2, and then 1 again, in that order.

 
(a) 

 
(b) 

Fig. 7. Reduction of induced voltage on the sensor coil due to fer-

rite bar: (a) the induced voltage in the sensor coil decreases 

when passing through the ferrite bar and (b) variation of the 

induced voltage in two sensor coils over the distance in the 

situation shown in Fig. 5. 
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Table 1. Size and electrical parameters of source coil, load coil and 

sensor coil used in the simulation, and various parameters 

used in the simulation 

Parameter Value

Source coil size (mm) 500 × 5,800 × 10

Source coil turns (turns) 20 

Source coil inductance (mH) 10.15

Load coil size (mm) 320 × 320 × 10

Load coil turns (turns) 20 

Load coil inductance (μH) 375.5

Mutual inductance (Source – Load) (μH) 148.3

Sensor coil size (mm) 60 × 60 × 5

Sensor coil turns (turns) 5 

Sensor coil inductance (μH) 2.1

Air gap (coil to coil) (mm) 100

Operating frequency (kHz) 85 

Source coil current (A) 34 

Ferrite bar size (mm) 175 × 80 × 10

 
The simulation is shown in Fig. 8(b), where the load coil and 

sensor coils pass through section 1, section 2, and section 1 

again, in that order. Because the ferrite bar does not exist in 

section 1, the sensor coils detect a misalignment between the 

load coil and source coil, and in section 2, the ferrite bars are 

positioned to transfer information to the sensor coil. In section 

2, the ferrite bars are located at 1,640 mm and 2,840 mm on the 

right side of the source coil and at 2,440 mm on the left side of 

the source coil. 

 

2. Misalignment Detection in Section 1 

During section 1 (0–1,640 mm and 2,840–5,800 mm), simu-

lations were conducted for no misalignment and for 20 mm and 

40 mm misalignment to the left and right, respectively. As 

mentioned earlier, if a misalignment occurs, it can be seen that 

the EMF problem is exacerbated in the direction of the occur-

rence of the misalignment, as shown in Fig. 9. Furthermore, as 

shown in Table 2, the mutual inductance between the source 

coil and load coil is reduced, leading to a reduction in the power 

transfer efficiency.  

Sensor coils were used to solve those problems caused by a 

misalignment, and when no misalignment occurred, the sensor 

coils attached to both sides of the load coil were induced at the 

same voltage magnitude, indicating that the difference between 

the two induced voltages was zero, as shown in Fig. 10(a). 

However, if a misalignment occurs, the induced voltage difference 

between the two sensor coils is not zero, as shown in Fig. 10(b)–

10(d). A comparison between Fig. 10(b) and 10(c) confirms 

that the phase of the induced voltage difference is opposite de-

pending on the direction of the misalignment. In addition, a 

comparison between Fig. 10(c) and 10(d) shows that the larger 

the misalignment distance generated from the center is, the 

higher the induced voltage difference becomes. In other words, 

   
(a) 

 
(b) 

Fig. 9. Magnitude of the magnetic field from the source coil used 

in simulation. (a) When no misalignment occurs, a sym-

metrically small magnetic field occurs. (b) When a misa-

lignment occurs, a very large magnetic field occurs in one 

direction. This exacerbates the EMF problem. 

 
Table 2. Mutual inductance change between the source coil and 

load coil due to a misalignment 

Case Mutual inductance (μH)

No_misalignment 148.3

20 mm_misalignment 145.7

40 mm_misalignment 139.1
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the voltage induced in the two sensor coils attached under the 

load coil can be used to determine the occurrence of a misa-

lignment and the direction and magnitude of the misalignment. 

