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Simultaneous Wireless Power and Multi-Channel
Data Transmission Based on OFDM

Yongzhi Jing
and Suleiman M. Sharkh

Abstract—Aiming to meet the demand for multi-channel data
communication between the power transmitter and receiver in a
wireless power transfer system, a simultaneous wireless power and
multi-channel data transmission method based on orthogonal fre-
quency division multiplexing (OFDM) is proposed. In this method,
a dual-LC resonant network is employed in the data transmitting
circuits, which can achieve two independent data transmitting with
only one data transmitting transformer. By making the power car-
rier and data carriers orthogonal to each other, the multi-channel
data can be demodulated based on OFDM demodulation principle
without requiring a filtering circuit and sampling resistance in
the data receiving circuits. The power transmission adopts the
bilateral LCC topological structure to achieve a load-independent
constant current output. The data transmission characteristics are
optimized by analyzing the system parameters impact on the data
transmission gain. A 40 W experimental platform is built and a 4 x
85 kbps data transmission rate is achieved. Experimental results
show that four-channel data in two forward and two backward
channels can be transmitted accurately without interference from
the power and other data carriers according to the OFDM princi-
ple. Moreover, the proposed system exhibits a high data bandwidth
utilization.

Index Terms—Bilateral LCC, multichannel data communication,
orthogonal frequency division multiplexing (OFDM), wireless
power transfer.

I. INTRODUCTION

IRELESS power transfer (WPT) technology can trans-
mit electric power without the need for separable electri-
cal contacts. Compared to traditional power transmission meth-
ods, it avoids issues such as electrical spark and leakage due
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to poor connection. Furthermore, it offers advantages, such as
high flexibility, reliability, and low maintenance costs. Currently,
WPT has been widely used in portable electronics, electric vehi-
cles, industrial robots, and biomedical implants [1], [2], [3], [4].

The methods to achieve simultaneous wireless power and data
transfer (SWPDT) mainly include separated and shared chan-
nel transmission technologies. Separated channel transmission
technology achieves simultaneous power and data transmission
by adding additional physical channels, mainly employing tech-
nologies, such as near field communication, Bluetooth, Wi-Fi,
and ZigBee. However, these methods require complex pairing
between the transmitter and receiver, causing significant com-
munication delay [5], and making them unsuitable for certain
specialized applications, such as real-time feedback control [6].
In addition, data transmission can also be achieved by using
additional coupling coils, but the interference between the power
and data transmission coils must be taken into account in this
approach, which increases the complexity of system. Shared
channel transmission technology adopts the same physical chan-
nel to achieve simultaneous power and data transmission, which
is widely used in SWPDT system because of the simplicity and
high reliability [7], [8], [9], [10].

The data loading method in the shared SWPDT system mainly
includes power modulation and independent carrier injection.
Power modulation employs the power carrier as a medium to
modulate the data by altering the amplitude, phase, or frequency
of the power carrier [11], [12], [13], [14], but the stability of
power transmission may be impacted. In [11], information, such
as efficiency, voltage and current, can be transferred to the main
server by using the equivalent parallel resonant capacitance
for impedance modulation operation, but the data transmission
rate is relatively low. Independent carrier injection method uses
an independent carrier with higher frequency than the power
carrier for data modulation, so that high data transmission rate
can be realized, and the data transmission circuits are typically
connected in parallel or in series with the power circuits to inject
and extract the data.

However, the interference between power and data in-
evitablely occurs in the shared transfer channel, and achiev-
ing accurate data separation and demodulation is difficult us-
ing simple analog filtering circuits, especially in multi-channel
data transmission systems. In [15] and [16], a four resonance
dual-rejection structure and dual-notch filter are used in the
SWPDT system to suppress the crosstalk between the for-
ward and backward data of full-duplex communication, re-
spectively, but these methods need many passive components,
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Fig. 1. Simultaneous power and multi-channel data transmission system based on OFDM.

