THE IEICE TRANSACTIONS ON COMMUNICATIONS (JAPANESE EDITION)

GiC BT IS RiIBIE A
[:3 §ZmL--

DOI:10. 14923/transcomj. 2025 JBP3034
EH/A B8 H :2026/03/11

ZAPDFit, BHIABIRTH 2. XA %51 HT 3BECE,
EFEHREEZENGRGERROLB8Y BEY A =
74)D [ 8. RHIAB] 22R¥+3C L.

wmE/J Y41 I71

s R SR A
winz) EB T iR SRIBIO TS
THE COMMUNICATIONS SOCIETY
THE INSTITUTE OF ELECTRONICS, INFORMATION AND COMMUNICATION ENGINEERS



EAN
i

k=7 U — MEZRIA L 7z B ATk O T

Bz Hoh XN

FHH gLTTD

Analysis of Radio Wave Propagation

E# tagﬁc)

ﬁ IE%&TTN) [ﬁ% Gl TTite)

Using Hollow Cylindrical Concrete Structures in Sea Water

Tomoki FUKUIE™, Masaharu TAKAHASHI™, Nozomi ISHIIT™®, Qiaowei YUANTTT® |

Qiang CHEN'™"® and Hiroshi YOSHIDAT7TD

HOFEL FEHEOTHEAPE LRI BERBORTEROSRAE B, WHoar s ) — MEEY & E
RERARERE & U CHIAT 287 2 BE(E v A7 A2 _E L2, R TlE, FEEO R AR IS 72
ERARELA N BRI G 2 D A, EHRMOERET Vv ORYY, T3 U — R
F D WME DRI R A BLAERATIC L VS Lie, B ORR, HEORERB LORZET v 7 S okiE
FMCBT DV AT DL ATREMED R S 4, FEROD VAT ARGFHIBT 2B ARmAN G oni.

F—J—F B, BIk=r 2V — ME CEIEE FDTD ik, ¥ELEESFEE

1. FALE

A, HAERED R L —0—2& LT ERERSD
CENEE SN TS, ZHIUTEREM O ARECER
HMEZ A CX, RESGFTOGKNEZZITIC W)
Thsb. BATEHELON 70 %23 LtthThH v, A
IHERCEE EO LRI AR EMICER L TWDHZ &
Ne, ke EORADFEEZ DS < 1T EBEHISIH L T
W5, UL, EREMTIIRBILOZEER14y 72 f% & im

POy, T
Chiba University, 1-33 Yayoicho, Inage-ku, Chiba, 263-8522 Japan
I PR
Niigata University, 8050 Ikarashi2-cho, Nishi-ku, Niigata 950-2181
Japan
T gk TR, G
Tohoku Institute of Technology, 35-1, Yagiyama Kasumicho, Taihaku-
ku, Sendai 982-8577 Japan
T bk, e
Tohoku University, 6-6-05 Aramaki-Aza-Aoba, Aoba-ku, Sendai 980-
8579 Japan
T PRI T e, AR
JAMSTEC , 2-15 Natsushima-cho, Yokosuka, 237-0061 Japan
a) E-mail: 22t0851w @student.gs.chiba-u.jp
b) E-mail: omei@{faculty.chiba-u.jp
¢) E-mail: nishii @eng.niigata-u.ac.jp
d) E-mail: qwyuan616 @tohtech.ac.jp
e) E-mail: qiang.chen.a5@ecei.tohoku.ac.jp
f) E-mail: yoshidah @jamstec.go.jp

FEORERDHE L <, KB B O E LR B
Z. —JF, ARIFHFEENERE L, H RO R RE
FICHARTHELS BAOEN D722, BAF722 B A
Bohsd. 20D, HEERDEEIILE LK ER
DS, BAROENBICB O TRERIBELZ
HTHLEEZLNTWA[]. L LEEERRSIREREIC
IIRSFEHE A hOBREWVIRERH D, ZHd,
FEBRMENT 7 8 AOH LW RICERE SN TS
DTHY, BRI CRERMIS ETBHL, &
A N—RHRCHIE SN AU Ke— 2 & O CRSFE
BHET) FEN RO THD. LrL, £A4 13—
L AERITITLAHETOY AN LS. F7-, Wh R
o — AT — &2 N L 3 A T Dt o B
MEF L, TH—DHE VT L > THEHEE & RO
FATHZERHLNE NS MERHD. NS0
MEMRT 2 FEE LT, R Re—r ek EE2fs
MRS ORENLIC L 0, RSFPEBIEEOBRIL D RS
Iha.

