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Electric vehicles (EVs) are expected to replace gasoline vehicles since electric
motors exhibit much higher energy efficiency than fossil fuel engines. However, the
EV has not been deployed for the moment. This is supposed to come from batteries,
which bring three problems: 1) short cruising range, 2) long battery recharging time,
and 3) high battery cost. With such background, Hanazawa and Ohira are working
on a technique for wireless power transfer to a running EV called Electric Railway
Electric Vehicle (EVER). They believe that this technology will become an initiator
for mass deployment of EVs. EVER has three advantages as follows: 1) Tolerant of
transverse drift of the vehicle thanks to the electrodes wider than the tires. 2)
Constant coupling capacitance between the feeder electrode and the tire since the
tire is always on the road surface without the air gap. 3) Less field emission since
the electric field concentrates between the electrode and the tire. They have carried
out demonstration experiments of EVER at EVs, such as 1/32 scale vehicle models
and electric carts.

This paper presents key technologies for practical implementation of EVER.
Chapter 1 describes that how EV is needed in our future society, what is wireless
power transfer, and history of research on wireless power transfer to traveling EVs.
Chapter 2 describes the background technologies related to my work. I explain that
what are EVER, Via-Wheel Power Transfer, kQ, and composite right- and
left-handed electrified roadway. Chapter 3 describes a nonlinear load impedance
measurement scheme using an oscilloscope and Mobius transformation. Power
transfer efficiency is one of the most important issues in RF system design.
Especially in RF power transfer systems, impedance matching is much more crucial
than that required in communication systems. This is because even small
mismatches may cause an unacceptable amount of reflection in power systems. I
present a new approach to high-power impedance measurement featuring an
oscilloscope and Mobius transformation. This enables us to observe a
power-dependent load as is exposed to RF power in the actual application level in




real time. Chapter 4 describes power transfer efficiency degradation caused by the
standing waves generated when the long section of the electrified roadway is
assumed. Previous work proposed the restraints of standing waves by the composite
right- and left-handed electrified roadway. However, this method needs periodically
buried high frequency circuits under the roadway surface. Therefore, I propose a
new scheme to obtain the maximum power transfer efficiency for the load placed at
an arbitrary position. The feature of the proposed system is to load a variable
reactor at the far end of the electrified roadway. This has a very simple configuration
and it is not necessary to periodically bury the circuit under the roadway. In the
simulation and demonstration experiments, I show that the proposed system works
as expected. Chapter 5 describes the demonstration experiment of EVER by general
purpose building materials. First, I describe a development of mortar-paved
electrified floor for dynamic powering to EV. I find that the power transfer efficiency
degradation stems from the mortar containing water inside. I propose a novel
mortar that employs ultra high strength fiber which has high dielectric constant
and low loss tangent simultaneously. I evaluate electrified floor structure by using
electromagnetic field analysis and discover a cross sectional structure that can
reach high power transfer efficiency. I fabricate a prototype of mortar-paved
electrified eight-shape course and demonstrate battery-less running of an electric
cart. As a result of running tests, I show that the electric cart continuously runs at 5
km/h and the EVER system with the mortar surface layer works well.

Second, I describe a development of asphalt-paved electrified roadway for dynamic
powering to EV. Like mortar, I evaluate materials and structures, and consider
materials and road cross-sectional structures that can achieve high power transfer
efficiency. Using the materials and structures developed, I made a straight 30 m
electrified roadway in the campus at Toyohashi University of Technology. I also
develop a far-end reactive matching (FERMAT) system to solve the problem of
standing wave. I made a running test of a 5 kW class battery-less EV on the
fabricated electrified roadway. As a result of running tests, the electric cart
continued running outdoors at 10 km/h and the EVER system with the asphalt
surface layer was successful. I believe that this is a major step of practical
application of EVER. Chapter 6 describes the conclusion and prospects for the
future.
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HIERIRIRAL DR RKDIFEH E 22> T B 2 EBHS D E > T 0%, HWERRAS A
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BEZR IR T 2720, OPEITIELRAHENREL 2L —DE AP, 15 - #E
D44 L. %% Zero Energy Building(ZEB) {L D H#EME, ERIREEMAR T NA 2 DBFE 72 &£
PrbiiTng, ZORDHADOEDE L TEXHEHE (EV) DEADNESD 51T
W5, FTHENTEWTEV ® PHV 5 HOX AR BB HEIIEOEDO O E D LA S
NTED, 20164EI1C1Z TEV-PHV R — v 7| 2RIFFEFEEADIAFEL T»3 [3].
Zou—F2y It B 15 THRESELLTWw3 EV - PHV Z, 2020 4
WZIE R 100 AR, 2030 4E1213 1000 T EFE F CAIEICHPTZ L2 HIEE
LTWw%, MATEVIZAY Y VHEEHXR1IkmEfTH7 D OBHET FILF —BEDHY
1/3(EV : 0.94MJ/km, 'Y V) Y Hi:27MJ/km), %7z CO, HEHiED I 1/4 £ V72
£ 5 (EV : 49g-COy/km, 7'V Y Y Hi: 193g-CO,/km) [4], HRPCYEBHEEN
T3, L2 LEEOGPEICE T 2 BXABHEOME LRIZABHEAEGHD ) b
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DAEL 2 ) 22— OFEEITRENICH ET 2, X612, WOPEOMEIHICE
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CDXI)REKA V7 T WEET 20D FTRE LTI A YL AREBEOHEIE
FIATONT VS, 74X L AEEE L, WA, BRFE L IIERKEZ ML A2 H
WTICENZ BT 2 EMITH 5. 2000 R FTDOT A YL AFGEICITEEGEYE &
W2 HXZHAH L 2R ETH D, BEIE 7 7> a— FL AEENDIAE,
%%%ﬁﬁtﬁmmﬂ%m&mmmmmnNﬂnwﬁ% ZHEHL L 7 Felica &\ 7z
B ANOIBERM & L TEAMLIN TS, —J, XRE-ZHEBMNEEEIER 12w
b&ﬁﬁikﬁﬁfmk.74?VXﬁ@&m IHMEIEL T L2 DH2006 fEI12KE
MIT 237 L 72 ARAEIR I X 2 /50 [8] TH B, MIT DR L 72 4%, BGEHET
I N a4 VEREDO X v 8> ¥ VA ZFH LEW QED LC HIRZ A 3¢ 5,
ZNC KD BERRZED 5 2 L CRERBEZMIE T LK YILEL, ZoTEY
A2t L=y avickh A YL AEEOHEROEIEDA C BAIE n, BEtt
Rrp TR AT - BFEDMThIL S K ) IC o 72 [9]- [88]. DA TICHIFEZE S 41T
WHIA YL AMEINEHNT 5.

1.2.1 EHFE

BEGEE A, Nl caf vo—HICEREEREZRT I LT, b
A WVCHEBEPR S UGEZIT) ANTH 5, BEWGHFEICX 74 YL {8
BEEICERLENTE Y, BEK 77>, a—FLAERE, B#rz—nN"—Ltwno
TBEEROFTBEIHEHIN TS, £FLNFCOOEDTH 5 Felicalc b 50T
3., ZOXIBREBCOEL L EbNT VS Z Lo EEKRAIKLER, 24 1V%
DY TH D AFEDE D E W) FIEDND 5.

122 EFES/HE

WESHE AR 5 20E, 2006 FEICKE MIT 238E L, BER b EmIIEFRICITD
NTWLHRTHZ, MEHAT7ELTCaf V2SI EIFERFEESALH
U2EH, aAf VoA RZAAL QEDOE W LC HiRZFHEI 2 LR ER
HERTH S, MITDFGEEERICK D, Oz R 5 T & Ta A VIAEEREDEEN T
WTYhH (fj:/\ﬁ)d\g C & z{)) BHEBAETE L LRSI N (. 1.3). ﬁﬁﬁﬁﬂ%n//\
WREMAL 8 E LT, RS A~ &0 AR Z BT 5 HAfEE
(Auto Guided Vehicle: AGV) [AIJ DFRFE S A T LDHRGEI LT 5 [9],
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RS OAR AL, ARG E R DBEL 70834 LTk
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ENXTE, LEREBZEGGEE T2 ETENZMGET LI EXTRELE 5, Zii
FREA T 7Ica4 VvEH0R I ESRMICHETE S 2 L9, METIC
2R T WA DIH 5. 2011 FFITIEA HBEERTIC X % iPad [ EBAAS & ﬁ
74X L AH ﬁﬁﬁ/%TAb@mmgﬂfﬂm ¥ 7, LS MREL 78T
EV [AF 7 £ ¥ L A#5 8l (Electric Vehicle on Electrified Roadway: EVER) & A /7
REHVSE 2L 2E#E LT3, EVER O, FHIZOWLTIERETHL (b
N5,

