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This research is titled as “ Study on Realization of Ubiquitous Energy

Society by Magnetic Resonance Coupling” . This project focuses on N- N wireless power transfer
system. It is composed by multiple transmitters and multiple receivers. In four years, this project
has achieved the following important results: 1) clarification of the phenomenon causing an
improvement of total efficiency under wireless power transfer from multiple systems, 2) cross
coupling cancelling method, 3) simultaneous maximum efficiency and desired power control at
secondary side, 4) creation of robust wireless power transfer system, 5) formulation of an unified
theory of magnetic resonant coupling and electromagnetic induction, 6) suppression of leakage
electromagnetic wave.

Many other results have also been reached. | got many achievements throughout this project,
therefore 1 can conclude that this project has been completed successfully.



¢ X C—19, F—-19—1, Z—19, CK—19 (#m)

1. BERBYFIOLE &

[ 3L & 03]

2007 4R |23 R & 7 i S eng o A 3t sk
DERFZE A TIEIARARETH TR T
Xy v I NOEIEEREKTEIHHLNY
A YV ARBESTXTH D, BIRILEOR &
L, BMHEOESEEKY, 8zt
\ZH Q ORHIK CEMES A7 R& e
T Xy v S TEIROE ML R TE,
BRSNS OB & i 2 T\ 5, 16K
DEFETIIHFEELR VA TH - E
NEpkcEsRka AL (¥ 1) 1T—o0
ZETHD, —J7, m Q ORI D IR R
RECHICETEMESE DN SHETH D,
SF Y, WEFEEEE A =X ADKE
L& FIZETOFET TR LERHY, 1t
Sk D FEREFE B N T E A B S L
EhTna,

[FFEFEE O R]

WA, R T OHEMCER B EE - T
BY, TOMRESLIERICR> TS, Y
BIAARDT A ¥ L AREDOYE v g 0%
ErERBEFRICLERFERIC LR -
7eh, BIETIT BB THE < O TH
T DL RoTz, LILAERG, BEDL
R D ZIBWIFTEICE £ > T D, HIGh
1%, 2007 B WH RIS L, MIT FUC
TONBRWHATESZOBEL L TET
BY, ENEDL E X0 TEH IEEE TO/X
Ity v a VHBREERD, %< OB
AT -oTEY, BADT LY R ERTHE
FLELIRo> TV D, BXRHBE ORI
WZEBUA YL ARESL, MATIER<E
GO FEGE, Fiz, BHEPHTE 54k
A NDERILL, BEAR ~OREDER
R EEZWHER TV, W T, BRI
BOWTIE—KIELN DR/ > T B,
[2E%% 23 ¥—1£]

P DT A ¥ U AKGEO TG B
Biia B2z HLEENTWD, 5%DOEED3
JBLUA YV ABEOREEEZD L, VWO
THLEZTHLENOMEBENPH KD XX
AT A NF =R BRKT D2 LT8R T
HbH, LEFHX AT X —(ETIE, VO
THLEZTHHEROLD L YN TEXH2E
XX AMEEFRIZ, TRV F—F2NDOTH E
ITCHIAVPLVATEZTZHHETHD,
ZIZTHE, =YK BEOERETDHZL
LS, EARAANESERNHBIEESIND, £
DOFRIZE S T AEE T, MR 2Ro =3
NFX—OF/MMEEATO TeDIs, 7 —r =X
WX —TARLITFE L - LX—%, UA
YL ATHAEICEEL, HE&8koz L ¥
—fFEHERMESE LD RZ X - X —
A2 MEFOHEA L TWAITTTH D, £7-,
— X DHBIZEL DO THEZTH HE

ETPRE
' N#N '
HEVATL
TAXLR TAYLA
BEIVY = BENDIR

M2 2% F AT R

X1 k=oAL L — i OHEAE

F/E & WD HIERA L TV IETTh 5,
LU S, 28X F A=V F—ta %
FEIED2DIT, G E < BB &
L CRPEZRWENRTTH D, N3t NFGES A
7 LB L TOHIED 72 ST TUVLRLY,

[#-&#EAR L N 3 N A EEAR]

