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Fig.1 Coplanar double-coil coupler
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Tab.2 System parameters

R o
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l4/mm 1000
d/mm 500
Po/kW 5
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L/uH 221.97
L,/uH 166.89
Ls/pH 166.13
L4/pH 219.53
C\/nF 792.31
C,/nF 1053.45
Cs/nF 790.98
C4/nF 1 059.03
RU/Q 10
Cys1/pF 1.22
N 9
N, 10
N3 10
Ny 9
[n/mm 7.5
M>/uH 83.01
M3/uH 20.73
M, 4/pH 30.35
My3/pH 16.48
M>4/uH 21.15
M34/pH 84.98
Lg/uH 91.36
Ly/pH 92.57
Cq1/uF 2.45
Co/uF 2.44
JJ/MHz 15
Cis2/pF 1.32
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Fig.9 Coplanar double-coil coupler in simulated seawater
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Fig.12 Voltage u;,, u, and current i, iy waveforms

(with information transfer)
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Tab.3 Performance of the system under

different conditions

fjj/ ﬁ%ﬁm TR W AR (%) iﬁ%f/
4 30 5.14 89.84 8.72
4 40 5.11 87.10 7.07
4 50 5.14 85.54 5.69
5 50 5.12 82.10 3.10
6 50 5.13 81.38 2.38

M 3 ol LU, AR AR IR 4 0 % DL R
SERABEONT, RGN R AL SR FIE B AL
Yoy A S S U/ T RS I, R ) R A R A e T
J%, {E 30 cm A% T 1090 KB/s (8.72 Mbit/s).
A AR 1) 2 26 DL AR i BE S AN AR I O
It o A AL 7K PR R R N, WK T | R R R TR AR R
BEOR, G010 RE A% R0 RN JE AT Y T S B
RS R | T N (E PR o o e S R B |
81.38%, i EMEHIHLIAZE] 298 KB/s (2.38 Mbit/s),
RRGATIR HAT B 1) v R A i T R R e AR B A%
HOE R, FIRSTIG R — DR T AR KR,
[F) I 32 T R GE W AR i o % . A i B 8 A R A A i
THPSE PR A FE AR R

AR SCAE S I rp sk T B U e (0 O K e A
SRAL T ), 6 R AE R I ) A% IR S G P
W REEAT T, A5 R A g R S
15 B IE AR 4 T 1 Ik g5 SRR

RAGHTAITRBP RS TEMRES HAr
AH G 228 SOk BT 4 TR KR PR rp L Sl 1 (R
) TAEMERE L . R 4 T DL, ARSCHEH
(1) R GAEAL R 25 . HLBE A% i 2 2 LA KA B A% i
JETTMAAF 2 TR RIETE . M8%,  H i &R M SCk
KF MC-USWPIT R4 (1N H 15 SRR & MU A7
K225, MECAAEAR R (45 ol R kAT b . AL
MRS E LA 5 SCER 1814 A il ,  w] Ll A% b
CREHEE 3 5 R A VU AR B0 K D 1R/
AT, — N, BRI, RErERER
PRI AE BEOR o AR SR S AU BEAR L2100 0.5, 1T 3¢
HR[181RE S WL FEAR L2y h 0.28, WLLE I, AR
B 1) R AR LE I 4 1F S T R8I
R B . LR A% iy D) %8 DL R AR JE A i T FE (1 (] B
27t

x4 MEREILR

Tab.4 Performance comparison

ik ety HL it £ 4 1 A H o i/
BB /cm /W (kbit/s)
[17] 3 518 500, 700
[18] 6 1000 1000
[19] 5 200 30
AL 50 5330 5550
5 %t

A SCIF AT T AR 32 S8 K IR B8 N 6 A
A5 55 PR T % T PR T £ rl R AN 20 DA R £
BRI, A BB KA MER T, (RIS
LR Th 2 o R A i R B D g 3 00 1 £ B