1.24 YA 70OFXE
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ERFHMEE LT3, BifE920MHz 47, 2.45GHz 4, 5.8GHzHMIC & %= A 7 ailifs
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ZEDHEETH D, BIEFHTRE L LENE ENEET L2 A7 & (FHARGE
FEE) OWIZERMThN TV 2 (X 1.4) [11]. £7, W@ e LT, 2008 FF£ICAIES
722K E Ossia f11%, 5K 10m FRIE ¥ Tl - #8rin kI 1W OB 263 5 >
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HETHDEV AT A Y L AFGE LTI RAAERIEE S 26 H D, 1979 41213 Bolger
SICE2BUFEZH BT 74 YL ZABEOMEIRE SN T3 [12]. X
Bk [12] CIEBRTH PICBIZR L 727 v ¥ — > 24 )LI2 180Hz, 1000A DEWR % i L Hik
TIRY oy 27y 77af Mk VZETIREBPHENIN TS, £
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HOIETHFEY AT 20REDThbITw5, AKRFEEIHADY A 7 7fkE
RIMBEL, 74 7 7413 TN AGY ~D 7 £ ¥ L ZAFEEESROBEFE - IGe 217
T3 [13]. 1994 113 KkE A VY 7 4 )L = 7 M2 T Partner for Advanced Transit and
Highways (PATH) Project |2 & % KHUIZEE TR FEM S 117z [14], T LB M IC
HERE L 72 3 A )LIC 400Hz DR ECCE N 2466 L, BREFEE U X D HRICHD
NIy 77y Faf VB NZZIT E D, FHEEFERICE W T, 100kW H IR
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60% DIGENEZIZELL T 5, 7L, BERICEWTE Yy 77y a4 Lok
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MIT IC X 2R EBOFTE VAL —2a itk D74 YL ABEOMNEIZZ S
WIEFE RS D E D, 2000 4EIC X, #ERAEAR BT (KAIST) IZ & % Online Electric
Vehicle(OLEV) 235 X 41C\> % [15]- [19]. OLEV (& JA## 20kHz, A v N—%
71200kW DEN % 82% DR TZET 5 Z L 2@t LT3, 2013 4E121d 24km 12
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THOXMIZEZD) B 144m £ > TED, BRE L THFHEPFHEIC K D ETHD
BOEZITE>TWD,

1.5 #ENC TEAML S L7z OLEV(HE L © EERI2EHTBE HP)

¥ 7, KEA—7 Y v PENAFZEHT (Oak Ridge National Laboratory : ORNL) (23
»C, K L6 IR T X9 ICHKIA P2 2 A VEMGNCEE T 2 BE/REINTED,
2016 4EIZ EV ~D 20kW 7 A ¥ L A R FHAEEBRIZ ) L T 5 [20] [21].

I 5 IZHEDANERZFETDH 5 Highways England 13, EBE M 2 8 L 7 gk
AfTH7 A Y L AGEOFERZ B L T3 [22]. %l&ﬁimm&%f::@7
Oy MCSEBRY FOBREETHI ZE2ERHLTED, EEIZEBWTGETHY
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Figure 2. ORNL's concept for dynamic WPT showing energized tracks and roadside supply equipment.
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BABELET LR AV FRBFEL, AmBEOEIICEEHELMOAD L Z L%
AHEE Lz, £/, RS OMZE SV —T1%, 74 YL AMREREZE T2 A~
FA—IVE—FZEAFLETTTA YL ABEOEIERICEIN LT\ [24]. E
PACHIER L BB L S EHEA VAL —VE— Y ~NBERER 720, (koo
ANEROTTRERENRE LD ZEZRELTWS, I5IIREIAILE
HRTIE RS A VIR T 2 28T, LE-ZEIANVEEHLZEL 752 L9,
HARDIEZWAIC & 5 7XE-ZE 2 A VB OZE 281fH L Tw 2
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B1E F#R 9

aﬁﬁb BRICKBETHTIAY L ABEI AT LZ2IREL T05 25, 23
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AFZE I BRSNS & 2 TR 4 YL ARBEOFRICa) 5 E21T).
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T4 YL ZREBEOEINFZHRE L TS [29]1[30]. LrLINs DM IEH L

THANRIGEDSETH D, mENETTGEHDO 7O D> AT LR ERIFRLR,
— A 2 O 7o BRI 2 B BRSO R 2 B £ 2 eI DR E R Ch o7, 22
TAWIZE T, BRI X 2ETHR 74 YL ABES A7 L oEMIc T
a2 4TS, BRI, JERIERBEOBIRREICE T 24 v E—5 Y ZHIET
BEREL, AT L08R ER S, $, RHEHRGBERICHEET 28 ﬁmL
BT 2 IHIT 2 FE 2 IRE L, ZENREIMEELTRETH 5 2 L 2 M
EEIC X DFEIT S, 612, ELILLTAZ7 7L kmof:/ﬂﬁﬁijl‘a‘%ﬁﬁm‘:
74 ¥ L A EETHEOMEPHHEES IOV TS L, —ATED EVADETH
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HHT 5, & 5ic, BEBKRERE L 2o 2B U B EERICER T 32 B NE
RN T 203 2 Fik & LT, AFAEFEERMERE [30] IOV THHT 5.
3FTIE, A vRa—7L XY AEHIC X ZIEMIBAMA v E—F v AHIE
FHICOWTRET S, 74P L ARBICKVE N 2B I N AMICIE, BRP
A & v o 2 AT ’ﬂb#ﬁ%&%/t—&/x%%oE%ﬁmﬁém%.
2D &) RIEFIEARICN LAIRECENERET 511, BfFREICE TS 1~
=8V A% MES 208 ND 5. Lﬁ%,LﬁWnﬁRx—&%ﬁye—Vyx7
FIAY, RV MV FY F T =07 F 74P ETIEIANTRELRENDL mW 4 —5 —
ENZ W, BIFREICH 2IEFIEANMA v E— 5 Y AMEICIEIAMETH 5.
R A ~ ©— %> A1 NVNA(Non-linear Vector Network Analyzer) ® X 9 72 b2%
ZHGL 2 ETHENRETH 255, 4o ORESRITIERICETITH 2 2 L HET
Hb, 2T, AvuRa—7 LR AEMERNHTS ZLICX D, Ziicis
WCEIEIREEIC BT 2RI A v E— " v ADENHETH 2 2 L 2T, K AT

L%, 5FETIT) FHIEEBRICE VT, 500W HKEB A — F ORI E K O SkW )
EV Q¥R O BIER 2 3G L, AR EZEET 2 7-0IfHIN TV 3



B1E F#R 11

FREAFIVE—F R
AE D AT LRFE(FRHRIE)
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RERHERWEETRIATLR (FFRAE)
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KOBETOMHFNZOVTIBRZ, T FTIBHASICX D AEFEFESRHBERE
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BT LMEDRDH B LVH)HEDLD 5. FHIETZRb 2 fEkFIEE LT, EE
BOEIIC AR 70 F AT T A LER G 2 IR R T 5. 1RE ?&’Ow

MERIENT 21T\, AP EDNMEIZH > THRKNDIGENE 21525 2 L3
bl T, T, REFHEIIOVTYIalL—varyziTwy, %%ﬁ%mﬁﬁ
NCEEST 2 2 E 2T, I 6I/NMIEVER €7 L% W THEIEFERZ TV, 2%
FHEDFERICEERETH 5 2 L 2R T

5ETIE, PHEM ZHulcEBGERICE T 2ETH Y A L AFEE O FAEFEER
oW THR3, 9, WHEMTH2ELY L2 VBN HEER (B o
7)) DEAFEICOWTIRR S, BILY NVIENIICKTZERT 5720, EREESEZ W
2 R CIIEEROBAPR I NS, HRMAITIC XD, BikRE%ShFEER
BIOMKFEIERE L 75 2 & TRESIRBZILOBMDBEIAD 5 2 L 28T, HiEE
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RRRT 5, HEBRICHBE R R L e LI L2V 2R EL, HBEERB IO
HEIEEENE T 5 & CHlkiEIC X 220 EEHETT 5. OIMEIENEL 2D
X9 ICHIHER IR 2 R L eV L2 LB L L 8 oXFEREN 7 v 7 %2Rk
T%, fELEL7 e 7 BT, S00WKEE A — DNy 7Y — L ZEfTERE
1o, A Ik 287 v 7EEPTRTH S 2 2 RT,

RiZ, REEZT7 A7 7))V b ELEGERICX 2ETHT7 A4 YL AMGEOIREE
BUZOWTHRS, 7RA7 7))V FbEMATIKDZERT 2720, HEHROK
THEEIND, 22 CEFEEREIMEFELRZFHT 2 FRLELT, TA
T77IVEEMELTR I Sy 7 AREMZRIHT S 2 E2RET 5. FHFEITLT Iy
JAZEMEROCIRRT A7 7V RREL, — 7 A7 7V b & HRFEERER
DM ET 22 ERRT, BT L AR - B55E %2 Ao CERGEAMT R AR I IERE 30m
BLERZ BT 5, 4 B oK ERE TN e Hws 2 LT, B
BT A5 RE T DR ZX 5, BEE L - BGERIC X 523y TV — %21
D4 L 72 SkW R EV DETHEEEZ T\, KENEE» OREHETRETH 5 2
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21 BLEREXBHEE

