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At present, the wireless charging and data transmission systems developed by major car
manufacturers rely heavily on additional transmission equipment. This paper presents a newly
developed wireless power and bidirectional data transmission scheme without adding any
radio frequency (RF) devices. The battery charge status and vehicle related information can
be transmitted bidirectionally in the wireless manner by the compensation capacitor between
two isolated units. Based on the function, this system can quickly inform the user when an
emergency event occurs during power transmission. An inverter is used on the primary side
of the system, and the generated AC power is transmitted to the load at the secondary side
through mutual inductance; the secondary side of the system adjusts the load current to
transmit data back. The primary side uses the zero voltage switching (ZVS) method to receive
data, and the trimming of the current curve to transmit commands; the secondary side of the
system receives commands and uses carrier cycles for decoding. Experimental verification

shows applicability of the proposed system.

1. Introduction

The principle of inductive power transfer (IPT) is the mutual
magnetic coupling between the transmission windings. It transfers
the main power source on the fixed side to a plurality of movable
devices by means of the air gap [1]. The issue is becoming popular
due to the increasingly global concern of energy conservation.
However, most of the previous research tasks only focus on the
issue of IPT without considering simultaneous power and data
transmission. This research intends to deal with the issue with a
novel idea. The paper presented here is an extension of our work
originally presented in the 2017 [2th IEEE International
Conference on Industrial Electronics and Applications [2] by
including extended results.

Traditional transferring power is accomplished through the
contact of the metal contacts (Plug-In). Although this kind of
power transmission can meet most of the requirements, it is
inconvenient to be used in many occasions, such as moisture, snow,
oil exploitation, and underwater power supply. In order to avoid
the shortcomings of contact power transmission, contactless power
transfer (CPT) has been developed, which is one of the popular
wireless power transfer (WPT) technologies. It has no metal
contact and hence avoiding the weakness.

The wireless charging method has been receiving attention
over a wide range of industrial and civilian applications in recent
years which leads to a variety of utilizations such as contactless
electric vehicle charging [3-5], bidirectional IPT system [6-8],
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electric vehicle and power transmission between grid [9], wireless
power and data transmission with fully implantable stimulator [10],
portable-telephone charging [11], dynamic charging of electric
vehicle [12-13], and wireless power and data transmission system
[14].

In literature [7], the proposed IPT system has been applied to
vehicle battery charging with high efficiency. Its control loop is
composed of external and internal paths, used to handle power
control between two sides with an additional wireless transmission
equipment to transfer data from the secondary side to the primary
side. This design requires better transmission security between two
isolation units. The IPT system of [15] uses non-contact
technology in the drilling machine, and two sets of windings are
used for power supply and data transmission respectively. The
design would lead to extra production cost.

The architecture of this research task is the use of a flyback
converter, which is used for wireless power and bidirectional data
transmission, and adopts ZVS technology to reduce switching loss
and EMI noise. The secondary side of the system performs data
modulation by instantaneously adjusting load current, and the
primary side of the system receives data under ZVS. In addition,
the system trims the current transmitting command on the primary
side, and the secondary side of the system receives command and
decodes data. The authors of [15] proposed a transient load
detection method, which mainly uses energy injection and free
resonance mode to detect the load. Although a similar approach
was used here, wireless power and bidirectional data transmission
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are the focus of this research. Our design proposes an effective
power and bidirectional data transmission solution under the
architecture of the IPT system. The technology can be combined
with a vehicle positioning system to realize a wireless vehicle
charging station as the final goal. As for a practical application in
the micro grid, when a driver is charging his/her car, if the charge
station can immediately know the voltage, current, power and
related information of the charging car, the accident can be
effectively managed. Beside of this, if the car is used as a mini
power generator, the grid side may identify car ID information and
count how much power it contributing to the grid.

2. Description of System
2.1. Circuit Design

This research task considers a wireless vehicle charging system
with the function of synchronous power and bidirectional data
transmission. The primary side (Grid side) uses a utility power
supply (AC 110V / 60Hz). The secondary side (Vehicle side)
stores the energy transmitted from the grid side in the vehicle
battery. In addition to power transmission, both sides can send and
receive messages simultaneously through the same conduction
windings. At startup, the primary side of the system performs two
steps in sequence, namely payload detection and soft start. First, it
detects whether there is a payload on the secondary side of the
system. If no payload is detected on the pad's inductance, the
primary side stops power output. If a load is detected, the soft start
current will give rise to a preset level, and this mechanism
minimizes the inrush current flowing through the switch. The
schematic diagram of the proposed system is illustrated in Fig. 1.