— I, WEEIC T D ERREE IS T F R AR < F
HAINTna2]l. BEIZEECHRBICHTHEAKF
TOWENNEL, REFEREICEL TWD7HTh
%, —T, FEOWKPIZE D EHEE LN 1.5

BRERBEPLH/IE B Vol JXXX-B No. X pp. XXX-XXX © (1) BEFIEMBEISZS XXXX 1



4

EER R St AEE XXXX/XX Vol JXX-B No. X

YN
=

halll
Ty

km/s & BIICHANTIEFIEETH Y, HFORE
HRE V. Fo, WESOURE O OL B, kR
JERTRIE I K AR e £, Fiic X amEicii£ <
OFEMNFIET H[3][4]. & Z TABETIX, HHT
OBFMBISAO—FIE LT, R RICEZNDPE
RS FEERED 2T ) — WS & BRI DR
e LUTEAT A FIEEREL TS, Zhic Ly,
WK H T OB AR & R/ NRIZ B 2 2o, #i
YRR Tl E~ME S AEE L, ERPCHEETS 2
LN TE D EWFREIND[5]6][7]-

KLY AT LADA A=V k7. AREE, ER
AR BRI ORSFEHEE B AR Ra— 2 TT)
TLEEELTEY, #P TOBBIRGIRC X AHK
ZR/ARICIZ oo, BEOar 7 ) — MEEY)E
LI GBS EERET 28R TEICRDEBEZDL
nA[8]109].

AT, BEXEERDREH MO M TH
D AN—TIREE[101 2 0 G & LT EBAGEE Y AT L%
RL, BEOLEESTHDIMERKFTOBR=a
U — MERNERSSZ DU R D BRI SRR 2 5
TEMEAT LT-. EREE 2B L8l 7 v T J -2
> 7 ) — RSN BRI AR IS 5 2 D B iR
LRSS, MR osmAL k=7 U — MEE,
BRI & L CHIARRETH D Z EAREND &
LB, ABOVAT AERFHIB W T A m L
L.

Sea water

Receiving antenna

Electromagnetic

Concrete
((( - Underwater drone

K1 fESAT A
Figure 1 Wireless Communication System.
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Table 1 Electrical Properties of Concrete.

Frequency Relative Conductivity
[MHz] permittivity [S/m]
10 6.33 5.13x10*
30 6.20 9.39x10*
100 5.87 2.43%x107
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Figure 2 Analysis model (cylindrical model) .
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Figure 3 Electric field intensity distribution in each frequency band
(cylindrical model) .
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Table 2 Attenuation constant (cylindrical model) .

Frequency [MHz] Attenuation constant [dB/m]

10 0.93
30 1.72
100 3.19
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Figure 4 Transmission coefficient in each frequency band.
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Figure 5 Analysis model (semi-cylindrical model) .
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Figure 6 Electric field intensity distribution in each frequency band
(semi-cylindrical model) .
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Figure 7 Transmission coefficient (z = 20.0 m).
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Table 3 Attenuation constant (semi-cylindrical model) .

Frequency [MHz] Attenuation constant [dB/m)]

10 1.00
30 1.89
100 3.35
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Figure 9 Electric field strength distribution with and without
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Abstract

The authors studied subsea electromagnetic wave
communication to improve maintenance efficiency in
floating offshore wind power. They examined attenuation
reduction using circular concrete columns, confirming the
semi-cylindrical model’s validity, the benefits of reducing
antenna—concrete distance, and the impacts of reinforcing

bars on transmission characteristics.

key words Reinforcing bar, Hollow cylindrical concrete,
Radio wave propagation, FDTD method,

Offshore wind power generation
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