LB A 5 H B HL (Electric Vehicle on Electrified Roadway : EVER) 1X, 71 ¥ L
ARG EIERE 7 fiff 2 7% A v 7 7 (BEALER) ICX D, EfThoEKEHBHEAE 2
AT B AT L THSB. EVEROaAVY L 72X 2.1 IR T, HEPSHKHL
EV LEGAEE T 2 BRI L 72/ NNy 79 —CEIT L, @A 2RI
AL L il L2 T 5 2 Loy 7Y —DEE L BEIT 5. EVER OHE
Bz X ) BEXEHBEY ROMETH 572Ny 7 VICKRNT 2 FE R I 1, B
HE§ M OIGEDR I TZ 5,

E iectric
Venicle on
E iectrified
Start with R ondWiY
small battery
on local way GOAL

RF Power Inverters

Last miles with
small battery local way

local way Electrified Expressway
Power feed during in motion
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2.2 AL YVEEAR (Via-Wheel Power Transfer: V-WPT)

EVER IZ X 2 BXHEE~DIGE L LT, KL IFERAEAEI i%&%?ﬁﬁﬁﬁ
%%ﬁbfw%.54?%@ﬁf@ﬁﬁ.%l22uﬁﬁ RS HER S N E
Mt 23, BREABEHD Y 4 YNAF =LV FE X OB A —w&FA?%’kﬁ@
NZEET S, JHUDERERBEOT A7 7L F &Y A Y 3L % EMmIKCHA G
ERoTED, avFT Uy LEMEARTIENTES, 20D, EREMKEE
R ET 5 2 L CEAHBEAKEN R E 25, AR, UM IR
b5,

o ZiE L T-BRMAE
HEIEED ¥ 4 P IZIICHE I L T3 70, HER Lfﬁ%@%k&%?%
FREED B IR oD, ZHUFEE L -BRMSAE R EH L, HEsE
EEINDP W LRI N S,

o DA WERES
KEEME ¥ A VEOBIEIEL, D ORENRFEERTHEIALTYENL
Tmé%w JFH RSN W, I 518, KU AT LIFEHT—
IC K BREEZRITO 720, FEADOREEMD SR SN 2ERAZITHIHT
#%ﬁf%é

o NAHEM CREZET]HE
OLEV 72 EDMRT L T % a A V2 EIRICHER§ 2 Tk & R, JEEHHGE
TP CHEEDIRETH 1), oM Z A3 RERZR N LS
LM HESEDSH[RE T H 5

23 KkQEE& nmax

74 YL ARGEIC K 2ENBERE, ﬁf@&mi%m&%ﬁﬁﬁﬁfiwﬁﬁ
M10®x@2$—k@%ﬁk&é EDTEDL, X2 K— bAEEONERICIX
ANE AL NDEEDBEFEELLD, FRIEREMELOME, I5IE7y 77+
WKL BEHEE O RA LR EZEGEL I L TE S, MITIC iéﬁ FLETD T A ¥ L
AMGEICBWTIE, HEERELZED S ETHERRBSENZEETE S Z LA
LTz, L L MITIZ X WA AE SR RIC XD, MEREk 22T Tldk
{FEERD Q7775 bRBHRIEE LG 25 LRI ns. ZoOBRIE kO
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BEMFRIN, kQHEZFED 5 Z & TENBEIRDON E3FEAD 5 2 L3 bh>T
W3,

kQTEIZ 7 A Y L AMRERICE T 2B IMEENR LR IMHE L CHEER&H 21
DN, ZDfHIZ 0 ~ co DHIPFHZFFL, ZOMEIRNFTICEDBRETFLET 2 I EK
PHTIFHEBI LI v, 22T A YL AGERDORF D BERR KRR noa DREI N
72 [311[32]. Nmax 13328 2 K — F A ICEB T ZDANE L IR I B
RO RIEE 7 2540 L 72 BRDRER R 2 R T, kOB LU g BA T OXTEES
ns,

kQ = = 2.1)

p =1+ (k07 2.2)
-1

%mzﬂrf 2.3)

24 AFEFESRIGERE

AfLts 2 RIXHIMGEE T 2 O BEO O L ole, EAEHICRIET 5 1) ERa%
DS T AT 615, SELE & ERERIETD & EERREINC 7T T 5 3 O
) &, SREEHRRI TR LiE T < i (R O ORI TH 5. AN
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Dz E 5 &, REBEMBOEIE TIEE TR & SR DAL D3 A 1%
RO ZFFD. Z ONEZ ETEHME & WX, RERBEED 1/2 BRIk TR
WIICHET 2, L LEEBEEBEND S 1/4 IR 72 A7 CI3EfTIE & SO
DM & 72 D, ABRIEOIRIFIZ0 & 2%, 2 OEZ CERE &MY, EfF
HIEFRRRIC 12 RO MR RA T 2. EEWREE OME TIEARKE OB
RIEIZ0 L2720, BRMAEZAAT2ELADC AT LATIIHET % 2 L2541
BEE2, RADY AT LIMEERPEENC 13.56MHz AL T 570, 88X %
Hm B CEERSDBFHRET 2. ZDROLE L BNBENEREZELT 572012
&, EEFEOMEINETH 5, EEWKMIC X 2 EXEABEADOERRE T Ol
flE LT, 8RS IFGFAEFHEHARMGEREZRZEL T35 [30]. 20K 2.3
VRS & ) ICEALERE PN 2 F R A & MR X 2 B RS 2 5% % & CRELEK
DOFEZIGT 2, EHBEEDO AT E X OCHIA v ©—48" v 2 3B EE O R A
YE=F VRIZEFELL, 20, WEiiHE2 B GEKIC X AHOLERE TS L
T, 2L L TIMEPZELL v X ) IcRE 5,
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DEFHEIZFUTORXTRDOSNE, CLCOTHEI N KudicB i,

Z
L = =22 (2.4)
wsin ¢
C = wZytan g (2.5
THY, LCLOTH FRulics\n»Tid,
Z
L = Zun? (2.6)
w 2
Z
c = 22 2.7)
sin ¢

&&%,::T Zo ZEEBKOREA v =SV 2 THD, ¢ ZLETREKE B
s 2 7Dl S NI EBLEROBXETH 5. 8K S (BB I/ET RN
%ﬁk?%_&;ib,ﬁf&@%%%%ﬁbﬂ%%&ﬁ@ﬁébﬁém% L%z
FEEL T3

N Z DB T 2 BIMSEAHRE T OFEICOWT, Fi7e efikFik
ZRZEL TWw3 [33], ﬁﬁiﬁ_omfu4$fﬁb<ﬂ«% ER = A E RNt
EM 2 O 7EfTHR 7 A v L AREFEIEFERICE W T, EFRBIERIC K 2 EER
HlZzfTo7, 2O EIXDVTIFSETHEL (RS,
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FAF

3.1 RFEBREHCHE BIRIA Y E—5 Y ZAEDE
=4
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WTIEAVYE=Y VAT F74Y, GHzHTIE Ry V7 =77 F 74 ¥F3—iNic
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AT LIZEWLTRBEAR TR, T—F —EK, BRI E Vo IR
BN O EN 2 G TE 20503 H 5. IFRUEAMIE AT I N5 E IR LIERRIE
A Y=V AR 5720, FEEOMEMSR TIHIEMHIZA v E—F v 2 %2
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DI LIV EAM DA Y E—F vV ARTETHS AT LIINHALE LS.

I ERTA Y E— SV AZMET 2 HEDOV EDIL, V=R NWIEDRD 5 [90]-
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S 2B 2030 KB KB BRANE 224 Y E—F VY AR BRT B, Z
DFRIEH W B ANEICHKN LEITELTIRETH 223, HROMWE LAafi( v E—
F v ADWMEICK D005 2 EXHETH L, bIHIVEH>DT7 7 u—F L LT,
Engen 5 D REL 76 R—FYU 7L 7 M X—=%238H% [93][94][95]. ZDOFiEbdH
5 W 5 AJTEINT LEIENTIRETH 523, Afii( v E—% ¥ AHEIC 4 DD RF /8
D= =52V RERH L, 3OHOT7 u—F L LT, @ik % A 7
VNA Z % 2 E3%F 5405 [96] [97]. HEKRD VNA DOFERE N 2 KE T HIE D3
TZ57-0DIEFICTHHTS 523, AR EMTH 2 Z E2HETH S,

AFETIE, AvuRa—7L 2y A%z oI anA v e—45 v 2l
EDH 27 70 —F 2 RET L, KFEIKENDPANIN T LHAMDA ¥ E—
T AZY TN A LMHEITEETH 5. MZ, WIS KD 7o RF &
26 LB TAEMAZRETE 2. AFHEITER L AfmorIicilE
FAEED 1/4 Wz & 7 DK AL, ZOMMMOEEELEZEMT 22 LT
B Y E—F U 2AZHET S, AECTEATEOENEOREEE LT, HEAEER
EERRIRE 2 RTFEIC X DHE L, BARpEZ G - SUET 5 2 LTS MK
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3.2 AIEIEE

321 XEDRZTH

A AEHEZ, V)V —<VERAIP(= CU (o)) FOEEDE 2056 P EAD4
WERDIEMDI LD —DTHDH, LTOXTEEREINS [89].
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(Z—z)z2—z21) (W—w3)(wy —wy)
COMWEIZ, HEIAECTAEHIIB VLTI ODOBMOMEEZHET % 2 &
B CELZERRLTWVS,

(3.2)

322 B YE—9 YV RAEHEER

BICHIES AT L O Z R T, EAPER & A ORI 4 R — FEUERE3
FAINTED, B3I OIS N Z2EEEEEZH 2 Z & CHfA v E—F
VAERMET S, 3B X013 4> v 22 —7 D Chl, Ch2 IZ#: SN2 H5ER—
FTH D, AMICH LKE RIEPIEIEM T2 2 & CRAICBIBURE LTw3, fito
TH3, #HMICHN I ERIZIZIZ0 EARTIENTESL (=i, =0). KZATLD

Ref. plane

. .