The flyback converter adopted here is widely used in AC-DC
conversion or DC-DC conversion. Its operational principle is
similar to the buck-boost converter. In addition to voltage
conversion, there is electrical isolation between the input and
output circuits.

The system consists of two circuits that are magnetically
coupled to each other. The grid-powered battery charging station
(GPBCS) converts the main power supply to direct current through
a rectifier and a filter. The transmitter generates power at the
primary windings and transmits it to the secondary windings,
which is located inside of the vehicle, by mutual inductance to
complete the wireless power transfer.

The power switch (MOSFET) M, at the secondary side has two
functions. First, it bypasses the output current and then sends "7x
data" such as output voltage and current back to the primary side.
The way in which the primary side receives data is to detect the
period of the feedback voltage V¢. For data communication, when
the Ty data is received and confirmed by the primary side, the
switch (V) at the primary side sends a command to the secondary
side. The current transducer (CT) at the secondary side is
connected to the circuit to receive the command.

As can be seen from Fig. 1, the magnetic coupling coefficient
and the load quality factor O of the secondary side are closely
related to the mutual inductance M. Its equation is as follows:

Q = wCsRL

where Lp and Lg are primary side inductance and secondary
side inductance, respectively and Cs is secondary side capacitance,
R, is load on the secondary side. The operating frequency and rated
power of the power supply are mainly limited to the switching
components used, both must be balanced according to the copper
losses. In this research, the appropriate O and k& were chosen to
maintain efficiency of power transmission [5], and S/N ratio,
thereby controlling quality of the transmitted data.
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(b) Transmission path of command sending to the secondary (Vehicle) unit

Figure 1. Simultaneous wireless power and bidirectional data transmission scheme
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The simultaneous wireless power and bidirectional data
transfer system adopts parallel-parallel (PP) reactive power
compensation topology. The primary side for parallel
compensation is used to generate a large primary current; the
secondary side suitable for battery charging current sources [16].
The PP type compensation topology is illustrated in Fig. 2 (a). The
topology under mutual inductance coupling can be represented by
the simplified circuit depicted in Fig. 2 (b).

As shown in Fig. 2, the impedance reflected from the
secondary side back to the primary side is given by

2 2
z =M 3)
Z

s

The voltages of the primary windings and secondary windings
are expressed as follows:

V,=-joMI +joL,l,
and
Vi=—joLl +joMI,

The current of the secondary winding can be expressed by the
following equation:

7= JoMi,
s ZS
with the resonant frequency of both sides being
1 [ —
JL,C, LG,
The secondary side also transmits data to the primary side with
the same mutual inductance. The load impedance of the primary

side can be known for the network combination of the primary side
and the secondary side, namely,

w=
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JjoC, +
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(L,L-M)C.L )
M'CR+L(L,L - M)

P

+

— joMI joMI, Ve

(b) Mutual inductance coupling circuit

Figure 2. Compensation topology and the simplified circuit
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To minimize the VA rating, the imaginary part of the load
impedance is adjusted to zero when the secondary side is working
at the resonant frequency. The selected primary side capacitance
Cp is as follows

3. Wireless Data Transmission
3.1. Communictaion Protocol

The data packet can be divided into four parts, namely start
segment, data segment, checksum segment, and stop segment. The
entire packet architecture is referenced to the 1-Wire
communication protocol and fine-tuned to construct a packet
suitable for use with the system. In addition, the universal
asynchronous receiver transmitter (UART) specific start segment
and stop segment are also retained in the system to separate the
packets. The major data types in the data segment are command,
voltage value, current value, power, and stop power transmission.
The checksum segment is used to detect the entire packet error.

The messages we are about to transmit are divided into two
categories based on their attributes. The first category is normal
messages including output voltage and current, which is handled
with a slower rate. The second category is emergency messages
such as overvoltage and overcurrent, which is processed with a
faster rate for instantaneous reaction by the system. In addition,
when Ty data of the secondary side is sent back to the primary side,
the system will calculate the charging efficiency. The primary side
is the command issuer, which will send the 7y cmd to the
secondary side. Table I summarizes the specifications for data
transmission.