X BT SR, ARSCEEM T —Bh 3 TSt i gk
LMK T a5 EBIHMTHRmARS%, IFaH
T RGN BB P TR Ak 2 B S AE B
it BERRAR T (5 B AR e B i R N g, U )
TN LR A L 5 A S A A T T R A
T A S A R FR R LC L T E R
Jiik, ¥ LC LA AR AR B A R AT 58 Ak,
FANCR I 7R AE 5 /5 14 B e v 28 30F — 20 Mo/ 7 H R
A i 0 T 55 A S A B L TR R R I DA B A R A
WIER RN ), BIRT REMBIFAHERE: ERE%
A BT FERL B, SR T W BB AR S T A B A%
I AL TP 5 5 B R R RN R B 1 S R gk,
HZ O, BEREAR T K IR EE SR i ke, X
A BTN K ) 26 (1 HL B AR SR A T T
R o

E LIRBEIC I SER b, AT A, E
TR I R G TR I E R R . AR
A 415 S/m BRI K SER IR BT T, & S (AR i
FREBGIAR] T 50 cm, HLREALHI )AL R T 5.33 kW,
5 B L 3] T 5.68 Mbit/s. WF5T R £,
AT R MC-USWPIT £ 45} 7 ¥ 0] LIAE & 48
(1) A% i R 2 A i I R RN R A i T R 1S BB K
Tt

5 % 3k

[1] SCifg 5, ROR4E, Rwiif, . KNG IEE L

e RE R AR KN R ZRIR[T]. K EANR S

224, 2019, 27(4): 361-368.
Wen Haibing, Song Baowei, Zhang Kehan, et al.



40 B 12 1

A=A 5 T I P 4R B K K R B AL R S S BORAT M R 4

3767

[4]

(5]

[6]

[71

Underwater magnetically-coupled resonant wireless
power transfer technology and its applications: a
review[J]. Journal of Unmanned Undersea Systems,
2019, 27(4): 361-368.

RIBTE, P, BRER, SE. KR Gk HL AR AL
AR N IR 4538 (1], B DEAR 2R, 2019, 34(8):
1559-1568.

Wu Xusheng, Sun Pan, Yang Shenqin, et al. Review
on underwater wireless power transfer technology and
its application[J]. Transactions of China Electro-
technical Society, 2019, 34(8): 1559-1568.

Painter H, Flynn J. Current and future wet-mate
connector technology developments for scientific
seabed observatory applications[C]//OCEANS 2006,
Boston, MA, USA, 2006: 1-6.

FHRE, KRFW, KO, & KT AMAT K
NI g AR R BIEST[T]. MR HOR, 2020,
42(23): 159-162.

Feng Lijun, Zhu Chunbo, Zhang Jiantao, et al.
Research on key technology based on wireless
underwater

2020,

charging unmanned
vehicle[J].
42(23): 159-162.
B, M DORT, RS, 5. Gk RE B R Y
RIRTEBR 5 QB 1) AL [T]. A D HOR 224, 2021,
36(8): 1547-1568.

technology for
Ship Science and Technology,

Xue Ming, Yang Qingxin, Zhang Pengcheng, et al.
Application status and key issues of wireless power
transmission technology[J]. Transactions of China
Electrotechnical Society, 2021, 36(8): 1547-1568.
AT, JRENL, XA, AL FETXUL LC M
LA G ol Rtk R AT B T HR AR,
2022, 37(17): 4306-4314.

Liu Zhe, Su Yugang, Deng Renwei, et al. Research on
single capacitive coupled wireless power transfer
system with double-side LC compensation[J]. Transac-
tions of China Electrotechnical Society, 2022, 37(17):
4306-4314.

S RN, Bobk R, I, AF. KR BA e A AL
Hay 1 HL 3 R 5 T £ L e AR A R G e B B AL T T
[J]. L LEAR2EH, 2022, 37(10): 2399-2410.

Su Yugang, Qian Linjun, Liu Zhe, et al. Underwater
electric-filed coupled wireless power transfer system

with rotary coupler and parameter optimization

(8]

(9]

[10]

[11]

[12]

method[J].
Society, 2022, 37(10): 2399-2410.

JEG, AR, BRAEAR, AE. T RO AR AR AR AR Y
F 0 A TG 2k P B A 0 R G A I A PP AL [T, L)
RY HAFML, 2024, 48(3): 142-149.