 

3. Information Transfer in Section 2 

In section 2 (1,640–2,840 mm), simulations were conducted 

to position the ferrite bars at a specific location and assess the 

possibility of information transfer. When the sensor coil passes 

over the ferrite bar, the path of the magnetic flux produced from 

the source coil is determined, as shown in Fig. 11. Unlike the 

right side of Fig. 11, a ferrite bar with low reluctance is located 

on the left side such that the magnetic flux moves through the 

ferrite bar. This reduces the magnetic flux passing through the 

sensor coil and the induced voltage every time it passes over the 

ferrite bar.  
In the simulation, a ferrite bar is located 1,640 mm, 2,440 

mm and 2,840 mm, as shown in Fig. 8(b). Sensor coil No. 2 

attached to the right bottom of the load coil will pass through 

the ferrite bar at 1,640 mm and 2,840 mm points, while sensor 

coil No. 1 attached to the left bottom of the load coil will pass 

through the ferrite bar at 2,440 mm. As shown in Fig. 12, when 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 10. Induced voltage difference between sensor coils. (a) When 

no misalignment occurs, the magnitude of induced voltage 

difference is almost zero. (b) When a left 20 mm misalign-

ment occurs and (c) when a right 20 mm misalignment occurs. 

Here, (b) and (c) confirm that the phase of the induced 

voltage difference is opposite depending on the direction. (d) 

When a right 40 mm misalignment occurs, (c) and (d) con-

firm that the greater the distance away from the center, the 

greater the magnitude of the induced voltage difference. 

 

 
Fig. 11. Magnetic flux travel path when the ferrite bar is present. 

 
(a) 

 
(b) 

 
(c) 

Fig. 12. Magnitude of the induced voltage in the sensor coils over 

certain distances. (a) In sensor coil No. 1, the induced volt-

age is reduced at 2,440 mm, where the ferrite bar is present. 

(b) In sensor coil No. 2, the induced voltage is reduced at 

1,640 mm and 2,840 mm, where the ferrite bars are present. 

(c) In sensor coil No. 1, when a misalignment occurs, the 

induced voltage also is reduced at 2,440 mm.
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the sensor coil passes over the ferrite bar, the magnitude of the 

induced voltage on the sensor coil decreases. In the case of 

sensor coil No. 1, one ferrite bar is located at 2,440 mm, so only 

the induced voltage on sensor coil No. 1 is reduced at 2,440 mm. 

Also, with regard to sensor coil No. 2, two ferrite bars are located 

at 1,640 mm and 2,840 mm such that the induced voltage in 

sensor coil No. 2 is reduced at 1,640 mm and 2,840 mm. Even 

when misalignment occurs, the reference voltage level changes, 

as shown in Fig. 12(c), but it can be seen that the induced voltage 

reduction for an information transfer still occurs. If the pro-

posed system is used for lane recognition, this system will trans-

fer information indicating that the vehicle’s driving lane is the 

first lane because the induced voltage reduction in sensor coil 

No. 1 occurred once between the induced voltage reductions in 

sensor coil No. 2. In addition, as the load coil passes over the 

ferrite bar, the mutual inductance between the source coil and 

load coil decrease by 3%, resulting in a 0.1% reduction in effi-

ciency. Given these findings, it can be confirmed that information 

can be delivered without significant reduction in the efficiency. 

IV. EXPERIMENTS OF THE PROPOSED SENSOR COIL  

SYSTEM 

1. Experiment Setup 
Experiments were conducted to verify the operation of the 

proposed sensor coil system. The dimensions and electrical 

parameters of the source coil, load coil, sensor coil, air gap, and 

operating frequency used in the experiment are shown in Fig. 13 

and Table 3. The experiments were conducted by downscaling to 

about a 1:2 ratio compared with the simulation model in Fig. 8. 

Also, simulations for the model that were downscaled to a 1:2 

ratio were carried out, and these results are presented in Fig. 14. 

As in the simulations, the load coil and sensor coils pass 

through section 1, where the ferrite bar does not exist, and then 

section 2, where the ferrite bars exist. In section 2 in the exper-

iments, as shown in Fig. 13(d), the ferrite bars are located at 

70 mm and 110 mm on the right side of the source coil and at 

90 mm on the left side of the source coil. 