Table 1: Protocol for data transmission

Baud Start Data | Checksum | Stop
Category
rate segment|segment| segment |segment
Normal
120Bd. | 1bit | 8bits 8 bits 1 bit
messages
Emergency ;
Operatite| it | 4bits | 4bis | Ibit
messages | [T¢d- Bd-

3.2. Data Transmission

When the primary side transmits power to the secondary side,
description of data transmission between two sides is explained as
in Fig. 3. In this figure, the period between zero-crossing will
coincide with the AC line. The time base clock on the primary side
is the “Digital AC line” signal generated by the zero-crossing
detection circuit. In order to be synchronized with the primary side
of the Digital AC line, the secondary side uses a current sensor to
measure /s, which is then compared to produce a “Digital Is” signal.

Signal modulation technique is commonly adopted in
communication and electronic systems to mix and transmit signals
for data transmission in one or more carrier waves. General
modulation modes include amplitude-shift keying (ASK),
frequency-shift keying (FSK), and phase-shift keying (PSK). In
which, FSK has been widely used in digital signal modulation for
communication systems such as emergency broadcasts. It uses
discrete frequency changes of the carrier to modulate data for
transmission. In which, the carry frequency fc is used to
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discriminate digital “0” or “1”. Referring to Fig. 3, in the preamble
section, Torr of the duty cycle of N; is fixed. When the secondary
side transmits data in the data section, the primary side receives the
data in the shadow section; when the primary side transmits the
command in the cmd section, the secondary side receives the
command in the shadow section.

Secondary side v fe
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Irer « Preamble %leData/sh?dowal Power flow i o, ool

s T 111

Digital I
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Time base cE)]ck
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Figure 3. Description of bidirectional data transmission via the mutual magnetic
coupling circuits

3.3. Data Decoding

When data is allocated in the data section on the secondary
side and modulated to 77 (0), the controller reduces the duty cycle
of N> and the output current (See Fig. 1). The reduced current
causes a time delay on the secondary side, which we denote it as
At . Further, as can be seen from Fig. 4, N, is turned off in the c-
d section so that the current /s flows through the load R, is stored
in Cs; when N> works in the d-e section, it is turned on, and Cs will
discharge to R;. The delayed discharge of Csdirectly affects V¢ on
the primary side, causing V¢ to generate a delay time at 0V. At this
time, the d-e section corresponding to V¢ will have a bump. Since
N; operates based on ZVS, the turn on time of NV; is also delayed.
The additional delay time produced by the a-e section is also
defined as Az after comparison with the e-g section. The time
delay Az resulting from modulation of the digit “0” is as follows

T,0=T.()+Ar (10)

where Tz (0) under modulation denotes the period of the carrier
wave for digit “0” and T¢ (1) for the digit “1”. The term Az can
be referred to the S/N ratio. An increase in Az will result in better
data transmission quality, making it more robust against noise, and
it is more advantageous for the controller on the primary side to
decode the signal. However, it might deteriorate the power
transmission quality.

It can be known from the above that the secondary side can
send the numbers “0”” and “1” by 77 (0) and T¢ (1) respectively in
the data section; the primary side receives the modulated data,
which being decoded as “0” or “1” is based on 77’ (0) or ¢ (1).
The rule for the primary side distinguishes the digital “0” is
determined by

T,'(0)> T.(1) + Aref (11)
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where Arer is a threshold set to identify the digit “0” at the

primary side. Illustration of the idea is depicted in Fig. 5 which
explains the function for modulating a digit “0” at the center of the
data string where curve 1 is s, curve 2 is the switching state of Nz,
curves 3 and 4 are the gate voltages of V¢ and N, respectively.
After changing the duty cycle of N> (100% adjusted to 94%), it can
be seen that the waveform of /s becomes the defined 77 (0); the
waveform of the synchronous V¢ also becomes the defined 77 (0).
As can be seen from the results in the figure, when the periods of
Is and Ip are the same, the operating frequency will be affected
when Ischanges.

Secondary side
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Irer £ —\— — — ==

| /| | . |
Preamble section Data_section

- !
Digital Is  —7e(1) J Te(1) 11T2(0) o Te(l) y
N N ZIN 7IN ZIN 71
2

Air gap

Primary side
Ve

VREF

Preamble section Shadow skction

Digital V¢
| a bedé f g
Decode L Tc() L 72°(0) o Te(1)N
N2 N NZ N
N, - - 0 1 ¢

Figure 4. Data decoding method

Fig. 6 shows the varying duty cycle of N, vs. Az . It can be
seen from the figure that after adjusting the duty cycle, a near linear
relationship can be obtained between 85% and 94%. The
relationship is as follows:

Modulated T,y [1 A7 +& (12)

where the modulated 7,is duty off of N, for the secondary side

to send the digit “0”, the uncertainty |¢|<0.5us is set in our
experiments. If the modulated T

L t€>Aref , the primary side
decodes data as the digit “0”.