which increases the system’s complexity. In [17], the differential
quadrature phase shift keying (DQPSK) is used to achieve
full-duplex communication with a simple system structure, but
the utilization of bandwidth is relatively low. Moreover, in
these articles, their full-duplex communications are all based
on single forward and backward data, which is difficult to
apply to multi-channel data transmission. In some particu-
lar systems, e.g., EV chargers, chargers for air or underwa-
ter drones where additional data communications need be ex-
changed between the transmitter and receiver, such as user
IDs, battery management information and power billing data,
collected drone video, which are usually separate from the
system control data transmission. For high-speed and stable
communication through multi-channel data, a hybrid modula-
tion waves PWM control method is used in [18] to realize multi-
bit signals transmission through several channels. However,
simultaneous forward and backward bidirectional transmission
of multibit signals cannot be realized, and the high switching
frequency will cause more power electronic converter switching
losses.

Aiming to address the aforementioned issues, this article
proposes a simultaneous wireless power and multi-channel data
transmission method based on OFDM. The key contributions of
this article are as follows.

1) A dual-LC resonant network is proposed and designed
in the data transmitting circuits, which can achieve two
independent data transmitting using just one data transmit-
ting transformer, giving a novel method for multi-channel
data transmission with a simpler circuit and fewer data
transmitting transformers.

A full-duplex communication with four data channels
is achieved based on the OFDM principle by ensuring
the power and all data carriers are orthogonal, which
theoretically eliminates interference of power on data
transmission, as well as crosstalk between data carriers,
and achieves higher utilization of bandwidth.

The proposed system does not require any filtering net-
work and sampling resistor in the data receiving circuits,
which greatly simplifies the system structure.

2)

3)

The rest of this article is organized as follows. Section II
gives an overview of the proposed system, mainly including
the structure configuration of the power and data transmission.
Section III analyzes the transfer characteristics of power and
data, and presents the design method used to select the system
parameters. Section IV introduces the OFDM demodulation
principle. Section V presents experimental results to validate
the theoretical analysis. Finally, Section VI concludes this
article.

II. OVERVIEW OF THE PROPOSED SYSTEM

The structure of the simultaneous wireless power and multi-
channel data transmission system based on OFDM is shown in
Fig. 1. The power transmission circuit consists of a dc power
supply, a full-bridge inverter, loosely coupled coils, bilateral
LCC networks, a full-bridge rectifier circuit, and the load R,.
The data transfer channel consists of modulated data sources,
dual-LC networks, data coupling transformers, data demodu-
lation modules. The injection and extraction of each data are
achieved by connecting the data transformers in series with the
power transmission circuit. A dual-LC resonance network is em-
ployed in the data transmitting circuit to send two channel data
simultaneously by sharing one data transmitting transformer.
In the data receiving circuit, only one shared data receiving
transformer is used to extract the data transmitted by both
channels on the opposite side. The data demodulation module
directly acquires the voltage on the secondary side of the data
receiving transformer, and the data from each channel can be
restored based on OFDM without interference with each other.

In the power transmission circuit, the bilateral LCC topology
structure is used to achieve the load-independent constant cur-
rent output. Capacitors Cy and Cp, provide additional return
paths for the higher harmonics, so this topology is also used to
filter out a large portion of the high-order harmonics generated
by the inverter and rectifier. Q1—Q, are the four MOSFETs of the
full-bridge inverter circuit. D1—Dy are the four diodes of the
full-bridge rectifier circuit. Lp and Lg are the self-inductances
of the primary and secondary coils of the loosely coupled



8896

I, Lfl
Uac
L Zg o
I
Ly Ly Zar» =Y Loz
a2t A Faaa™
Fig. 2. Power transmission equivalent circuit.

transformer, respectively. L4y and L dt1> Lgr1 and L dr1s> Lato
and L' dt2, Lgro and L ar2, are the self-inductances of the pri-
mary and secondary coils of the data transmission transformers
T1-T4. Ly, Cp1, and C,q consist of the primary side resonance
compensation network, and the Ly, Cy2, and C, consist of the
secondary side resonance compensation network.