Zhou Wei, Zheng Yufeng, Chen Zelin, et al. Detuning

Transactions of China Electrotechnical

estimation of pickup loop in capacitive wireless

power transfer system based on secondary-side

decoupled capacitive Automation of
Electric Power Systems, 2024, 48(3): 142-149.
MR, SR, NER, AL R T HUEUUN R A AR
DA 1 42 7 A7 0 2k FL e A% i 2R G0 R 1) A% fE T VA D).
H T4 R 22 3R, 2023, 38(24): 6581-6595.

Feng Tianxu, Shi Ke, Sun Yue, et al. Targeted power

coupler[J].

transfer method for omnidirectional wireless power
transfer system based on mutual inductance identi-
fication and phase-shift angle optimization[J].
Transactions of China Electrotechnical Society, 2023,
38(24): 6581-6595.

JRENL, X G E R, AR RS B R I
V61 V- 100 < Ja 10 5% i B AR T VA (D], D BOR 244,
2022, 37(3): 578-588.

Su Yugang, Liu Jiaming, Wang Zhihui, et al.
Influence analysis of metal in the same plane with
pickup coil on magnetic coupler and suppression
method[J].
Society, 2022, 37(3): 578-588.

WE s, W28, A, & BT XU MRS &
P2 0 v PG AL i e TC 2k L Be AR S R A [0]. ML LER

241, 2023, 38(18): 4838-4852.

Transactions of China Electrotechnical

Xie Shiyun, Yang Yi, Li Lian, et al. Wireless power
transfer system with high misalignment tolerance
based on bipolar coupling magnetic-field control[J].
Transactions of China Electrotechnical Society, 2023,
38(18): 4838-4852.

PO RE, BRFf, ERE, & BRLEZSHEK
I 2K 1 1L 2k HL BE A% i A S8 PN % 7 15 [J/OL]. H
T A 24K, 2024, https://doi.org/10.19595/j.cnki.
1000-6753.tces.240847.

Jia Yahui, Chen Fengwei, Wang Zhihui, et al. Anti-
misalignment method of detuned wireless power
transfer system considering coil parameters vari-
ations[J/OL]. Transactions of China Electrotechnical

Society, 2024, https://doi.org/10.19595/j.cnki.1000-



3768

O A NI

2025 % 6 H

[13]

[14]

[15]

[16]

[19]

[20]

6753.tces.240847.

F g, BT, BRI, SE. KR AT A N X
To 2k i RE AL B BOR BT FLLRIR (7). [ L TR 2 4
2023, 43 (24): 9668-9682.

Yan Zhengchao, Hu Qianyu, Zhao Chenxu, et al.
Review on inductive wireless power transfer
technology for underwater vehicles[J]. Proceedings of
the CSEE, 2022, 43(24): 9668-9682.

Yao Yousu, Sun Pengfei, Liu Xiaosheng, et al.
Simultaneous wireless power and data transfer: a
comprehensive review[J]. IEEE Transactions on
Power Electronics, 2022, 37(3): 3650-3667.

@M, ki, R DA LL RS SR
7l 20 A% B g AR R e (B B I RI[]. W T
A2, 2022, 37(14): 3487-3501.

Li Jianguo, Zhang Bo, Rong Chao. An overview of
simultaneous wireless power and information transfer
via near-field magnetic links (part [ ): digital modu-
lation[J]. Transactions of China Electrotechnical
Society, 2022, 37(14): 3487-3501.

Chen Guodong, Sun Yue, Huang Junxin, et al.
Wireless power and data transmission system of
submarine cable-inspecting robot fish and its time-
sharing multiplexing method[J]. Electronics, 2019,
8(8): 838.

Wang Yijie, Li Tao, Zeng Ming, et al. An underwater
simultaneous wireless power and data transfer system
for AUV with high-rate full-duplex communication[J].
IEEE Transactions on Power Electronics, 2023, 38(1):
619-633.

Li Tao, Sun Zhichao, Wang Yijie, et al. An under-
water simultaneous wireless power and data transfer
system with 1-Mbps full-duplex communication
link[J]. IEEE Transactions on Industrial Informatics,
2024, 20(2): 2620-2631.

Zeng Yingqin, Lu Conghui, Liu Renzhe, et al.