@High 668U
frequency 19.36kHz

@Froquen]

Figure 5. The digit “0” is modulated by reducing the duty ratio of N, from 100% to
94% when transmission power is at 700 W
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Figure 6. Relationship between duty cycle of N, and At
3.4. Command Transmission

In order to prevent conflicts during data transmission, the
system-defined data arrangement string is shown in Fig. 7 where
Txcmd is the corresponding command message generated on the
secondary side after sending the message on the primary side. The
reset time is set to wait for the next string. As for Ty data, it is the
feedback from the normal message of the secondary side, such as
output voltage and current. Fig. 8 depicts how the system processes
Tx cmd synchronously during the wireless power transfer.

One sequence (500ms)

f/%

Tx Reset Tx
cmd. || time Tx Data Cmd.

Figure 7. Data transmission scheme

When the system is operating normally and there is no
emergency on the secondary side, the primary side places
command in the Cmd. section with baud rate 120 Bd. To react, the
secondary side detects command accordingly in the shadow
section from “Digital /5. When modulation is performed to the
digital “0”, the primary side changes the duty cycle of the switch
Ni. As seen from Fig. 9, the time required for 7oy is shorter when
modulating “0” and the time required for 7oy when modulating “1”
is longer. The reduced current causes a loss of time on the primary
side, which is what we call Az . Referring to Fig. 8, the primary
side will arrange data to be sent in the Cmd. section. The turn on
time N, in the b-c section will be shorter than other parts. The
current change of Ip will affect the secondary side, which is to be
explained later. It causes a reduced time period Az at the shadow
part in the a-d section than that in the d-e section. It can be found
from the upper sub-figure of Fig. 8 that the term A7 generating the
digital messages “0” is defined as

P2S
T (O)ZTC(I)_AT (13)

where Tf?5(0) denotes the primary side modulating a digit “0”
to the secondary side. The secondary side receives command and
decodes it to be “0” or “1” depending on T¢ (1) and Az . The
secondary side distinguishes the digital “0” based on the following
criterion:

T'%%(0) < To(1) — Aref (14)

where T,/25(0) denotes the secondary side receiving a digit “0”
and Aref is a threshold for judging the digit “0” at the secondary
side. If A7 > Aref , the primary side trims the duty cycle of N; as

WWwWw.astesj.com

(15)

where Az and ¢ are defined as above. If Trimmed T, > Aref

Trimmed 7, 0 At +¢

the secondary side decodes data as the digit “0”. Figs. 10 and 11
display the function for modulating a digit “0” (Ar =4us ) at the

center of the data string. It is seen that T, (0) , by modulating the

duty cycle of Nj, is relatively shorter than that of modulating a “1”
by 4us . Fig. 9 shows simultaneous wireless 700 W power

transfer while simultaneously transferring 7x cmd the under the air
gap of 25 mm and 0 mm lateral offset.
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Figure 9. Simultaneous transmission of Ty cmd at 700 W power transmission
(Under 25 mm air gap and 0 mm offset)

3.5. Emergency Message

If there is abnormal voltage or current detected during power
transmission, the system will stop charging with the highest
priority.

We reduce the duty cycle of N> from 100% to 94% to generate
an additional delay time Az =4us and to confirm the result. The
results are shown in Figs. 10 and 11 for the cases of 400 W or 700
W power transmission. It is seen that the primary side can still
correctly decode data whether the IPT system works at low or high
power.

PR 1
©Frequend

©Hioh 5120

Figure 10. Synchronous transmission of emergency message when transmitting
power at 400 W
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Figure 11. Synchronous transmission of emergency message when transmitting
power at 700 W

3.6. Transmission Windings

IPT is a kind of electricity conversion technology. For
operation, the primary side windings pass the alternating current /p
and the alternating magnetic field intensity H is generated which

generates the magnetic flux density y via the air medium coupling.

This affects the secondary side windings and induces the
electromotive force € (see Fig. 12).

The windings used in this research are the spiral type and the
winding ends are not connected. In the real-world experiment, in
order to reduce the internal impedance of the windings, the coil has
a wire diameter of 2.0 mm to increase the efficiency of
transmission. The diameter of the windings is 165 mm, the
resonant frequency of the windings is 22 kHz when loaded, and the
resonant frequency of the windings is 32 kHz without load.