According to the bilateral LCC compensation principle [19],
the parameters of resonant network in the power transmission
circuit should satisfy

wp=1/VL1Cpt
= 1/\/(LP + Lag1 + Lar1 + Leqr — Lf1)Cra 0
Wp= 1/\/@

=1/ s+ Laiz + Lars + Legz = L12)Cro

where w,, = 27f), is the angular frequency of the power carrier,
fp 1s the frequency of the power carrier, Lcy; and L.,z are the
equivalent inductances reflected from the forward and backward
data transmitting circuits to the power transmission circuit in the
under-resonance state, respectively.

In the data transmitting circuits, L1, Cy, Lo, and Cy consist of
the forward data transmitting dual-LC network, and the L3, Cs,
L4 and C, consist of the backward data transmitting dual-LC
network. Setting the nth data carrier frequency of the four data
is fsn, and the LC resonant network parameters of each data
should satisfy

wen = 1 / VI.Crn )

where wg,, = 27fs, (n = 1, 2, 3, 4) is the angular frequency of
the nth data carrier.

III. ANALYSIS OF TRANSFER CHARACTERISTIC
A. Power Transfer Characteristic

When analyzing the power transfer characteristics without
data transmission, the four data sources U,1—U,4 are treated as
short circuits, and the power transmission equivalent circuit is
shown in Fig. 2.

Due to the good frequency selection characteristic of the
bilateral LCC compensation structure, the dc source and full-
bridge inverter are equivalent to an ideal ac source U ,. based on
fundamental harmonic approximation, the full-bridge rectifier
circuit and load Ry, are equivalent to an ac load resistance Rg,
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and the conversion formula is given by

{Uac = 2\/§Udc/7r

3
REZSRL/TFQ ()

There are the reflected impedances from the data transmitting
and receiving circuits to the power side; the reflected impedance
of the forward and backward data transmitting circuits are desig-
nated as Z4;1 and Z 3;0; the reflected impedance of the backward
and forward data receiving circuits are designated as Zg4,; and
Z jr2; and the reflected impedances can be calculated as

Zann = (wWpMan)? /201 | Zar = (wpMar)? /20,
Zatr = (WpMa2)? /200 Zarz = (WpMaro)? /2,

where M 411, M 4,1, M 412, M 4,0 are the mutual inductances of
transformers 77-T4, respectively, and Z,,, Z,, |, Zo, Z;5
are the self-impedances of the data transmitting and receiving
circuits. Form Fig. 2, it can be seen that the impedances Z),, , and
Z,,.» are at high-impedance, so Zg,1 and Zg,2 can be neglected
because they are at low-impedance and are close to zero ac-
cording to the (4). The self-impedances of the data transmitting
circuits can be calculated as

Zgy = jwpLa// (1/jwpCh)
+jwpLla// (1/jwpCa) + jwpLiyy

Zyyo = jwpLs// (1/jwpC3)
+jwpLa// (1/jwpCa) +

From (5), it can be seen that the Z,; and Z),, are not in
high-impedance state at the power frequency, their reflected
impedances Z4;; and Zg;2 cannot be neglected, which need to
be considered in the bilateral LCC compensation calculation.
Since the data carrier frequencies are all higher than the power
frequency, the dual-LC resonance networks in the data trans-
mitting circuits are in the under-resonance state at the power
frequency, and exhibit purely inductive characteristics when
the resistances in the data transmitting circuits are negligible,
therefore the reflected impedances Z4:1 and Zg0 can also be
represented as

®)

. I
JwpLss

(6)

Zap = jpreql
Zarz = JwpLeg2

The power transmitting and receiving circuit impedances Zp
and Zg can be calculated as

Zp = jwpLyp1i + (1/jwpCr1) /[ Zp
Zp =1/jw,Cr1 + jwp (Lp + Las1 + Lar1 + Leqi)
+R1 + Zsp (N
Zs = (Rp + jwpLy2) // (1/jwpCr2) + 1/ jwpCra
+jwp (Ls + Lai2 + Laro + Leg2) + R
where Zgp = (pr)2/25 is the impedance reflected from the
secondary side to the primary side in the power transmission

circuit, R; and Ro are the internal resistances of the loosely
coupled coils.
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Fig. 3. Equivalent circuit of the forward data transfer channels I and II.