Wireless power and data transfer system using

multidirectional magnetic coupler for swarm AUVs[J].

IEEE Transactions on Power Electronics, 2023, 38(2):
1440-1444.

Hou Xinyu, Su Yugang, Zuo Zhiping, et al. A novel
analysis method based on quadratic eigenvalue
problem for multirelay magnetic coupling wireless
IEEE Transactions

power transfer[J]. on Power

[22]

[24]

[25]

[27]

Electronics, 2021, 36(9): 9907-9917.

Yang Lei, Huang Jingjing, Feng Baoxiang, et al.
Undersea wireless power and data transfer system
with shared channel powered by marine renewable
energy system[J]. IEEE Journal on Emerging and
Selected Topics in Circuits and Systems, 2022, 12(1):
242-250.

EAF, KO, REFEW, & WBERTXN KT
2 L R A i R GE I S WL BRI ST RE S (7], ML EEOR
2241, 2025, 40(3): 653-675.

Wang De’an, Zhang Jiantao, Zhu Chunbo, et al.
Review of progress in the study of marine
environment effects on underwater wireless power
transfer systems[J]. Transactions of China Elec-
trotechnical Society, 2025, 40(3): 653-675.

Zhang Kehan, Ma Yunshan, Yan Zhengchao, et al.
Eddy current loss and detuning effect of seawater on
wireless power transfer[J]. IEEE Journal of Emerging
and Selected Topics in Power Electronics, 2020, 8(1):
909-917.

WK, ATRE, ERT, AR TR R G 2 e
W5 WP AR R T (0] B DR R, 2024,
39(14): 4270-4281.

Jing Yongzhi, Fu Kang, Qiao Ke, et al. Simultaneous
transmission method of wireless power and signals
based on integral demodulation[J]. Transactions of
China Electrotechnical Society, 2024, 39(14): 4270-
4281.

SN, MR, BE K, & TR E
REAR 5 JFAT R 48 B YL T34 (0], i C R
2, 2024, 39(6): 1613-1626.

Su Yugang, Deng Chenlin, Hu Hongsheng, et al.
electric-field

Crosstalk suppression method for

coupled power and signal parallel transmission

system[J]. Transactions of China Electrotechnical
Society, 2024, 39(6): 1613-1626.

Askari A, Stark R, Curran J, et al. Underwater
power transfer[C]//2015 IEEE Wireless
Power Transfer Conference (WPTC), Boulder, CO,

USA, 2015: 1-4.

wireless

Yao Yousu, Tang Chengxiong, Gao Shenghan, et al.
Analysis and design of a simultaneous wireless power
and data transfer system featuring high data rate and

signal-to-noise ratio[J]. IEEE Transactions on Indu-



o940 B3 12 3] A=A 5 T I P 4R B K K R B AL R S S BORAT M R 4 3769

strial Electronics, 2021, 68(11): 10761-10771. Communications Magazine, 2015, 53(11): 42-48.

[28] Fan Yuanshuang, Sun Yue, Deng Pengqi, et al. A [31] Li Yuzhou, Wang Shengnan, Jin Cheng, et al. A
simultaneous wireless power and high-rate data survey of underwater magnetic induction communi-
transfer system based on transient responses regu- cations: fundamental issues, recent advances, and
lation[J]. IEEE Transactions on Power Electronics, challenges[J]. IEEE Communications Surveys &
2023, 38(8): 9362-9366. Tutorials, 2019, 21(3): 2466-2487.

[29] Fei Yingjun, Xiao Jing, Tang Chunsen, et al.