Secondary windings

\ =
| } | | { ( Air gap
Ly | | =
72 =l = Primary windings
L ) T~
P,/ ] \ .
7 11

Figure 12. Electromagnetic induction diagram of two transmission windings

j Windings
Windings
holder

— Ferrites

Metal

_|_ backplane

Figure 13. Transmission windings construction used in this research
3.7. Interface

The human machine interface (HMI) control circuit is shown
in Fig. 14. It uses the Arduino MEGA 560 as the coordination hub
of the entire HMI control circuit, and equipped with an HD44780
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universal 16-inch liquid crystal display (LCD) to display the
transmission information. The wuser control interface is
implemented by a simple button circuit to facilitate the status
display of bidirectional power and data transmission. It
communicates with the MCU of the IPT system through a UART
communication interface.

The Arduino MEGA 2560 receives the decoded data packet in
real time. It also detects the loop of the button instantly. When the
user presses the button, it sends a data packet to the IPT system for
use by the encoding circuit. Fig. 15 shows the entity of the HMI.

-— HD44780 (LCD)
Communication interface

Arduino MEGA 560
for MCU coding rduino

.

Communication interface
for MCU decoding

-—
Button circuit

Figure 15. HMI circuit

3.8. Measurement

The primary side controls output power according to the
demand of the secondary side. The later simultaneously receives
power and measured voltage, current, and power via the way of
magnetic field coupling.

The secondary side employs a voltage attenuator and a voltage
amplifier to detect charging voltage and current. The crest factor
of both signals was designed to equal to 3. These normalized
analog signals were connected to a 12-bit ADC device shown as in
Fig. 16. In the figure, in addition to measurement, the tasks of the
CPU include data encoding, data decoding, and HMI process. To
reduce power consumption, the ADC device utilizes the under-
sampling method [17-18] to sample signals. It adopts low sampling
rate and long measurement period to improve measurement
accuracy. The measured raw voltage and current at the sampling
time are given by

v_raw; = \/%Z?’:l v_Gain(vj - v_dc_offset)2 (16)

i_raw; = \/%Z?’:l i_Gain(ij - i_dc_offset)2 (17)
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Fig. 16. The secondary control unit with measurement

where N is data update rate, v_Gain and i Gain are voltage
and current gain, respectively. These gains were generated by full-
scale calibration. The terms v; and j; are the jth voltage and current
sampling values, respectively, v dc offset and i dc offset are
inherent dc-offsets.

Voltage and current are obtained by calculating
AVG(vrawi_K_l + vrawi_K_2+- . +vrawi_1 + vraw,') (18)
Iy =AVG (-1 + irawi_K_2+- . +irawi_1 + irawi) (19)

where AVG denotes “average” and K is index of measurement
period.

We use the under-sampling approach to measure charging
voltage, current, and power. Comparison of the parameters of
under-sampling and over-sampling methods is given in Table II.
The experimental results are shown in Fig. 17. The measurement
error is larger at low output power because of the nonlinear
distortion of voltage attenuator and amplifier.

1

E os

S o —_—

;-0.5 [ —
- ~
2 700 650 600 550 500 450 400

Output power [W]

s Qver-sampling Under-sampling

Figure 17. Comparison of the under-sampling and over-sampling methods

Table 2: Measured parameters of under sampling method vs. over-sampling

Sampling type
Parameter
Under sampling |[Over sampling

ADC resolution [bits] 12

Crest factor 3
Data update rate [ms] 250 250
Sampling rate [kHz] =5 200
Measurement period 2000 250

[ms]

3.9. Efficiency

The primary side controls output power based on the ZVS
method. The operational frequency was varied by various output
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power or demand between 19~30 kHz. The sampling rate was 200
kHz. The channels of sampling voltage and current are Vs and ip,
respectively. Their crest factor is 3. Both signals are connected to
the input of ADC and controller for measurement.

100

80 L

60
—&— Wireless Power Transfer
40

EFFICIENCY [%]

Wireless Power and Data Transfer
20

0
300 400 500 600 700

OQUTPUT POWER [W]

Figure 18. Comparison of efficiency change with output power

Drop of the power transfer efficiency is shown in Fig. 18 when
power and data are transmitted simultaneously. As seen from the
figure, this will only result in a slight decrease in the power transfer
efficiency.