According to the KCL, the currents /p and /g in the primary
and secondary sides of the loosely coupled coils can be obtained
by

_ T 1/jwpCir1
IP = Im 1/jwpCr1+27 ) (8)
IS = jprIp/ZS

The current I, in the equivalent ac load resistance Ry, can

be calculated by

1/jwpcf2

Iy = Is— :
Re 1/]pr’f2 +]CUpo2 + Rg

9)

and if the internal resistances of the loosely coupled coils R; and
Ry are neglected, the I, can be simplified as
MUq.
Ip, = ———. (10)
" W Lp Ly

According to the (10), the output load current /g, is pro-
portional to M and U,, inversely proportional to w, Ly1, Ly,
and independent of the load resistance Rp, so the system has a
load-independent constant current output characteristic.

Combining (1), (7), (8), and (9), the system efficiency 7 can
be obtained as

_ Poul _ I]%ERE _
Pin Uaclz‘n

M?Rg
(R + Zsp)[Cra(RaRp + w2L2,))?
1D
It can be seen that the efficiency 7 is mainly related to the
mutual inductance M of the loosely coupled coils, the power
frequency w, the load resistor R g, and the loosely coupled coils
internal resistances R; and Ro, so the efficiency of the system
can be improved by increasing the mutual inductance M and
decreasing the internal resistances Ry and Rs.

B. Data Transfer Characteristic

When analyzing the transfer characteristic of one forward data
channel, the power supply and other data sources are treated as
short circuits, and the equivalent circuit of forward data transfer
channel I and ITis shown in Fig. 3. Data channels I and IT have the
same circuit structure differing only in data transmitting circuit
parameters, so the equivalent circuit of data channel II can be
obtained by exchanging the positions of L; and C; with Ly and
C,, respectively.

The forward modulated signal is injected into the forward
data transmitting transformer 77 and extracted from the sec-
ondary side of forward data receiving transformer 7. Since the
impedance of data transmission in the power transfer circuit is
significantly larger than the resistance of the loosely coupled
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Fig. 4. Equivalent circuit of the backward data transfer channels III and I'V.

coils, the influence of R and R5 on the data transmission can be
neglected, and the impedances of each part in the forward data
transfer channel I and II can be obtained as

ZY = sLi+ (1/sC1)//[—(sMan)? [ Z >
+5Lyy +sLa// (1/5C5)]

ZW = sLy+ (1/sC2) //[—(sMan)* /Z 2
+sLyy +sL// (1/5C1) ]

Zps = —(sM)?/Zy5 + sLp + sLan + sLar1 (12)
+8Lf1// (1/80f1) + 1/sCr1
Zps = —(sMu2)* /Zpa + sLs + sLasz + sLar2

+1/SCT2 -+ (SLfQ -+ RE) // (]./SCfQ)
Zy = 8L3//(1/SC3) + sL4//(1/sC'4) +sLly

where Z'; and Z!'f; are the self-impedances of data transmitting
circuit when forward data 1 and data 2 are transmitted individu-
ally, and data channels I and II have the same Zy, Z3 and Zy,.
The transfer functions of each part in the forward data transfer
channel can be obtained as

G = (1/2}1) (1/5C1) /[~ (sMan)* /22
+ (1/5C1) 4 sLiyy + sLa// (1/sCs) |
Gljgl = (1 ZH 1/802 [—(SMdt1)2/Zf2
(1/56’2) + 5Ly, +sL// (1/sCh) |

G2 = sMay
Gys=1/Zp2
Gy =sM (13)
Gys =1/Zys3
Gre = sMaro

According to (13), the transmission gains of data channels I
and II can be obtained as

Gs1 =Un1 /U = Gi&'leQGf3Gf4Gf5Gf6 (14)
G = Up1/Usy = GG oG y3G 4G ys5G g6
where U, is the voltage on the secondary side of the forward
data receiving transformer 7y, Us; and Uy are the source
voltages of data 1 and 2, respectively.