LR 2T X SR A K 2 1R

T, AR HX AR LF—HEDOE Vg b
LT, EfTHRE, VAT LAKENT X,
TAXYVAREL T 28D, NMEB#D
Bl AR EF LTS 2 B 2 HiEEHE
LTV, 2O2EFH AT R /LF—F2T
I, B, BEOKBERICH L, #E
OHfk= AV, L THEEOZE A LHHE
TET D REBZRNEND S 2T AR K LT
< %, BUROU A Y L 2FEIL, EZEaA
ND—Kf—V AT LIZ>TLESTND
0, FENTOMHFIES, EfTHRERE
Dkx IRy — v %E 25 &, NANIZZ
HZEIFTHARTHY, —xt—DHEARTZAT A
NHDORHANMETH S,
[1] André Kurs, et al., “Wireless Power Transfer
via Strongly Coupled Magnetic Resonances,” in
Science Express on 7 June 2007, Vol. 317. no.
5834, pp. 83-86

2. MMEDER

AAFgEIE TR LRI L 22 F 4 AR
X —tEEORBICHETgE] CEL, W
BRI L AU A ¥ L REEOAIEN 0
Tk 4 rAENT TR D, B, VAP LR
WEOWISIE, BE - ZE - Pika A R
ANV L o7z, %%% (LLF, N X N) O
RILPA T ¥ L ABES AT MIBITL
TV, LLARD, Nt NFHRES AT A
WG T E DHEFRORREBE D2, EITIE,
N % N BV AT L& FEBT 570 OR1E:
MeDRFZE S MEBVIRIETH VD, SR H
BF CHERK X AL D B IEEHANIC R LT, N xf
NARE L AT DT +—H A LEFERITE
THIVLENHD, Uk, BESEHTH
L, T A, LIRS, ST,
NRU—xT L7 fra =7 AR EOMN 8
LW mtEE EFEERICK D R 28, 2L
T, VA YL ARBOEEDOTERZ B &
T 5,



3. MFRDFIE
WFEOFNWERE T, KEFOHLTH D
Nt NFEBEI AT LOFTYH, FloaTr &
HERROMESL 7 Al T - LT, FHEiEER
BAT 9. BRI, EEEGEMERAREORNFE
IZOWTOKEE, 7uazxhy Y 7o
WTOBRMNTHD, —FHT, TEFHX AR
X —e2RICEb T —~ b EHEREF
HTHY, FATLTITHY AZANET D, K
2, BARNR N2 UA VYLV REBEINRIES AT b
HWEITEHFEHNLS BB ThLATH D,
bRa 7 Lo E A N E 2 T IR LIRE
TR BN TE 21T 9 . BARR 72 R I 3R IR
OWFFERE L BEETHDOT, b5 Crodd
HZ Lzt B,

4. WERE

VIR L &7 D0, AR TR LRI
rrabeF s Ao kX —Ha0EBITH
el ThH . o, INXFNRHBES A
TALAOFEB] NEHERANTHD, ZDOT—
VREOBNIT CTHEFEIZEZ OMREEHED
N DIFRF L E R CHTIED D &
BondDT, ZOHRTHar s 6o
RIZHOWTERY EiF 5,

FIZ N X NFE AT LOETIZBRT
LEEEE LT,
(1) B EMS AR 2R B S O
Q) 7uxhyFV Ty ov ) U TNE
(3) 2 WANHLA COZh=R L AT 28 ) [FIRFSE B
FiZ, 2EFH AT R F—tEE2DEIIC
T 72 FRIC BT 2R & LT,
4) B RARRUA VL ABIMEES AT L

T 2L
(5) RS LS & RGO — PR DA S
(6) JRT FEREIL B
ZREH R S LT, TSI 5,

(1) EEGEES RO hE 5O R
BEAT~OEILFMa A LV E2FHT
HHELHY, EREOaANVERHAL THE
BB EAT O EENMET T EHELH 0,
BEARBEBEHR~OXTT 4 TF b 2
oo LDXL72R D, BHOE I ~—DD
EEIAANDD ~EIHRETLIEEEEL
756 ENDEORIZIR DD E W) IERE
AL W o te, 22T, B
RS E L, fENT. ERrrEL, —FRELY
BEAR A I T D &, REFEN LR D
TEERERE LT, ARRICE Y, BEReEY
AT IE, RATT 4 T EZ AN, REDRE
KA LT D enbrotz, mQaAf Lk
B+ Z LA DEERT Z &R KEZD
X, 5%, 202X H AT X —1A5E
BOEOIZIIRE—HE V25,