4. Experimental Results

Since the primary side operates at ZVS, the operating
frequency of the system can be changed by the load R;. In addition,
O on the primary side can have less switching loss and higher
efficiency under ZVS operation. If the air gap of two transmission
windings changes, the operating frequency of the system will vary.
To resolve solve the problem, both units measure the period of T¢
(1) in the preamble section as a reference.

We conduct the following experiments to verify robustness of
data transmission quality (TQ) while there is misalignment
between two induction pads or there is load change. We consider
Aref'to be Ar/2 and parameters listed in Table III. Fig. 19 shows
the system hardware and test environment. Power transmission in
both sides are controlled by ARM Cortex-M0. The clock speed of
the microcontroller is 24 MHz. The data transmission quality (TQ)
is defined by

. pass count o (20)
total count

When transmitting a normal message, the total variable count
is 1,000. The pass count for the number of correct packets is
defined by the following equation:

CS [ no. of Data 2's (21)

Data received is treated as a correct message if the checksum
(CS) is equal to Data?2’s.
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Figure 19. Hardware relaization of the IPT system

Fig. 20 presents the result of data TQ. It was recorded by
adjusting the lateral shift of two pad’s center from -20 mm to +20
mm. It is found from the experimental results that regardless of the
lateral shift between the two pads, an increase in Az can
significantly improve the data TQ. In addition, when the lateral
shift of the two pads is maintained within -5 mm to +5 mm, and
At is set to between 3us to Sus , the data TQ can be as high as

90% or more.

Fig. 21 shows the correlation between output power and data
TQ. It can be seen from the figure that communication
performance is acceptable (Variation less than 10%) when the
system works within 400 W to 700 W and Az lying between 3us

and Sus .

Table 3: Parameters of the prototype IPT system [1]

Operating frequency 22 kHz
Windings type Spiral
Power Vbs 500V
MOSFET Vs 20V
Rated output power 700 W
Rated load 40 Q
Wire diameter 2.0 mm
Grid side inductance 70 uH
Grid side capacitance 0.35uF
Grid side induction coil
. 165 mm
outer diameter
Grid side winding number 20 turns
Mutual inductance 26.1 uH
Vehicle side inductance 69.4 uH
Vehicle side capacitance 0.35uH
Vehicle side induction
. 165 mm
coil diameter
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Figure 20. Data TQ for different lateral offsets between two induction pad centers
of Lp and L with the nominal air gap 25 mm
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Figure 21. Data TQ vs. output power

Fig. 22 shows that the results of data TQ vs. air gap when the
conduction windings Lg and Lp lies between 15 mm and 25 mm. It
is quite clear that performance of data transmission drops quickly
when the air gap is greater than 25 mm. However, the experimental
results were produced by the prototype sysytem. In general, the
optimal air gap of data transmission between two windings may
change with charcteristics of the system.

__ 120
£ 100
2 — e —
T~ 380 )
3
2 60
= b e AT=5UUS
E e AT=4 S
é 20 o= AT=3us
= g AT=2ps
15 20 25 30
Air gap [mm]

Figure 22. Data TQ vs. air gaps between two induction pads

5. Discussions

While experiments presented in this report demonstrate
satisfactory results in either power transmission or data
transmission, the power transfer efficiency might drop rapidly due
to visible misalignment of two induction pads between vehicle
chassis and power station as revealed in Fig. 20. Practically, it is
impossible for the driver to move car perfectly so that there is no
misalignment between two induction pads. There is a need to
develop an adaptive bidirectional wireless power and data
transmission control strategy for the optimal TQ under the
situation of lateral misalignment between two induction pads. In
addition, a clear relationship between data transmission efficiency
and physical parameters of the LC tank remains to be investigated.
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6. Concluding Remarks

This research report presents a newly developed power and
bidirectional data transmission design. The major contribution is
that the state of charge of the vehicle battery and vehicle ID
information could be mutually communicated through two
contactless units. The design exhibits several advantages. For
example, the primary (Grid) side of the system can control the
output current and achieve steady-state compensation of the
secondary (Vehicle) side of the system by wireless transmission.
In addition, it costs relatively less while compared with blue tooth
or other RF communication technologies because no extra data
communication device devices needed. Most importantly, it is a
kind of transmission via magnetic field, therefore, there is no
serious issue on EMC/EMI. That is, the system is robust against
RF interference which makes it to be applicable in the indoor
parking lot. To verify applicability, experiments have been
conducted with different lateral offsets and vertical shifts between
two induction pads which demonstrates performance robustness in
power and data transmission.
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