The process of backward data transmission is similar to the
forward data transmission. The backward data transfer equiva-
lent circuit of channels IIT and I'V is shown in Fig. 4. The equiv-
alent circuit of data channel IV can be obtained by exchanging
the positions of L3 and C3 with Ly and Cy, respectively.
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The impedance of each part of backward data transmission
can be obtained as

Zi = sLs + (1/sCs) //[_(SMdt2)2/Zb2
+8Lyy +sLa// (1/5C4) |

ZN = sLy+ (1/5C4) /[~ (sMas2)* | Zy
+sLyy +sLs// (1/5C3) |

Zpy = _(SM)2/Zb3 + sLg + sLai2 + sLara + 1/sCra
+(sLyz+ Rg) // (1/sCy2)
Zpz = —(SMdt1)2/Zb4 +sLp + sLa + sLar

+1/sCr1 + sLy1// (1/sCp1)
Zpa = sL1//(1/sC1) + sL2// (1/sC2) + sLyy,

(15)
where Z,; and ZV,; are the self-impedances of data transmit-
ting circuit when backward data 3 and data 4 are transmitted
individually, then the transfer functions of each part in the
backward data transfer channel can be obtained as

Gyl = (1/Z1)(1/sC3) /[~ (sMar2)* [ Zs2
+(1/5Cs) + sLiyy + sLa// (1/5Ca) ]
Gy = (1/ZY)(1/sC1)/ [~ (sMar2)* [ Zvo
+ (1/304) + 8Ly +sL3// (1/303)}
Gr2 = sMo
Gys = 1/Zp2
Gps = sM (16)
Gys = 1/Zp3
Gre = sMar1

According to (16), the transmission gains of data channels III
and IV can be obtained as

{Gss = Upo JUsz = G GraGi3GraGrsGis a7

Gss = Una/Uss = G GroGp3GpaGrsGig

where U, is the voltage on the secondary side of the backward
data receiving transformer To, Uss and Uy are the source
voltages of data 3 and data 4, respectively.

It can be seen that the forward and backward data transmis-
sion characteristics are similar and are both related to the data
carrier frequency, the self-inductances of the data transmission
transformers T7-T4, the self-inductances and mutual inductance
of the loosely coupled coils, the resistances Ry and Rs, as well as
the dual-LC resonant network in data transmitting circuits. The
self-inductance, mutual inductance, and internal resistances of
the loosely coupled coils are determined by the power transmis-
sion requirement, so it is only necessary to consider the effect
of the data carrier frequency, the self-inductance of the data
transmission transformers, and the dual-LC resonant networks
on data transmission.

To simplify the analysis and maintain the symmetry of data
transfer circuits in the parameters design, it is assumed that the
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Gain/dB

Fig. 5. Transmission gains Gy, Gy, Gfry, and Gyrj versus data carrier
frequency.

parameters of the data transmission transformers and the dual-
LC resonant networks satisfy

Ly =L} =Layyo =Ll = Las
li /
Laty = Ly,y = Lar2 = Lo = Lar

Ly =Ly=Ls—Ly—L, Mgr1 = Mgro
(18)

In order to select the appropriate frequencies for the four
data carriers, it is necessary to analyze the relationship between
data transmission characteristics and data carrier frequency. By
connecting the data sources directly to the data transmitting
transformers, the forward and backward data transmission gains
Gy and Gy, and the forward and backward data to load gains

Gyr, and Gy r,, can be obtained as

{Mdtl = M2

Gy = (l/sL&tl) G 2G 3G 4G p5Gpe
Gy = (1/5Ly;5) GraGr3GraGrsGs
Grrp = (1/5Lyy) Gr2Gr3GraGpsGry
Gorg = (1/8Ly) Gr2GraGry

19)

where Gp,, is the transfer function from the secondary side of
the power to the load R g, which can be calculated as

Gr, = Rg (1/80f2)/(8Lf2+RE+1/SCf2). (20)

The relationship between the transmission gain and the data
carrier frequency is shown in Fig. 5. It can be seen that the
Gy, Gy, Gyry, and Gy, all decrease with the increase of data
carrier frequency, the Gyg,, and Gy g, are much lower than the
Gy and Gy, and the Gy is slightly higher than the G,. It is worth
noting that the Gy g, is overall higher than the Gyg,, this is
because that the transmission path of forward data to the load
is longer than that of the backward data, which suppresses the
forward data transmission more than the backward transmission,
and hence the backward data requires a higher carrier frequency
than the forward data to minimize the impact on the load.