Q) z7uzrhy TV TXxy v Tk

BEOE I~ FIHET HELH
E LA, ZEaA VEEOERENIT< 722
D, TEIANVECTAREREENEEND Z
Lo TV, ZLT, HFELLARWE
BNHDHZ LIS TWER, To& 0 &
LIZBHBRE BT ON Tl oz, 2
T, IRAAy TV TRUA YL AENG
EICHEZ DHEBICHOWTHERILL, 7 a2 xh
N TR OIRTIZDRND &%
AL, D, FOXREIIEEHT 7 FThHD
ZEHRFEIHLE, EDOLET, ZOH T v
THEMEL, hEEEEIELIHME LT, 7
QAH TV TRy vl VIESRE
L. TOEMMZEFE LT, AFREIIEFFH
FEHATV, BICZFDOREZ & < Ml &4, F
B 27 AFEEICHRSCE L LTRET D
IZE -T2,

(3) 2 AR HAAH T D Zh% L T L8 ) [RIRESEHL

BEOEEMOIFEIRET D & X, 5E
Il & Z B O EHIENRIEIC /2 D, T DL,
EEM & = A A AR S 2 & RIS
HRBRCTEMESE- LT, T 58 %
ZITERAD Z EIIARARETHY, 0D, &
TP ENES LT DICE N E2ER L, %)
FITHIEICE S D280 o7, LnL7en
5, KEEhE WO LWHBELZMZ S Z L,
Z LT, BRI OEBELXN M TH DT =
— hE— REFFATD Z & T, KRR E
LT E N AW S5 Z LIRS LT,
@ B R R UA YL RABIEEY AT L
HEEE

BERDU A ¥ L ABIMEEICBWO TR, A
WAL T XY v 7DOY T IVHE A LDE
R DN ENLEBEHINTI 2o
72U TNEALIEBTDHZENA NV AT
LHEFNMLE L STV, £ 2T, BFR
AL TH, HITHRRNFELZFEZRTE HHIHES
FTEE N DGO DHEE N Lic, 2O
Wi, Selcl 7= @) DA DI I > T D,
(5) RS LG & BRGSO — PR ER OAEEL

2007 FEDORF UYLV | BLRILE LB
FHEOFEIZOWTOEmNEREEZ - T
W2, W REMEEE CEER b7 13T o
T2d, FNE T TIEAFSTHY, THFEET
Z DFFIERNT W, FOEBE, EREE
BE2boTENBRLEZEENRNRNDOT, K
BTN EETHY KT b iz, £Z T,
TEICEMBYE EBRIEBOERIZONT
i U, BEERMAAREE L. EREERA FF o CORT
Z Lzl WA L ERGEE O — B
EWVWIHITETRTZERHFE-DIX, 5%DOY
A YLV ABHBEEVWISBHOREIZLE -
TRELLHBTEZEWVWR D,

(6) VR AR 4l

A VEEEFA L, BLE A TR

%2 EIC kY, IRRERE & B T X B &M




NHbHIErErtlz, ORI ZZRHL
FTFo TITKBIZ, —F/BDON—FLE s
DI, BREHNCITIREERIE CH D 2 L3 s
N Tnd, FRIEfFEEITV 2, IRRER
WHHENED — FiEE R CE-FICITRE
REZRND Y, 2017 FEE ORI E L T
(A) OF—=<X, ZINEBSLER-oTWH
2o

Bzl . L ORENE LN,
FNHRELEITHEICABR L TWADTE
LOICEAZ LT 5, Wit L, B
Lotk h, AREZEL CREILEEEZD
FHZENTE, REOBMEERTE 2
twnwz b,

5. ERBERWE
(WFZEREHITIT TR

Estam ) (B 24 1) & THRE
O, EAEA, WEE— @ BERIURES S
HARDOU A ¥ L ZAEINMEIZB T % EM
TGz ATz 2 BEFRHEEE, B2

3D, Vol.137, No.2, pp. 104-111, 2017
Of:fER, Giuseppe Guidi, EAHRL, BEA
W& DAV VAL URA — NV E— X DER)
b L OEISERIE O LB 5 4L,
BRFEEE D, Vol.137, No.1, pp. 36-43,
2017
(@Takehiro Imura, Y. Tomio, K. Oshima, T.
Nayuki, Motoki Sato, A. Oshima : Wireless
Power Transfer for Electric Vehicle at the
Kilohertz Band, IEEJ Transactions on
Electrical and Electronic Engineering,
Vol.11, Issue S2, pp. S91-S99, 2016
@JFEFHEIR - HEZ AW B A I
J D EIMRE LW OBMR, ERTEEREE
D, Vol. 136, No. 10, pp. 811-818, 2016.
®Motoki Sato, G. Yamamoto, Daisuke
Gunji, Takehiro Imura and Hiroshi
Fujimoto Development of Wireless
In-Wheel Motor using Magnetic Resonance
Coupling, IEEE Transactions on Power
Electronics, Vol. 31, No. 7, pp. 5270-5278,
2016.
@®/MRR, BRHERIA, JE—  ETP U A
YL RIGEVAT LZBT DI T LA L
I R, B2 Es D, Vol.136
No.6, pp.425-432 (2016-6)
ORBEIRES, EAERL, RS, "RRILR
WEUA VYL AKRBICR T DHAEEEZE
SRR E NG FE, BRI SwmGE
D, Vol.136, No.3, pp.222-231 (2016).
@A, BEIRE, B EL, A
TA XY VAL VIRA —VE—HFDEBELE
BELOAMWBEHENC X 2 EIMEED R

KAILOKF, BRFEmCEE D, Vol. 136, No.