11 )

—> 7 Linear 4-port "2 L
Power A Network ; A DUT
Source Z

V1 : : V9

#3 #a 2
Z3T Ti4

3.1 IERE AR A v E—3 v ZAHEY AT L
P AFREKIEL TR TR I NS,

Vy) = —Zliz (33)
V) = Z21i1 + Zzziz (34)



FTIFE FEBEAYE—IVRAEY AT LDRH 21

ZZTCHEIML, LD E LTS E, A v E=FY VY RIMUTORXER S,

2y = =200 — Ly, (0' = l—l) (3.5)
%)

HBIHED, 2L olTF A RAEBOEREH 2 Z L3025 (FHGB.D)ICEWT
y=0). £/, 3B LU0 CBMISIN2EERTE v, v iZLToXTRINS,

V3 = 23111 + L3, (3.6)
V4 = Zyly + Lyl 3.7
ZCHEZETE v, Otz p tT3E,

vy 2310+ 2y
Vs Lo+ Zy

(3.8)

PEoNG, XGBY LD p o B ALY AEMOBRICHSZ Z LD S, 7 &
0, pLl ol X ABHDOBRNDH 5 Z L5, Z L o 2RO 5 X E Y A%
DEET B EDbNs, [EoTAMA Y E—F Y 27 13#3 B L U0#4 THlIESI N
Z2EFEBTEOHD SEHEARETH 2. X7 ALBHOME TH 2 ELDOMEEAT L D,
Afiif v E—F v 27z EEFBEEH p I T OXTRRMIT SN 5,

(Z — 21)(22 — 23) _ (o —p1)(pP2 — p3)
(Z1—)z2—21)  (p—p3)p2—p1)

CICHEED3NELEZDLZETZ L p DR EENTE S, SRTEED 3 HIZ
OSM(Open: Z; = c0Q, Short: Z; = 0Q, Match: Z; = Z, Q) KIEIc X D 5.2 %, OSM
Mg L IR DR E Z N ppp0pm £ET 58, ZIO—BRIIDI T ER S,

(Zl - OO)(O - Zm) — (P _p())(ps _pm)
(Zl - Zm)(o - Oo) (,0 - pm)(pv - p())
Z] — Zm(P - ps)(pm - ,00)

(P - p())(pm - Py)

(3.9)

(3.10)

(3.11)

323 HIEDHEHMNS L ICEHT S5

AREiCIFEIR E AMORICIHEAINSHIEZE4 X — FEEEHEO F A a2 s X OHlE
DHEDS LI OWTERT L, R ATLTHESINLAMIIDHOWE A v E—
FVABREGLD, EDEIBRA Vv E—F U ATH> THHEDHEDIS L SIS
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HEINBERETH S, 2 TAY AT LDOHEDHED»S L E M %2 A O
EMEBEOMHMNEEDHE L TRBI2) DL I ICEET B,

Z,dp

ap
L el
Z p dz,

az
Z

M =

(3.12)

2T, MDP—ElELED LX) A4R—FHEHEDO P AR I OonTERT 3,
HER—F 3, 4 CEHHMIN2EERBEDp ZDLTOATRIINS,

W;ézﬂ:éﬁié% Gzﬁ) (3.13)
Vo Vo Lo+ Zyp I
7, Afif v =%V R 7 1%
V2
Zl = - = —Z210'—Zzz (314)
%)
E7eh, X314 Z2XLB13)IRAT S Z & T,
Z11Zi + Z11Zrr — Z12Z
o= 1141 + L1142 12421 (3.15)

2517,
PEos, ZZTREBI5HZAGBI1)Z2RATEZEICXD, MLz OBRAD
Eris,

|Z|
= |-— (3.16)
|Z| + Z1,Z,
|Z| = Z11Z2y — Z1275) (3.17)

K B.16) ICBWT, MPEEIEIC 2 7-DIC1F Z, =035 ThH 5 2 LIZHHT
b5, Thbb, Z,=0L%5NEME2IERLTLILET, MIFFEIT1L %5,

3.3 EER

33.1 4R—MEEMW[AROD

IX13.2 12 3.2.3 CT#NT L 725272 3 4 K — M ElEEHE %2 R, M = 1 DM %
72372012, 1/4EDIEEBREZHEH T2, HEETE v, & v, DHEIZE T,
Ernz mmE» S RET 2 DI ERY L BLX W ZHWTWS, 24—}
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Linear 4-port network

#1 #2
@
O - O
12
X 3.2 EEETHW 3 4 R — A
MDD Z 87 XA —=Z I TORTRDbLINS,
— R
- R f o TR (3.18)
Z0+R2 —]R 20
R=r+n. (3.19)

ZI2T, M=1D&EZERT 2720121, R=co ET30ERHSE. LHLrLZED
EIZBIEICIEARAEER 720, AEBICBWTIEn =50kQ B XN rn =50 Q %
TWw5, ZONBEERICBITS2 MIZLLTORTEEINS,

50050

_ 50050 3.0
50050 + Z| (3.20)

M331cXB20)2AIAFr— b Ric7ay b LA T—<y TERT. A
BUSEM C 2o M DIEDZELL T 2 EPRb» S, A I AF v — PN TEIE
BLTwaEKE LT, WERNEOBEKRER L, BLEHEFR— L 2gaichii s
BOTWRWIEREZILND,
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— 1
4 0.998
=
— 41 0996 =
N o)
— ©
— >
wm
= 0994 9
>

33 MERDMENPS LEDA T —= v 7 (r=50kQ, rn=50Q)

0.992

0.99



FTIFE FEBEAYE—IVRAEY AT LDRH 25

332 EERITRBICHETZAMEBROM Y E—F Y XAE

K AT LDOFHEGEFEEE LT, 40W HEVERR L 100W AEAVEIROEFIRAEICE 1T
24—V ARIET S, EEHEZX 3412, WERRZX35I12R”T. PC
LA uRa—7%BL, UPLAIAL LA v E—F LV RAEREHETE 05 A
ZAER U7z, 3.6 ICHMEL 7RIESRZ AT, S 2388 4 13.56MHz 128
T Open:ooQ, Short:0Q, Match:50Q & 7% Z &% VNA I X DR L 72,

Linear 4-port network

[m—— = ——————— Ref. plane
I
: A4 transmission line : :
: F— : Light bulb
I |
Power ! <o % : ,
Source : !
I [ g )
: 50 :
I I
|
(Y R [ —— _J
/77

Ch.1  Ch2
Oscilloscope -H\\\\Hh_
PC

3.4 FEBVEERIIE IS B 1T 2 [B]EEHE %

40W HEVEEERIC IW 205 40W %, 100W HEVEIRIC IW 225 80W £ TAN L 7
oA v E— SV ABEZK3TIRT, K3.7LD, ANENZENSE 5 Lt
HEERDA Y =V ZDEHBEML T2 2 EBbh s, ZHIFHRAERD
YIBRRERE E —35 %, L L, £ Y E—F 2 2ADMEBICEE L T3 VNA THllE L 72
fifi & LEREEBDHEZRTE S, ZOFEKD—DE LT, VNA EARTZAT LIZEITBH
EEDPRLLENEZSNS, VNADANENZE X Z 0dBm BRI L, &
AT LDBAEANENZIWTH S, TDEWICK ) ARAEROEHENZELL T
WBZEDBHEREIND, X, VNA LA AT LATIEEZZIKIESRZHWTED,
FRICARS 27 L CIAFEOKRIESRZFHL T3, 202 & bHEIHER2 52 5
BRSNS,
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_ - )
Power supply S Oscilloscope &% Incandescent
Y . gy llght bulb

e
B, @y Wy A} -y
o - "

Wi
Cal Kit

A4 transmission line

3.5 ABVEERD A v ©— 4"y 2 JIE JE e

Open il Short i Match

K36 HELZF¥) 7L—>ary¥yv b
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27

VNA
100W light bulb

VNA ] >\
. /-'—"—__“*'-\
40W light bulb .
Proposed System

| |
*\ &\  100W light bulb
1W ~ 80W

\ !
SV
e 577

=8
0._,7

RI37 A3 AFv—b k7 my b LEABERD A ¥ E— 5y 2 0@k {FHE
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333 EMFIREICH B ERERO > E—F Y AE