In order to ensure the orthogonality among the power carrier
and data carriers, each data frequency should be set as an
integer multiple of the power carrier frequency. Considering
the transmission gain of the data itself and the effect of data
transmission on the load R, the four data carrier frequencies
can be selected as fs1 = 3f), fs2 = 5fp. fs3 = 1fp, fsa = 9f, where
fp 1s the power carrier frequency with a value of 85 kHz. The
four data carrier frequencies are separated by only one power
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Fig. 6. Data transfer channel gains G41—Ggs4 versus (a) Lg¢, (b) L4 and
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frequency f,, so that the data frequency bandwidth can be fully
utilized.

After determining the data carrier frequencies, the relation-
ship between the four data transfer channel gains G41-G,4 and
the system parameters L 44, L., and L can be obtained as shown
in Fig. 6, and it can be seen that the four data transfer channel
gains have approximate characteristic curves due to similar
circuit structures. From the Fig. 6(a), the transmission gains of
the four data channels all increase with the increase of L4;, but the
increasing trend is not obvious when L4, exceeds 20 pH, so the
L, is selected as 20 pH in consideration of the transformer size,
power consumption and voltage tolerance. From the Fig. 6(b),
as the increase of Lg,, the transmission gains of the four data
channels show a tendency of increasing and then decreasing,
and the maximum gain occurs in the range of 20-30 pH, so the
L, is selected as 20 p/H. From the Fig. 6(c), the four data transfer
channels gains decrease with the increase of Ly, so Ly can be
reduced to improve the data transfer channel gains, but too small
L, will increase the value of the resonant capacitance matched
with it, which will increase the size of system, so the value of
L, is selected as 2.2 pH for comprehensive consideration.

IV. OFDM DEMODULATION PRINCIPLE

In the time domain, if two sinusoids satisfy

b
/ sin (wyt) - sin (wat) dt = 0 (21)
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the two sinusoids can be regarded as orthogonal in the interval
[a, b], where w1, wo are the angular frequencies of the two
sinusoids. From the (21), it can be seen that in the sinusoidal
function cluster, sin(?), sin(2¢), sin(3f), ..., sin(nt) are orthogonal
to each other in the interval [(2k + 2)m, 2k7], where n and k are
positive integers [20], [21], [22]. Therefore, when some of the
function clusters are arbitrarily selected as data carriers, there is
no interference between data carriers with different frequencies,
even if they are very close in frequency.

The modulation and demodulation principle of simultaneous
power and four data transmission is shown in Fig. 7, which
contains a power carrier and four data carriers, and the corre-
sponding angular frequencies are w,,, 3wy, Sw,, 7w, and Yw,,
respectively. The data modulation is based on the amplitude shift
keying (ASK) principle, while the data demodulation is based on
the OFDM principle. On the data transmitting side, the forward
data I and 2 and the backward data 3 and 4 are multiplied by their
corresponding data carriers and mixed with the power carrier
to transmit. On the data receiving side, the received complex
wave is multiplied by the corresponding demodulating waves
for integration and threshold comparison to restore the data.

Taking the data 1 transmission process as an example, the
power carrier U,, and the data 1 carrier U can be expressed as

Up = Upp sin (wpt)

. (22)
Us1 = Ups1sin 3wyt + 1)

where U, and U, are the amplitudes of the power and data
1 carriers at the transmitting side, respectively, and ¢; is the
initial phase difference between the data 1 and the power carrier.
Based on the 2ASK principle, when the data 1 is “1” or “0,” and
the corresponding complex wave Uyt and Upizo at the data 1
receiving side can be obtained as

Ubin = U}, 4 Uty = U, sin (wpt + Agpy)
+Umsl Sin (3w[)t + ©1 + A‘Pl)
Unito = Uy, = Uy, sin (wpt + Aypy)

(23)

where Uy, and U}, are the power and data 1 carriers obtained
at the data receiving side, respectively, the U}, ,, and Uy, are
their amplitudes, and Ay, and Ay, are the phase differences
generated by the transmission network.