2, 2016, pp. 118-125

@ fit=g, dFon, MMEEE S, EAEIE,
WE— VAV L ARREICBT D EEMIC L
HIRRHFELZEMLD2MEZEEIO
ML, A GRS D, Vol 135, No. 8,
2015, pp. 847-854.

OFEM T, JaE—: ERiHE ) & R
s & Ao — B, EXR T 2mEE D,
Vol. 135, No. 6, 2015, pp. 697-710.

OJEF A BESRILEIZ X % MREE T o
BE & Rk, BRFA5E, Vol. 135, No. 4, pp.
620-622, 2015.

@ERF] K, JBA B, BEA &, "B
HIRFEGICEDTA YL AL VAR A —LE
— & D) 2SR O HIENC B3 5 SLAEAT
e, mR i LEE D, Vol. 135, No.3,
pp.182-191, 2015

@Vissuta Jiwariyavej, Takehiro Imura,
Yoichi Hori, "Coupling Coefficients
Estimation of Wireless Power Transfer
System via Magnetic Resonance Coupling
using Information from Either Side of the
System", IEEE Journal of Emerging and
Selected Topics in Power Electronics, IEEE
Journal of Emerging and Selected Topics in
Power Electronics, vol. 3, no. 1, pp. 191-200,
2015.3

@Koh Kim Ean, Takehiro Imura, Yoichi
Hori, "Analysis of Dead Zone in Wireless
Power Transfer via Magnetic Resonant
Coupling for Charging Moving Electric
Vehicles", International dJournal of
Intelligent Transportation Systems
Research, Springer, 2015. 2.14

BKoh Kim Ean, Beh Teck Chuan,
Takehiro Imura, Yoichi Hori, "Impedance
Matching and Power Division Using
Impedance Inverter for Wireless Power
Transfer via Magnetic Resonant Coupling",
IEEE Transactions on Industrial
Applications, vol. 50, no. 3, pp. 2061-2070,
2014.

O FE A, "SRR & & VO T AT
~O T A L AR BT BB, T
RFEFRCEE D, Vol. 134, No.6, pp.625-633,
2014

EMEL, "SRRGS G E WU 1 v L
ZEINMRRICBIT D70 Ay T 7%
Yot U ZEORE", ERTEWIGE D,
Vol. 134, No.5, pp.564-574, 2014

@®TC. Beh, M. Kato, T. Imura, S. Oh, and Y.
Hori, “Automated Impedance Matching

System for Robust Wireless Power
Transfer via  Magnetic Resonance
Coupling”, IEEE Transactions on