JERIEZ T2 OO O L DICBERNIER DS H 5. B I WPT > A 7 4
EWEERT 29 A CEHEL R ANEO—>TH 3, BANERICEV B hEINnLE
a4 VR PATER Z EDfE AR N L CAMAMES I NS, AR I A BERRD
Ny TV —, T—F— L4 ERPERINS. AMERD L) ICHEED £ £
TR AL H B, Ny TV —PT—F—FEHRANTH S Z L% 070,
BRI X 2 WD S RN DD RHIE L 70 %, BRI O BEIRANHE % & o
270121, NEETOWERHE N Ra P ofdtd o, BiihgIc B 2 A
ODEFZINHIT 2 2 L, HEBREDA VE—F UV ABERZ L LBEITo NS,
Lo LA g2 i 2 720121, BHT 2812 AN LREICE T2
BRIOBEDANA v E—=F VA% MET 203D 5. 7% 06, BEHREHKIT N
WA A =R o kIEEET 268070, ATEHITINDA Vv E=F LV ANRE
517570 THD., TNFTIBRA LI 1T, @ED VNA T NIE 2Tt
e, RENWANRIZEIT 28BN DOANA v E=F Y AZHET 5 2 LI
LW, ZITRECATLZHOCKENANRHIE T 2BRRKO AL v E—
FUoARHEL, BENEKEZRET S, SUELZBARKEZH VS 2 & CRAE
MEIHT B 2 & TIREY 27 2 0EMERRT,

4] 3.8, IX13.10 IZRASE L 72 2E0RImIEK & HIE > R 7 L DIAERERL & SR EGR %2 7R d .
LiZFa—7adn, CRERANZIHEITL2X v 305 ThHs. 7, EIMBEK
W% 30 5 % 7o D ICERHRIAIEE 2 A L T3, B L 2225 R I 30W 205
170W FTANLEZBOANA v E=F v AZHE LT, £, BRIFE I N
SRR e TR L 72, BRI n OERKXZ L TIORT,

=5 (3.21)
2T, Py \ZEREEEADANES, P 3EREED S OB HESITH B, £,
SR ey DEFENZ LTITR T,

~

ref (3.22)

Nret = s
Pin

HWELIZATIA Y E=F VR, nBE Ve 2311, K3.128 X313 DHEMA
AT, A VE=FVARBEICL D RELKEDVPBEL T EBbI 5, £
7o, AHEINC &) KRBT ENEF L T3 2 E83bh %, IR
MIENEICH 5 74 4 — FOIEFIEEICL 2D TH 5,
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Ky AT LOFHLZMERT 2720, 100W ANFHZBIFZ AL v E=F v R
H L ICEAREEREL 72, BEL 2B A 02 R ORTB A L 72, 5]
PERER 2 X 3.9 128 T, BANEEZFHA L 22RO A4 v E—F v R, i
R E L ORI ZME L7z, ATIEINETOW 225 120W £ LT3, JHIERR
2311, K312 8 XK 3.13 DRI T. BEANEZFFAT S 2 LT, iz
ED50%D 5 65%IZIA L L7 EBbyr s, £z, KEIFED 25%) 5 2.5% % T
I L7z, SNoDfERLD, RS AT LK ZIEBIEANA v E—F v ZHIE
DEXMER X A HMESHER I L7,

Ref. plane

Rectifier circuit

_____________________

A4 transmission line

Power
Meter

1377 .6n
Power

Source

Ch.1 Ch. 2

Oscilloscope

PC

X 3.8 2R AT LZEH OGO A v E—F v ZE %R

Ref plane

/4 transmission line

: 427n

Power | 12
Meter :
50k 50k I

Power : 484p
Source 50 50 !
1
1
1
1
1
Ch. 1 Ch.2 :
Oscilloscope bmmmmmmmm -
PC

3.9 B LAl % B L 72 BERINEE D A v B — & v ZAHIE SR
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30

¥ 3.11 BAREEOAMIC X 2RO A > E— 5 v 2LH)
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—e—without matching —#with matching
70
g 65 ./‘.\.\.\.
=
© 60
Q
S 55
@ 50
c
3 45
S
& 40
o 35
30
20 40 60 80 100 120 140 160 180
Input Power [W]
3.12 AN OGEIC K 2B D LT
——without matching -#—with matching
40
35
— 30
X
0 25
LCU 20
2 15
o
* 10
> -\I\.\H
0
20 40 60 80 100 120 140 160 180

Input Power [W]

313 BANOAMIC X 2 A E TR OZEH)
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B4E

EinERFAAEESA

4.1 FEEKICERT ZENGCEMROET

EFHRODRINE TN L COETF7A YL ARERZX 41187, HEPE
HRIEIEIR &L REMRBEORICERIN TV AR EZ>TwE, 22T, EFB
K O AR (2P GEE)) Th 5. FSEMREE ORI B 72 3 RHE L > T 5,
ZEMOGEMIE L2 BET 2 LEBRMWD» S Al v =SV ADLENT B0
SR RN Z 5 7D I HEPEE SRR SNE E 72 5. L L, fi7E ﬁ%@hﬁﬂ&%@
14 P RAICHRERR & 722 &, EEHEOFEIC K DEREE 72I3ER10 &2 200E
DHET B (X4.2), ZEBBZ @ﬁﬁ_m%a@ﬁ@%ﬁﬁﬁ/t 8 A DI
D20H L IF oo &%) HEEEARIRIC X 2BEDATREL 72 5. £ 72X 4.3 ITHREE
2% 13.56MHz I2H\>T 360 ° tLtk%@ A A EIEERE (FEXR) & fnax D7
7 7 %mg, 2 2ol EIRAMFEROESRE, i nux TH D, gna &1,
2 F— FEEEREOM R — b 2 MRS R CEELRES T Lo M
AR TH B [31][32]. K43 &0, HEHEIHEHIEZEOEA, ﬁfﬁ@ﬁ*%m
T max PMEL 2B 2 3005, EIEWDNLE I m$ﬁ%®%ﬂ&#®&
TIREIND 7O, HEko HEPEANEE TIERETRKE T X ﬂmLmYﬁT
%@ﬁ?%:&ﬁ@%&m.%ﬁﬁ%&tf,%ﬁ%m;bﬁﬁﬁ RS 5 AG TR
SR TR FESRE I N TV 3 [30]. oA RUTLEF R & ST %
BLE IR T 5 2 LT, EEKEOBEAKZIGHE T2 LD TH S, &4
Ko FEMERICEFRMEZEMT L 2 LIk D, 500W HKEEH — b DEfrH
74X L AFGEIGEEBRICEI L T3

AREETIE, EFREE IR 2, FEPRE L 7207 L AERE N IHIFE
IZDOWTIRR S,
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Transmission Line

Power 777 Q.
1
Supply Auto- i :

Matchi Receiver ! Openor
& g ¢ |:g (Electric or i Short
tredl Magnetic Coupling) i
Transmission Line
B 4.1 fEk D HEPEE AN #E 2 & A 72BN IRE R
Voltage or Current Standing Wave
‘\\ //’—_-‘\\ /”—_-\\\ /”—

N :', NS NS

i \/ H
1] 1] d

Power I
Supply -
MAUtr?' Receiver
@ e!tc ing (Electric or
Circuit Magnetic Coupling)
|

Transmission Line

4.2 AP & 2 I REN AR T
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1
0.8
0.6
£ lineloss :0.01dB/m
0.4 line length : 360° at 13.56MHz
0.2
0
0 60 120 180 240 300 360

electric distance between source and load [°]

4.3 %iﬁﬁﬁ%ﬁﬁﬁﬁﬁ (%/ﬁﬁ) & Mmax DEFR

42 ERERFAETES

4.4, M A45ICREMBEOMLZ /NS, MGEREEOTN & Emc LY 77 8 %
e 5 2 L TG RITH. R 77 ¥ OEEIZIES, WAESL S E2HvE, E
TEW DIRIE OB DRI IC k> TRESN D Z L ZAHL, &) 727 5D
iz @YCRET 5. 23U AN 77 % Z2Hwv5 2 LTl &6%2179. LA
#% A7 % FERMAT(Far-End-Reaction Movement-Adjust Tuning) & FEFRG 5,

Variable Reactor Transmission Line
yal
Power //
Supply _ Y
Receiver Variable
@ (Electric or / Reactor
Magnetic Coupling) /
yl
//
Variable Reactor Transmission Line

4453080 7 7 8 2 EFIEE L 7R (1E517Y FERMAT)
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Transmission Line

Power I
Supply Variable A . |7
o Reactor Rece_wer Variable
(Electric or Reactor
/ l Magnetic Coupling) /

Transmission Line

4.5 77 & 2 L 725k (W17 FERMAT)

4.3 FERMAT QIE:RRT

AREETIZESIE FERMAT, W77 FERMAT, & 6 I0&EMY 77 9% 1 DA%
FH W 72358058 FERMAT 12D\ CHERINT 217 9 . AT TIE, SRR & BUi off
HHRFEFRES L LT 2179, fE-> CARMIBERIOS LIEFhicER I n 5,
e N g [T T e e o AR N X i MR QR SR - SN N 4 I L B Y =X ()
72 OAPHGRIE & L FERMAT DfENT %2479

4.3.1 EFE FERMAT

Wi ) 7 7 8 SES G D BR O EAilfi [l #% 2 X 4.6 18T, BT O f§ B 7
DI, M EEERE L, MHEEZ Blradm]) TET. HTHY T 75D L v E—%
VA% jx[Q], BB S BUE E TOYRE % a[m], #EMEEOREA v E—5
VA% [Q), BfMiAYE=Y VAR =1+ jx[Q], Eii) T 7D E=F
A% jqQl TS, £/, BROWNEA v E—F v Rz=2LT5. 22T, il
PREEDRFEA Y E—F vV R gy ML Y E—F VR E LA LE, T 77 5T
B EDLTOD Z, DEFHIZK 4TIRT L HIHAES D E—F U R 75 L o 2FES
MEETH 208 03H 5, ZnzNTcETL,

RiZy} =20 (4.1)

DM LD, ZOFRMEZMRT 2 x, BT UL, KGRI KX 28GR L
%5,
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— Zin —Zin1
: l ,
el

/| 20 20

7. —

JTs a 4

) 2 ja)/]
/]

4.6 [EHH FERMAT 25 ffi[al#%

........