Improving the transmission distance of wireless fE&E N
power transfer systems using coplanar double-coil A=A B, 1997 AR, WLWRAE, BRSO I b T0 4k B kA% i

coupler[C]//2022 TEEE 9th International Conference B BB THEA.

on Power Electronics Systems and Applications E-mail: 20211301008@stu.cqu.edu.cn

(PESA), Hong Kong, China, 2022: 1-5. AERB, 1962 A, HFL, WLESI, WS ALk E
[30] Akyildiz I F, Wang Pu, Sun Zhi. Realizing underwater et . T TR, BHER NS Aok REHEN .

communication through magnetic induction[J]. IEEE E-mail: su7558@qq.com Cili {5 1E#)

Underwater Simultaneous Wireless Power and
Information Transfer System with Coplanar Double-Coil Coupler
Deng Renwei'  Su Yugang'?  Hu Hongsheng'®  Yang Xuefeng' Fei Yingjun'

(1. School of Automation Chongqing University Chongqing 400043 China
2. China National Center for International Research on Wireless Power Transfer Technology
Chongging 400043 China)

Abstract In underwater applications, such as underwater robots, autonomous underwater vehicles (AUVs),
and remotely operated vehicles (ROVs), magnetic-field coupled wireless power transfer (MC-WPT) enables the
transmission of electrical energy without electric contact, improving the flexibility and security of power transfer.
Underwater electrical devices and base stations must achieve long-distance and high-power wireless power
transfer while realizing high-speed bidirectional wireless information exchange to enable command transmission,
data feedback, and closed-loop control. Many scholars have researched shared-channel magnetic-field coupled
underwater simultaneous wireless power and information transfer (MC-USWPIT) technology. However, there is
still a gap between the transmission distance, power transfer capacity, information transfer speed, and the
requirements of engineering applications. Therefore, this paper proposes an underwater simultaneous wireless
power and information transfer system with a coplanar double-coil coupler. The research focuses on rapid
wireless power replenishment and high-speed bidirectional information transmission for AUVs in seawater. The
goal is to achieve high-power energy transfer and high-speed bidirectional information transmission over long
transmission distances.

The coupler with a coplanar double-coil and the MC-USWPIT system topology are proposed. Using the
relay coil for information transmission reduces the voltage stress on the information transmission circuit and
helps mitigate the crosstalk between the power and information transfer channels. By employing an injecting
information method with a series of LC circuits in the information transmission channel, the LC circuit is fully
compensated at the power transmission frequency. Furthermore, smaller capacitance-blocking capacitors further
reduce the crosstalk between the power transmission channel and the information transmission channel, as well as
the voltage stress on the information transmission channel, thereby reducing the difficulty of system design.

Subsequently, the system is analyzed and modeled, and equivalent circuit models for the power and
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within a serial communication bit rate range from 240 to 800 kbit/s. The BERs can be maintained at a low level,
and the effects of the pole plate offset on the signal and power transmission are verified. The transverse drift ratio
reaches 87.5.0%. In the case of the pole plate offset with an 87.72% lateral drift ratio, the signal transmission
efficiency of the system is only 22.66%. Under the magnetic shielding function of the metal pole plate, the signal
transmission is robust under extreme working conditions, improving the reliability of the power transmission
process. The shielding pole plate reduces the power transmission efficiency but has a significant shielding effect
on electromagnetic leakage. Compared with the existing wireless energy and data synchronous transmission
technology in transmission efficiency, transmission distance, signal rate, and BER, the correctness and feasibility
of the proposed method are verified.

Keywords: Wireless power transmission (WPT), simultaneously wireless power and data transfer (SWPDT),
capacitor shield plate, full-duplex communication
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information transfer channels are provided. A parameter design method for the MC-USWPIT system is proposed.
The method reduces the eddy current losses induced by the seawater and minimizes the impact of high-power
energy transmission on the information transfer speed. It enables the simultaneous improvement of transmission
distance, power transfer capacity, and information transfer speed in a frequency-division multiplexed MC-
USWPIT system.

Finally, a 5 kW experimental setup in simulated seawater is constructed. In an environment with a seawater
conductivity of 4.15 S/m, the system achieved a transmission distance of 50 cm, an output power of 5.33 kW, and
an information transfer speed of 5.68 Mbit/s. Furthermore, under varying seawater conductivities (4, 5, and 6 S/m)
and transmission distances (30, 40, and 50 cm), the system still demonstrates good power transfer performance
and high information transfer speed. The experimental results confirm that the proposed MC-USWPIT system
and method can effectively improve the transmission distance, power transfer capability, and bidirectional
information transfer speed in simulated seawater.

Keywords: Simultaneous wireless power and information transfer, underwater environment, magnetic-field
coupled, coplanar double-coil coupler
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