Industrial Electronics, Vol.60, No. 9, pp.
3689-3698, 2013.9



(FasE) (B 109 1)
(D Katsuhiro Hata, Takehiro Imura, Yoichi
Hori : Efficiency Maximization of Wireless
Power Transfer Based on Simultaneous
Estimation of Generalized Two Parameters,
SPEC2016 , Auckland , New Zealand ,
(2016-12-5~8)
@ Takehiro Imura, Yoichi Hori: Superiority of
Magnetic Resonant Coupling at Large Air Gap in
Wireless Power  Transfer, 42nd  Annual
Conference of the IEEE Industrial Electronics
Society, 2016/10/23-2016/10/27, Firenze, Italy.
(@ Takuma Takeuchi, Takehiro Imura, Hiroshi
Fujimoto, Yoichi Hori: Power Management of
Wireless In-Wheel Motor by SOC Control of
Wheel Side Lithium-ion Capacitor, 42nd Annual
Conference of the IEEE Industrial Electronics
Society, 2016/10/23-2016/10/27, Firenze, Italy.
@ Katsuhiro Hata, Takehiro Imura, Yoichi Hori:
Efficiency Maximization of Wireless Power
Transfer Based on Simultaneous Estimation of
Primary Voltage and Mutual Inductance Using
Secondary-Side  Information, 42nd  Annual
Conference of the IEEE Industrial Electronics
Society, 2016/10/23-2016/10/27, Firenze, ltaly.
® Giorgio Lovison, Takehiro Imura, Yoichi
Hori: Secondary-side-only Simultaneous Power
and Efficiency Control by Online Mutual
Inductance Estimation for Dynamic Wireless
Power Transfer, 42nd Annual Conference of the
IEEE Industrial Electronics Society,
2016/10/23-2016/10/28, Firenze, Italy.
©® Koichi Furusato, Takehiro Imura, Yoichi
Hori,: Multi-band Coil Design for Wireless
Power Transfer at 85 kHz and 6.78 MHz Using
High Order Resonant Frequency of Short End
Cail, ISAP2016, Okinawa, Japan,
(2016-10-24~28) Okinawa, Ginowan,
Okinawa Convention Center
(@ Danyang Cui, Takehiro Imura, Yoichi Hori:
Cross Coupling Cancellation for All Frequencies
in Multiple-Receiver Wireless Power Transfer
Systems, ISAP2016, Okinawa, Japan,
(2016-10-24~28) Okinawa, Ginowan,
Okinawa Convention Center
Takuma Takeuchi, Takehiro Imura, Hiroshi
Fujimoto, Yoichi Hori, Daisuke Gunji: Study on
Energy System Configuration of Wireless
In-Wheel Motor with Supercapacitor, EVS29,
Montoreal, Canada, (2016-6-19~22)
@ Katsuhiro Hata, Daita Kobayashi, Takehiro
Imura, Yoichi Hori: Dynamic Wireless Power
Transfer System for Electric Vehicles to Simplify
Ground Facilities - Real-time Power Control and
Efficiency Maximization -, EVS29, Montoreal,
Canada, (2016-6-19~22)
Daita Kobayashi, Katsuhiro Hata, Takehiro
Imura, Yoichi Hori: Sensorless Vehicle Detection
Using Voltage Pulses in Dynamic Wireless Power
Transfer System, EVS29, Montoreal, Canada,
(2016-6-19~22)

@ Giorgio Lovison, Daita Kobayashi, Takehiro
Imura, Yoichi Hori: Secondary-side-only
Simultaneous Power and Efficiency Control in
Dynamic Wireless Power Transfer System,
EVTeC & APE Japan 2016, Kanagawa,
Yokohama, Pacifico Yokohama, (2016-5-25~27)
@ Motoki Sato, Giuseppe Guidi, Takehiro Imura,
Hiroshi Fujimoto: Experimental Verification for
Wireless In-Wheel Motor using Synchronous
Rectification with Magnetic Resonance Coupling,
EVTeC & APE Japan 2016, Kanagawa,
Yokohama, Pacifico Yokohama, (2016-5-25~27)
@@ Katsuhiro Hata, Takehiro Imura, Yoichi Hori:
Simultaneous Estimation of Primary Voltage and
Mutual Inductance Based on Secondary-Side
Information in Wireless Power Transfer Systems,
WPTC 2016, Aveiro, Porutugal, (2016-5-5~6)
Koichi Furusato, Takehiro Imura, Yoichi
Hori: Design of Multi-frequency Coil for
Capacitor-less Wireless Power Transfer using
High Order Self-resonance of Open End Coil,
WPTC 2016, Aveiro, Porutugal, (2016-5-5~6)

@ Takurou  Nishimura, Katsuhiro Hata,
Takehiro Imura, Yoichi Hori Velocity
Estimation and Control of DC Motor Driven by
Wireless Power Transfer, AWPT2016, Sichuan,
China, (2016-12-16~18)

Koichi Furusato, Takehiro Imura, Yoichi
Hori : Improvement of 85 kHz self-resonant open
end coil for capacitor-less wireless power transfer
system , AWPT2016 , Sichuan, China ,
(2016-12-16~18)

() Gta)

OEMEL, “BRLBICLDIUA YL AE
Mss”, AR, 4 416 B, 2017.1.31,
ISBN : 9784627736610

(PEZEA PEHE)

ORIt G2 1)

FR - MR T R
HIFEZS 75« R¥lfE 2014-25194
S - EATE A

HEEFEH B - SERk 2642 A 13 H

(£ D)

(ZH) BREE, AL 27 FEE M
SMICE”, 2015.9.3

(URL)
http://hflab. k. u—tokyo. ac. jp/2007/imura
/IT_Web/index. html

6. WFZEHRR

(1) WFgefdss

JEAT  fJA (IMURA, Takehiro)

HRUREE « KB TSR0 90RE - SRR
WIEEE 5 3059193