4.7 EFEI FERMAT ICEBWTHBANEE L %D Ziy DA I AF ¥ — b LoiuE
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X 4.6 1B 20006 AT AL v E—F VR 7, (3,

. X t+ztanp(l—a)

Zm = = jA 4.2
L T xanpl-a) ! (*2)
Al-An + jo} + Ax; + xD)
Zin = 43
2/ [ Ziny 2 (4 AP (4.3)
= B+ jC (4.4)
B+ jC + jzt
Z. = z + jC + jzotanfBa 4.5)

Ozo + j(B + jC)tanBa
s, R@)DEELD,

Bzo(1 + tan? Ba)

<0 (zo — CtanBa)? + B2 tan? Ba - (4.6)
DEPNG, EAZE x IZOWTHEL &,
x = iP+QT+R+S 4.7
P = 2z secz,B(l —-a)
X \/zor, {(rlz + xlz) sec?Ba — zor,} (4.8)
Q0 = —ztanf(l-a) (4.9)
R = zg [xl {taln2 Bl —a)
+ 2tanBatanB(l — a) — 1}
+r; sec? Batan S(l — a)] (4.10)
S = 2007 +x})
X [{1 — tan® (I - a)} tan Sa
+ {1 - tan’ pa} tan (1 - a) | 4.11)
T = zg — 70 [2x; {tan Ba
+ tanB(l — a)} + r; sec? ,Ba]
+(r} + x7) {tan Ba + tan B(I — a)}* (4.12)

BRons, ZITPIHEHT % E, FHROFIIIETH 2 08D H 570,
17+ X7 > 791, cos* Ba (4.13)

EWVIH)EUENFETEZ o5, N@.13) 13, 0 2L v E—F 2L LT
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AIRAF ¥ —F LIZBWT, 0 & zycos?Ba 2 AESHDIMING z DFAET % L L
DAFETH DI LR LTS, cos’Ba=1ET 5L, BETREHIHEIZX 48 D
L—HEN (ROEMR E2ET) L s, WY 778 x, DIEIZLFORTRD 5

X 4.8 TSI FERMAT IZEWTHEAAREE 2D 7 DA I AT ¥ — | LD
ns,
Xg = _3{Zin} (414)

¥ - ARG © AR T S [rad] DAL IS\ 2K, Hie A%
UnFRETZ, ZDLEDZ, 13,

2n+1
mn@w-(”z M):—cmﬁz (4.15)
X0,
. X, —zocotBl

Zin = 4.16
: JZOZO + x, cot 5l ( )

2(r; — jx, t Bl
z = ZO(ZI 12 D jzo(zo + x, cot Bl @.17)

r+ X X; — zocot Bl

b, K@D XU TOFREAIEINS,

1+ ~
-— =7 (4.18)
r
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ERl 7y Z2HHES LV E—F UV RELEAIZAF Y — b RITBWT, 0& 7z 2FE3MHD
FIE B 7 DSFAET 2 & ERAD AR TH L Z 2R LT3, K@.13) £ 4.18)
DEMZEBEEZ DL, AMBEDMBICWTHLEERZ L 201013 4.18) Ziikid
TBRENRH B Z EWTh 5 (X4.9).

........

B 4.9 B HSHRES LD EDMEICWTORAEELS DA I AF ¥ —  LOWLE

7, x & ox, OBRIZR @14 L I ToXcEEn s,

Z(Z)XI + Zo(Zo + X; COtﬁl)

Xs
1+ X, — zZo cot Bl

(4.19)

4.3.2 53 FERMAT

W) 7 7 7 2 WHEE L 7ROl 2 X 4.10 128, 22T, fAEMAEEORM:
AVE=—F VAR BHMES LV E—F U RELILE, WY TV Y TCEER LD
DD Z;, DEIPHIZX 4.11 DFELRETH 20803 H 5

K411 DAIAF v —bF EIZBWT, FEBEon Lzt T L,

%mﬁ:% (4.20)

%, ZOFMERRT S x, BHIUL, KAAICK BB ENTEEE RS,
AfA Y E—Y U A% g =r+jx & LT E, K41012BT 20 & A7 AT
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§—>Zz' —Zin1
[ .
2() : 2()
1 a 1
: ™
@ // JLp 21 t//

4.10 % H FERMAT O 254ffi[a] i

------

X 4.11 W58 FERMAT ICB W TEARREE D Z, DA I AF v — b LofiyE
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A= Rz, 3G RIS, @20 DEMXD X, 13,

y = +P + QT+ R+ S @21
P = zo+zor tanBasec’ B(l — a) X \/ {(rl2 + xlz) sec? Ba — zor; tan? ﬁa} (4.22)
Q = -z tan’Batanf(l - a) (4.23)
R = Z(z) {xl tan Ba (tan Batan® B(l — a) — 2tan B(I — a) — tan ﬁa) + r;sec? Ba tan B(1 64&)4})
S = zO(r,2 + x,2) [tan Batan® B(l — a) + (tan? Ba — 1) tan B(l — a) — tan ﬁa] (4.25)
T = z(z) tan’ Ba + zo [Zx, tan Ba {1 — tan Ba tan B(I — a)} — r; sec? ,Ba]

+(r? + x2) {tan Batan B(l — a) — 1}* (4.26)
DX TEBINS, ZITPIHEHT 2L, PHROTIRIETH 201D 579,
r,2 + x,2 > zor; sin” Ba (4.27)

DEMPEET D2 D5, R@21) 1%, 70 2R v E—F v RE LIRS
AZF*—b RIZBWT, 0 & zosin’Ba ZFESHOIMINC 7 DIEAET 2 & SEET]
BBTHBIEEZRLTVD, sin*Ba=1ET 5L, BETREHIIAIZN4.8 & FBEDOH
PHTREND, FREMYT 78 x, 13, UTORTRDEN S,

x, = Mz} (4.28)

X512, AMDHREEN D & BAIRE T nalrad] DALEIC O B, Hir- i a5t
#4035, ZoLtEnz, 3,

tan (8l — nm) = tan Sl (4.29)
X0,
+ 7ot 1
Zo = jo i Rutanpt (4.30)
Z0 — X, tan Sl

Jzozi(x; + zo tan BI)
21(z0 = x,tan Bl) + jzo(x, + 2o tan BI)

4.31)
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E 0, @420 DEUEDLS U TORDBEL NS,
7+ X7
=20 (4.32)

T

FRlF gy Z2HMEA LV E—F VR E LRI AF Y —F RIZBWT, 0& 7 2FE5H

DM EIZ 2 DMAET % L SBEDHRETH L I L 2R LT3,

4.3.3 =Eim3! FERMAT

AT, &) 77 5 DA TREGVARIC R 2 XM AEZERS. K412 12E

Wl DANZEY) 7 7 5 %St L 7l #E X 2 R g,

[
Z0) _T_ 20
S 2 .j$t///
1

4.12 BRI D AN 7 7 % % 24 L 72 FERMAT O %5 [F] % 1X]

~
Cal

N

A
v

B 77 8 OB THEET) kDI, WFORMELELTUELS 5,

Rizi/ 1Zin}
NallZn) = 0

20

FROFEME2 W TERY 778 x AL TORXTREI NS,

(r? + x){r; + xtan B(l — a)}
g — rtan B - a))

2L, AmA v =43 v 205t LT

Xy =

2 2
r; +xl

=2
T

(4.33)
(4.34)

(4.35)

(4.36)
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WEET 5, Ehld g 2HEA v E—F VAL LEZAIRAF vy — P RIZBWVT, 0
Loz ZRESHOMRE BIC o EET % & SBADPTRETH I 2R LTV (X
4.9). @4.36) ZhiL T 2 k) Afif (4 v E—F VAR EDIUL, AMHEDAEIZ
THEMY 727 Y DA TEADARETH 2 2 LB 0 5, $, OHEMA Y E—
' Z5MF 431 BB X432 TR L7, REEDAEIC AR B B f A
YE=Y VARG E T B,

44 EEBII1L—YavickZBHREL
4.4.1 EIREFERMAT IC&KBES

ARETIE, Mg S 2L — a I X D Ehqf FERMAT OA&EZ 8T, il Y
778 DfElF (4.35) Z W TBHERE T 5. X 4.13 D 2 F— FHEFEHEICEWT,
Zu =20 = 150Q, Zyp =z, =90 — j73.5Q, FHEMREEERE% 13.56MHz IZE T 360°
(BRE) L LEED S, X414 17, MlihZ kOB LE, Mtz S, &L
TWVw3, ZZTEA—F1IDAVE—F Vv R ORELA v E—F VA LFEE L
TWw5, $bbZy =20, Zin=7Td 5.