By multiplying the U., with the complex wave Ui and
Ubito, respectively, the functions to be integrated, Vi and
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Vbito, can be obtained as
WVoin = Ulq X Upia
= UpUpns1 sin (wpt + Agp) sin (3wt + @1 + Apr)
U sin® (Bwpt + o1 + Apr)
Voito= U}y X Ubito
= UppUps1 sin (wpt + Agy) sin (3wpt + @1 + Apr)
(24)
and their integral results can be obtained as

T U2z.,T
Vhindt = —msl=
fO bitl 2 (25)

fOT Vhitodt =0

where the T is the time period of the power carrier, this is
because according to the OFDM principle, the integration period
is usually determined by the lowest carrier frequency, and the
power carrier is the lowest frequency carrier in the proposed
system. It can be seen that the integral results of transmitting
data “1” and “0” have a significant difference, so the data can
be restored by an appropriate threshold comparison.

V. EXPERIMENTAL VERIFICATION

To verify the theoretical analysis of the proposed simultaneous
power and multi-channel data transmission method based on
OFDM, a 40 W experimental platform is built as shown in
Fig. 8. The prototype mainly consists of the power transmitting
and receiving circuits, the modulation and sampling modules,
the transmitting circuits of data 1-4, the data receiving circuits,
the power supply and the load. The outer and inner diameters
of the loosely coupled coils are 5.5 and 2 cm, respectively,
and the gap is 1 cm, which is probably applicable to portable
electronics, smart home appliances, and mobile devices. The
specific parameters utilized in the prototype are given in Table I.

The waveforms of power transmission alone are shown in
Fig. 9, Up and Ug are the primary and secondary voltages of
the loosely coupled coils, respectively, and Ug is the output
voltage on the load Ry. It can be seen that both Up and Ug are
sinusoidal thanks to the good frequency selection characteristics

IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 39, NO. 7, JULY 2024

TABLE I
SYSTEM PARAMETERS
Parameter Value Parameter Value
R 11.5Q Ci 177 nF
Lp, Ls 29 uH C 63.7 nF
M 14 uH C3 32.5nF
L, Ly 15 uH Cs 19.7 nF
Cn, Cp 233 nF I 85 kHz
Cr1, Ga 86 nF fa 255 kHz
Li, Lo, Ly, Ls 22uH fia 425 kHz
La 20 uH 13 595 kHz
Lar 20 uH fea 765 kHz
Ule 24V Di-Ds SS26
01-04 IRF540N - -
UO + aak s o e - = 1 - e
20V/div b . i g b : i
3%
50V /c
r /\ |
. 7 E*I q /\ /\ ﬂ
50V/div V U
M 10ps/div
Fig. 9. Waveforms of power transmission alone.
U, L= Sl s - bigrep
20V/div
3*
)V j 1

M 10ps/div

Fig. 10. Waveforms of simultaneous power and four data transmission.

of bilateral LCC structure, and the output voltage U o maintains
a stable dc output with a value about 21.3 V. The waveforms
of simultaneous power and four data transmission are shown
in Fig. 10, and it can be seen that the Up and Ug have been
slightly distorted due to the data transmission, but the output
voltage U still maintains a good dc output with a value about
21.4 V, which is almost the same as when power is transmitted
alone. Therefore, it can be assumed that the power transmission
is virtually unaffected by the data transmission.