 

2. Misalignment Detection 

The induced voltage difference between the two sensor coils 

when left and right misalignment occurs in section 1 is shown 

in Fig. 14(a) and 14(b), respectively. As in the simulation, the 

phase of the induced voltage difference between the two sensor 

coils is the opposite depending on the direction in which the 

misalignment occurs. Furthermore, the magnitude of the induced 

voltage difference is similar in the event of a misalignment at the 

same distance from the center. That is, the experiments show 

that two small sensor coils attached under both sides of the load 

coil detect the direction and magnitude of the misalignment. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 13. Experimental process: (a) experiment setup, (b) bottom view 

of the load coil and sensor coils, (c) section 1 for misalign-

ment detection, and (d) section 2 for information transfer. 

 
Table 3. Size and electrical parameters of the source coil, load coil 

and sensor coil used in the experiment, and the various 

parameters used in the experiment 

Parameter Value

Source coil size (mm) 1,650 × 250 × 4

Source coil turns (turns) 20

Source coil inductance (mH) 1.35

Source coil compensation capacitor (nF) 2.73

Load coil size (mm) 160 × 160 × 4

Load coil turns (turns) 10

Load coil inductance (μH) 34.2

Load coil compensation capacitor (nF) 105.67

Sensor coil size (mm) 32 × 32 × 1.6

Sensor coil turns (turns) 5

Sensor coil inductance (μH) 1.22

Air gap (coil to coil) (mm) 100

Operating frequency (kHz) 85

Ferrite bar size (mm) 100 × 40 × 5



SON et al.: SENSOR COIL SYSTEM FOR MISALIGNMENT DETECTION AND INFORMATION TRANSFER IN DYNAMIC WIRELESS POWER TRANSFER…  

317 

  
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 14. Results of the experiment: (a) induced voltage difference 

when a left misalignment occurs, (b) induced voltage difference 

when a right misalignment occurs. (c) In sensor coil No. 1, 

the induced voltage is reduced at 90 mm where the ferrite 

bar is present. (d) In sensor coil No. 2, the induced voltage 

is reduced at 70 mm and 110 mm where the ferrite bars are 

present. 

 

3. Information Transfer 

The magnitudes of the induced voltage in sensor coil No. 1 

and sensor coil No. 2 are shown in Fig. 14(c) and 14(d), respec-

tively. Sensor coil No. 1 attached to the bottom left of the load 

coil passes the ferrite bar at 90 mm, thus reducing the induced 

voltage at 90 mm. Also, sensor coil No. 2 attached to the bottom 

right of the load coil passes the ferrite bar at 70 mm and 110 

mm, thus reducing the induced voltage twice at 70 mm and 110 

mm. In other words, as in the simulation, the experiments 

showed that when the sensor coil passes over the ferrite bar, the 

magnetic flux passing through the sensor coil decreases, hence 

reducing the induced voltage. 

V. CONCLUSION 

In this paper, we proposed a sensor coil system that can be 

applied to the dynamic WPT systems used in EVs to detect 

misalignment and transfer information. This system detects the 

directions and magnitude of misalignment through the induced 

voltage difference between two sensor coils. If the detected in-

formation aligns the load coil attached to the vehicle with the 

source coil installed on the road, this can reduce EMF problems 

while improving the WPT efficiency. Furthermore, small ferrite 

bars can also be used to reduce instantaneously the magnitude of 

the induced voltage on the sensor coils, which can transfer in-

formation from the source coil. This information can assist with 

the autonomous driving of the vehicle by transferring information 

about the lane in which the vehicle is currently being driven. 

The proposed system was simulated with reference to 

SAE-J2954 and the experiment was conducted with 1:2 scaling. 

The simulations and experiments confirm that the proposed 

sensor coil system works well and that a system with a small 

sensor coil can play two roles, misalignment detection and in-

formation transfer. 
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