: [

T <0 —l— <0
< a .

€T 7
Port 1 Port 2 j t /

TZ#1:ZO TZ#QZZJ/

X 4.13 =T FERMAT(X 4.12) 20 & 85 & A2 LD BRyva 72 2 R — b A

v

v

X 4.14 1I2BWT, EROWEIE, AMIELRETO &2 2 00EIC\V 5 BRICES
T2X9 x, DIEZED T, FAEICEIT S S, 2R LTS, ZDOMOBHE S [F
BRIZ, AfA345°, 90° DALEICH B & T D x, DIEDRE, FALEICE TS S, 2R L
TWw3, X4.14 X b, AFMOMEDI0° DFE, x, =1837Q L T35 L TEANEN
B2y h B, RIS, 45° DBRITIE x, = —1486.4Q, 90° DERIZIZ x, = —122.5Q
ETHEZNETNDMEICEWTEARRE RS, FAK415 ICAEMDOEIIEICE
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—xt=183.7Q
==xt=-1486.4Q

*eext=-122.50
11

180 240 300 360

Ba [°]

X 4.14 x,=183.7Q, -1486.4Q, -122.5Q D & XD §,; O AW rERM:

J % x, OEZRT, x, DVT 78 AHIZ —c0 05 co DHIFHTLEALT 2 2 L2357
»5,

442 HBEHHERZSVRICHEITZIESEHEDIRE

I COMMTIIEHRLD - DI ICHRZ G EF RV E LTV, L LEE
DRI ERIIFAET 2720, BERIC X D RD ) 77 9 DIEHICEREDFE
T2EEZoND, AffiClFEOR & LT, F3EERE T L 725X 4.35)
ZHOTERY 775 x, DiEZED 5, Z OBRMEIRIHEE 2 GRS ICE S Z,
X, ZDEFFHCTGEDS NI A=Y DEZFHET S, v IaLb—varvEe
LT, X4.13 127 3@ FERMAT @ 2 R — FEEEREICE T, Zy = z0 = 150Q,
Zyp =7=90-j73.5Q £ T 5. FMEMEKER%Z 13.56MHz 128\ T 1620° (B
E)L12%.

X 4.16 I2JHFEES « % 0dB/m, 0.01dB/m, 0.03dB/m & L7 ED S, %, X 4.17
28, %, 41812 Sn 2T, ZDOLEE, AMOKIME° ] (ERE)ITEWT,
KX @435 ZHOTESZToT0 570, TEIGHIKICE W TIEENED S, 1% 0dB
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-300
-400

-500
0 60 120 180 240 300 360

Ba[’]

X 4.15 A OBMEICB T 258 ) 77 %~ A x,_opt i (z0 = 150Q, z; =90 — j73.5Q)

xt [ohm]

7%, 416 k1, $REEAE ET R TIR AR EDSREE I TN < 122 S,
PMETT 22 E03bhol, X417, K4.18 X0, HEBRBEMT 212>
FCERDEML T3 2 E3bh 5, a=0.03dB/m D & i AKT-10dB FLEE D S8 535§
49508, THUFEN & AEREEEICICR O BB A RE 2 M T 5 2 L TS
ZEDZEDHHETH B,

4.5 IZNBUEVER EFI)LIC & 2 EEERER
4.5.1 SEERIBRK

1/32 2’7 —)VE7)VEVER ¥ AT & %\, FERMAT #limd FAEHEER 21T 9.
FEEREN 419127 F, HEEME LTIV T —7%, EERELELTT 7L
Wz, PEEL TR ZF LYy AR—F2HVTWws, JHIER—TF 1IEIF5 GND I
B GND LT — 72 HwTib@fb L T3, S=F 2 70—+ DOHilr 4 —
Kﬁ%—f%%bﬁi%@%ﬁ&bfwa & @0 il & i EARNEICE %
WA kHIcL T3, %JYﬁ—FWA%@%L.%.4muT¢

:@%&%mﬁwf,fwsﬁg ) T 7Y VA x, DEEFHET 570
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0
1 ---------------------
)
S,
ﬁ e =0dB/m
v
9 e - =0=0.01dB/m
Co.'l.......... o-oca=0.03dB/m
_3 *tressa, ..
0 180 360 540 720 900 1080 1260 1440 1620
Ba[’]
B 4.16 FREGICTED D % & E D Sy
12, ¥5EERREE (Power Transmission Line : PTL) Ok &, AR EZ & O A4 ~

E—4% v 2OHIEET.

452 HEBBRISHINEENGA—=TTavTaVY

4K — b VNA Z O CTHERKOZE 1 R—F S/ X =5 ZHEL 72, HESR
ZX 42129, JEREEE 150MHz > 5 250MHz ¢, 1001 R4 > FAE L
T3, ZORBHEIC LB E LT, ARFEBERII/NUTH %70, REEMR-ZE
B O EREIVNI W EREF 515,
H4m_rt%£ME%%%w%mwT PTL D/XF XA =87 4y T 4 ¥ 7 %4T
). LA —F 125 PTL £ TORMEZRL TS, RIX—F T4y T4 7D
7}1/:1 ‘) A L2 1% simulated annealing % FH >, IRSEAE L[S peas(1, 1) = S im(1, D] = 0
EL7., 22T S peas(l,1) 1K 421 DEBRZOFEHAIZ L DESNZ S, THD,
Sm(1,1) E1XXK 422 ODFEfRREEET LV EZH AT I aL—vavickhBonk
S ZRT,

RIRX=F T 4974 VT DORRE, £41177 PTL ORMES S, £ 77,
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10 B ¢ =1620° (13.56MHz)
-20 --------;‘;""0---o....-oo.co---oo.....
-30 "“‘---.--::' e
= -40 BN
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s =0 \:
A -60 ==0=0.01dB/m ‘i
-70 *+++q=0.03dB/m ;
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0 180 360 540 720 900 1080 1260 1440 1620
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X 4.17 SEKICRER’H 5 L ED Sy
0
10 B ¢ =1620° (13.56MHz)
_20 ------------ "-o-..oooo-o......._..“.- .
.30 it T
- -
™y -40 T -
= 50 N\
N -=-q=0.01dB/m %
t
-70 *+++q=0.03dB/m }
-80 1
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F4E ERERFAEESAHAN 48

Wheel (Copper)

/

Road surface

| {Acryhic plastic)

Electrode
(Aluminum)

4.19 FHEFEETHV 5 1/32 A7 —)LE F )L EVER

Front Port 2
Tire
output port
- (output port)
Wheel - e

(Copper) —_|

o,

Screw ——»|

R

N N

Vehicle frame

X420 S =F 27— b ®D V-WPT #i&
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Smeas(L, D) BENS (1, D) 24231233 F, K423 X0, FEillfEs I 2L —v 3
MEIZRH 2R TWE I ERbn 5,

Open end

Power transmission line
(A pair of microstrip)

Polystyrene

Im
L, < >
o—00 PTL |
LW
o—"00 PTL |
Zy, &, tano, o

X422 89 XA =% 7 4 T 4 v 7 HZEMREE 7L

453 HEOMUBRFHEVZaL—Yay

HIECfENT L 72 PTL Z I\ CHm O EREZ S S 2L —2 a v T 572018,
EREZEOANA v E=—Y VARMET 5. HERZXK 424 12337, K4.211
BUIJAPTL%Z S =F a7 h— FDROHRSY 4 YiE & F% G5mm) £ 52 LT, 4
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4.1 FffiEBEE TIVICEIT 2287 XA =8 7 4y 7 4 v IR
Z[Q] | e tand | o[S/m] | Lw[nH]
97.1 | 1.36 | 0.0087 | 8.37e-9 20

measured [

_____ simulated

Zy=500

150 MHz to 250 MHz

MA423MEB LN T2 —2avick VBN PTLD S
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BRBEZGOAMNA Y E—Y V AZUE L7, Hiffi T L7 PTL &, MIEL 7%
D S 87 XA =% % H\T, FERMAT % W7 Bl ERHES S 2L —va v
REMEL . PR 2K 4251087, 22T, A ST X —FHIRIZ-L,
ERDHFRTDIFAIN T DD, ZHUIX 4.24 12B1T 2 ERF IRt S 7z R — T
1705 PTL ANDESRDOWELZNET 200D THS, K—F2IXEHINDS Z
DERFEEREZED T ANA v =3V R Z, PTL DA v ¥—¥ v R 7, &
FfE & 72 % & 9 BE L 7.