To verify the constant current output characteristic of the
proposed system, the power transmission efficiency 7 and output
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current /o under different load resistance R are shown in
Fig. 11. When the R}, increases from 3.5 to 19.6 €2, the output
power P increases from 14.8 to 50.9 W, and the R, is 11.5 )
for a rated power of 40 W. In the area near the rated power,
the efficiency 7 is about 0.8. Taking the current at the rated
power point as areference, the output current changes from-13%
to 10.4%, which is significantly smaller than load resistance
variation (+70%), demonstrating that the proposed system has
a good current stabilized output characteristic.

To transmit different cyclic data sequences “0101,” “1110,”
“1000,” and “0011” into the corresponding four data transfer
channels, respectively, and the waveforms of the demodulation
process of forward and backward data are shown in Fig. 12.

InFig. 12, U,1 and U, are the voltages sampled at the forward
and backward data receiving sides. In demodulation process
based on the OFDM principle, U,; and U, are integrated after
multiplying them with the corresponding data demodulation
waves U’ ;1—-U 4. When the system is initialized, each data
carrier is transmitted to the corresponding data receiving circuit
individually in sequence, and the corresponding waveforms
received by the data receiving circuit are recorded by the soft-
ware program and used as demodulation waves U’ s1-U' z4. The
integration period is one power carrier period, and the 85 kbps
transmission rate can be obtained for each data. Influenced by
the parameter error of experimental components and sampling
accuracy, the obtained integration results will have small fluc-
tuations even if the same data are transmitted. However, it can
be seen that the integral values of data transmission “0” and “1”
have obvious differences, and the corresponding demodulation
results can be obtained by selecting the appropriate comparison
threshold in every data channel. The threshold is selected to be
half of the difference between the average value of the integrals
of several data ““1” and the average value of several data “0.” It is
worth noting that the integration results when the transmission
data is “0” are not exactly equal to zero, which is due to system
parameter errors and switching processes.

The comparison between some typical SWPDT references is
given in Table II. Compared with other references, the proposed
SWPDT system based on OFDM can achieve two-channel for-
ward and two-channel backward data transmission simultane-
ously with higher bandwidth utilization. In particular, compared
with [15] and [16], which have relatively high power and data
transmission rates, the proposed method requires fewer passive
components in the data transmission channel and has a simpler
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circuit structure. The main advantage of this article over the
high power transmission literature [17] is the higher data rate and
much lower ratio of carrier frequency to transmission rate. Com-
pared with the literature on multi-channel data communication
[18], the proposed method enables full-duplex multi-channel
communication with higher data rate.
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TABLE II
PERFORMANCE COMPARISON
. Fan Wang  Qian Xia
This paper et al. et al. et al. et al.
[15] [16] [17] [18]
P,/ W 40 600 400 3300 <35
Modulation ASK+OFDM ASK  ASK DQPSK PWM
Coils size / cm 5x5 - 40 x 40 - -
Transfer distance / cm 1 - 30 - -
Data rate / kbps 2x85/2x
(Forward / Backward) 35 80/80 100/200 64/64 2x16/
Number of data channell 4 2 2 2 2
Ratio of the carrier
frequency to the 3,5/7,9 25/15 14/21 78/97 %573
transmission rate /-
(Forward / Backward)
Average number of
passive components 3 10 12 8 3
per channel

VI. CONCLUSION

In this article, a simultaneous wireless power and multi-
channel data transmission method based on OFDM is proposed.
The power transmission uses a bilateral LCC compensation
structure to suppress the high harmonics generated by the in-
verter and to achieve load-independent current output. The data
transmitting circuits adopt the dual-LC resonant networks to
achieve two independent data transmitting using only one data
transmitting transformer. The modulation of the data adopts
2ASK principle, and the data can be demodulated according
to OFDM principle. Moreover, the data receiving circuits do
not require any filter circuit and sampling resistor, and the
system structure is simplified. The equivalent transfer circuits of
the power and data are established, and the system parameters
impact on transmission gain is analyzed. Finally, a 40 W exper-
imental platform is built and a 4 x 85 kbps data transmission
rate is achieved. Experimental results show that four-channel
data in two forward and two backward channels can be trans-
mitted accurately without the interference from power and other
data carriers according to the OFDM principle. Moreover, the
proposed system exhibits a high data bandwidth utilization.
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