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ARim X “Study of Wireless Power Transfer and Communication using Electromagnetic Waves for Underwater Vehicles
Mobile (FEWLIE A Vi PR B AN R EE a2k, EHUEIEICRIT 20I90)” SBL, R TR L.

F1FE “Introduction (FFFE)” TIE, 667 L AREEDBE= Y 7IEKIZHWT, FMERR Y P T —27 THOMTOE
WRIHANEEL 2542 E RN OB, EIREE R SIS D HEAE A\ K (Autonomous Underwater Vehicle :
AUV) OFEIZDOWTE &, AWSOMILE IRk, MAURE OF AL IR~ 7. JWEE RSB OWT, B EMIO5%AT
WFZEIZ IR, B EIC >V T, BEFEOARIBE, JtlfE, FEEE, BHIEEORM, BEGEEOLITEIC VW TE L
Dz, BRGSO & = O 2P L.

F2% “Wireless Power Transfer using Multistage Coils (ZEt=iA L& HWZIERRE M%) ” T, BEA3S. 4 nDaAf
N RO TETN CRIEBHERE NER 21T o7, a4 VERFR L6, BEEZ LI oBkE Y I 21— g v
ICEORLI UL, aAf VE2OMNT, aA DA X7 2R, HKHUE, #BEREEWATREL, ¥YIab—va
Ul FERMECTHRR L7z, OXICEAS. A nD A LETOLERLT nd 2 A VEANT, 10 nfe~OBE ks 1To7. &
W, A, aANVEHNT, BENLNDF v RV FROREHEEZR L, ZOREREICFREZREL, FaA/Mxy
RU B B, 10 nE~RET AEREIT o2, ZEESL00 W, #h20.7 $THDHZ L EMR LT, EELT nOZEaA
NEEE AL NVNH~BE Y, ZEAANVOFEIZ0 m 510 nd B CTERETo7-. BRI TRH20 9L ETH
v, FEIA NN CERENLETEDLILERLE.

#3% “Wireless Power Transfer for Underwater Vehicles (MM @Eh{AM T MEMRE I{52E)” TiX, AUVICERGEELIT
o7 AWOERIISBETHAHT-D, IANVEROHITEE A NVOUERKRESLILLTLES. I T, AWZZ7=TF4 k
VAT T, 2OLENEaA Va5 2T, BESIEERIIE Lz, AWSOFEEIFINEDT T4 A2 NFREER#H L0,
AWE AT & 5 ICER2mD I A VL E3OREL, ZOaA LOPTIIEZ THERENBEETEDL VAT AERE L. 1IL
DIZ, AWESRHEE AL, FEEMR L. B VEEE A NVNICBEI S EBEOREEFE L, 80 %Ll Loz
RCEHGETE LI L AR L. ZEBENES KWe LIEKRENOFERETo7z. ZEIANONEEFE A VN TE
Z2Th, LN $THD I L 2R L. DXICEREOANVIZ A NV EMAARER, HEETRol. AWITIZRAT 24,
TL—h, RIARREVWANARAVRE—R MDD, ENOBRERENEEICG 2 DL L7290, BRONRE
HREICK VR L. ATAZEZB;H L TORWEES, BN LZGAET, BRABTE 202 FERTERLE. WTho
BEWCBNTH, AWDNy 7 ) —[ZIERIRTETE 5 Z & &Rt

HF4% “Underwater Radio Communication System Using Loop—Shaped Antennas (JL—FTEIRT v T F % FV 7=t R
BV AT L) T, AW~OHERIEE 2R Lz, B8 nD/L—TFT T F &2 HNT, BHNOBRIIEOREZ R L
To. WAKNIZILD D7, BikE&EDT o7 T 23 E LTz, BKP T, AL Mz BIc@E < 72 5 & AT AR RN
REL 2D, BROEMEEEHORTUE, ROBBEZ RS TERVWI ERDA o7z, Wavelet OFDMODIE(EE Y = —/L & Hu
T, BEFEBREITo. WKTOBEEZREL, FERAIEREcy 7 b oE— FEAWe., 7o TROKERAEEZ T,
RGN O AW S CImE IR A TR 2 2 L 278 Lic. RICAWVIZT v 7 T &filaiite b & bIZ, BRAO2 mOL—TT 7
FEFE - RIELE. BRMT 7 T 2 HIcKES -2 nh5+2 m, TEFEIC-1.6 n2251.6 nOFE T, @EEY=
—NEANTEMbps TRETE D Z L aRLic. ThHDO@BREZMNT, AWORIE, MEIRETED 2 e L, BHH
DOEREFIA Lo EREEOFH S 2R L.

5T “Conclusions and Future Study (fim& A% OME)” T, AFETHONTMEREETLDDH L LI, BN
TAWVICRF LT, A — PV ORPHNT, kWO ERAEE, EMbpsfk D EHLEE N TH D Z & &R L, AN T 7
Vor—a AN THD Z Lz,
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This dissertation, titled “Study of Wireless Power Transfer and Communication using
Electromagnetic Waves for Underwater Vehicles Mobile,” is composed of five chapters.

Chapter 1, “Introduction,” discusses the importance of utilizing electromagnetic waves in
underwater environments as part of non—terrestrial networks. The challenges faced by Autonomous
Underwater Vehicles (AUVs) used in resource exploration are summarized, highlighting the
usefulness of wireless power transfer and communication for AUVs. Previous research on wireless
power transfer and underwater communication is reviewed. The chapter concludes with an overview
of the dissertation’s structure and content.

Chapter 2, "Wireless Power Transfer using Multistage Coils,” describes long—distance
wireless power transfer in underwater environments using coils with a diameter of 3.4 meters.
Wireless Power transfer over 10 meters is achieved using seven coils with a diameter of 3.4 meters
and additional coils with a diameter of 1.7 meters. Experiments confirm a received power of 100
W with an efficiency of 20.7%. Moving the receiving coil within the transmitting coil shows that
power transfer efficiency remains above 20%, demonstrating effective wireless power transfer within
the transmitting coil.

Chapter 3, "Wireless Power Transfer for Underwater Vehicles,” focuses on wireless power
transfer to AUVs. Due to the metallic casing of AUVs, attaching coils directly would degrade the
coil’s Q-factor. To prevent this, ferrite is attached to the AUV, and coils are wound over it. A
system is proposed where three coils with a diameter of 2 meters are arranged around the AUV.
Experiments with a received power of 3kW show an efficiency of 75% regardless of the receiving
coil’s position.

Chapter 4, “Underwater Radio Communication System Using Loop—Shaped Antennas,”
investigates underwater communication for AUVs using loop antennas. Waterproof antennas are
developed for use in saltwater. Communication experiments using Wavelet OFDM modules
demonstrate extended communication distances at lower frequencies. Antennas are integrated into
AUVs, and a 2—-meter loop antenna is designed and tested for the base station. Communication at
several Mbps is achieved within a horizontal range and a vertical range.

Chapter 5 presents the summary of the dissertation and future works.