4.26, X427 8 XU 4.28 1TENGY) 7 7 8 DAiz 0Q, 0 Q, j100Q (82nH), and
5j100Q (8.2pF) & L 2 AICE T 5 Sy, & Sy DMERMEZ R T, K426 128WT,
Sl XHIZ R (R — b 1) & LIEHE D ICRER L Tw 5, [X4.26, X427 8 X
O 428 kb, @) 77 % %# B0 % 2 L CEEWNE, SioMENZEHL T
L2 EDbh 5,

Ele, Kb 778 v AMEICE T BRKRINFROLE (1,0, 128 5 ELERMEE)
ZRUABDIRATEZETYIaL—varyTHOWREY T Z2Y v 2EDRKRE 3
BEEL 72, BGEERERZ £ 421087, £42 38 mes 22 v—v a v RIFR—
FERE T EEZRLTWVRS,

Port 2

__

4.24 OGRS 2 b 7 RS A RHE
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> z,=194.2

! Port 2

: L, ar
—|JTm Measured

S-parameter of V-WPT

: z=
. Ly 511 §12 14.2 +j255.6
——T ¥ ¥ s21 S22
Power Transmission Line .
2p=194.2
"
o—— |
"
Port 1,
"
C " | |
"
- {GDS »

A

Y

425 PTL &0ilCA[Z8Y) 77 # %, PTL RIS =F 2 74— b 2 & L 72 Sffi %€ 7 v

o2 Open \ /
-a-g-a Short \r\ l

N, _
4+ 8.2 pF v, ¢ Z;=1942 Q)

‘[ lhos=0to 1.0m
w-9-% 82 nH \\__—;/\/ % . lpos: 0

X426 A3 AFv—F bkic7ay b L4 o0& 727 %~ Z{# x, (Open, Short, 8.2pF,
82nH) ICEITS S, D Ialb—Ta v
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0
--——5 Open

: I'E'ﬂ'ﬁ' Short
E‘ — S AA 8_2pF
= _
E - 7-%-% 82nH
E 3
) I A
§ -10 _5 ,l
Y
g Y1
o _
1
5 1y
5 4
R

1 8

220 |
0 1000

Vehicle position: /,, [mm]

X 427 4 D DY 7 7 %~ Al x,; (Open, Short, 8.2pF, 82nH) (&1} % S DiziERi:>

Sal—Yyavfl

100

ull
b

50

Power transfer efficiency [%]

-s—— Open
-e-a-& Short
-4 82pF
7-9-% 82nH

Vehicle position: /,,, [mm]

428 4 DDiEhY) 7 7 ¥ ¥ Z# x, (Open, Short, 8.2pF, 82nH) |2 & % B {5ES
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K422 T aLb—va ik RO IEEWRBEIMEZ X 435 IRATEZ ETHeNnD Y
708 v Al

Far-end reactorance x; [Q2]
Maximum- specified in | calculated
efficiency simulation | from Eq.
position [, (4.35)
[m]
0.35 00 8860
0.68 0 2.59
0.77 100 94.1
0.58 -100 -99.5

4.5.4 EEMAERMERIEREER

HiwEs I al—ya vz iEEd 5 7 © 12 FERMAT OFEGEFEB 2179 .
FEZR X 4291273 F, VNADIMES v E—F 2 2 R— b 1 % 19420, F—F
2% 142+ j255.6Q £ L7z, i) 77 ¥ DfHE L TP S 2L — a v & AR oQ,
0 Q, j100Q (82nH), -j100Q (8.2pF) % F\> 7=, HIE P EE 200MHz TH %, Hlifiz
EREOMERE R ZX 430 B LUK 431187, EMFEERIZS S 2L —> a3 ViER
EMEES L TWE I ERb2 s, £, £431P Iab—rarvEFERICE
WCERIE & e 2 B IEDO K2R T, K43 KD, T alb—va v LI
Rifle—BBRoND 2 b0 5,

F£A43T I 2L —a v EEIICBOWTEENEE 7t 300 ED iR

Maximum-efliciency position /,,, [m]
Reactance | simulated measured
x; [Q]
00 0.35 0.35
0 0.68 0.65
100 0.77 0.7
-100 0.58 0.55

4321425 D> 3T 2L —3 avRICBWORRY 7278 v A%z «Q, 0 Q,
j100Q (82nH), -j100Q (8.2pF) & L 7B D B HMMEIZ BT 2 jpaxy 2083, T I T
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429 S =F 27— b DIEICE T B EERRAIE R

.
Z=19420
lyos=0mto 1.0 m by 0.05 m
$:l=0m
/
o
/
§ o
e
\/ gg‘b-
vI “\
'-| B
v
s Open ‘\‘q
-a-8-a& Short '
2+ 8.2 pF

%-#-%+ 82 nH \/

4304 D D) 7 7 4~ AfH x, (Open, Short, 8.2pF, 82nH) IZE 1} % §1; DHIEREH
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100 7]
| , oo Open
K
— 5 -a-8-a Short
S ji\\ +-4a 8.2pF
Y _:\ [ 7-%-% 82nH
g 1\
2 50 1\ -y
= S0\
= i
t; —
iz . A / .,
= 7 \ S 0
& _ [} ; % ] %
s l“l I “ l" 4 Y
— v g
g b \\ i ‘,‘“ ’? N8
(=¥ _ k ﬂ‘ d;r V‘ ". /h‘/.
7 N\ 4 “s d h / ™,
~1( ?' K™ Ny [}
0 T | T T T ‘ hi | T ‘ ‘ | Ir T
0 500 1000

Vehicle position: /,,, [mm]

431 4 ODEdiY) 7 7 ¥~ AMH x, (Open, Short, 8.2pF, 82nH) 12 ¥ |} % & BB XM E
(RES

Nmax 1FPL T DX TEHE L T 5 [31] [32].

kQ::EE%, (4.37)

p= V1 +(kQ)? (4.38)
-1

Mmax = m (4.39)

X432 &0, @) 77y AlEEEASE 2 2 ECEAENTiOMEZBH S 2
TEMNTEDLY, HIHEICBT 2R ETEE oL D25, Lrl,
BV 77y v Al EYNICHW 2 2 & TR 43318 T X 9 ICHiDS E DAZEIC
WTHEN oy 2135 2 EDTES, F72, K433 ITHIT X D H SN S,
ERFE D afER 2 R 9, X 4.33 133524 L 72 FERMAT B2 FH o C O B 5 7 3w Vi
VT8 v AEEMGS LT, EERKENIC X 2IEATRE & % B ED T
DD Nmax (L OTRENENMGFONDE 2 EZRL T3,
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Maximum available efficiency: 7,,,, [%o]

4.324 DD 7 7 ¥~ AfH x, (Open, Short, 8.2pF, 82nH) 1281} % nmax DI EFFE

Power transfer efficiency [%]

e
-

-
.

-s——= Open
)
o8- Short
Aasa 8.2pF

7-%-v 82nH

100

n
o

500

Vehicle position: /,,, [mm]

nmax

950

o-go8eaa8-ao-BG-a8-8a 880

Nmax - Maximum available efficiency

|S,;|>: power transfer efficiency
Vehicle position: /,,; [mm]

433 FEHNC & DE ST (S 2 MBI D afg i

1000
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BSE

NABMZRWCETRT71 VL Xifa
EDRRER

mm

51 E|ILZIEESODFENRZ7O7

511 EBAKBIZIETRIAVLAGEELZ7O7)

BALER M OB D O L Dlc, AN % EfTT 2 HEEXE T (Auto
Guided Vehicle: AGV) REE) 7 4+ —27 Y 7 F~DIGEVH 5. AGV LEE) 7 + —
79 7 P bESREABHEAEE NNy 7Y I X VEET 27O, REOTFHCAES
DR L Vo 73V H 5. T o OEEHEM O EfTHICHELZRE TSI LT,
FE DM e U 24 IGREEGET 2 BT 5 2 L3 TE 5. AETIE, AFEMK
D &9 BN ZET T 2 EE M A EGER (DT, Bh7a 7 EERT %) 0%
BUZ O W TR 217 9.

512 B|7AO7IICEkRkESh3REMEFHE

ARERERNICEE S NS KRMICIZE LY VBRI HWS NS, ELZ VIR XV
,@,m%ﬁbw%TW@?%MmLMT%% 2 LELY VIIEEARICE
WCKEVS 720, FHEERVPENLEBIROE TR ZING, 2D LI
DWW CHERINIC ST T 5.

V-WPT /i XD WrifikG&E % X 5.1 12789, GND#, HE, Bk, &E, 51 v
5D, B E YA YHNDAF — IRV P DREREGT 22 L CEBEEN#2E
Wed 22 ENAHEE 725, WPTICEW TENBEENRIZIEFICEELRERETH D,
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ORI E VLTI, -2 F— )L ~OL MCBE 7 R O BREMEDSE SRR
REEAT 2. X5.1 OZliREE 2 5.2 1278, 2 2 TR, ZAAEMGROZFEE
KaFTEYL, C IZEABEBHOKARR, R, IFMNEME REHOFEERLZ %
T, C, (FHEEREM & REHOFAERE, RyIZEHEI A YHAF =L~V M
DFERREZRTIESL, CGRIEEEIATYHAF LR FMEOEAREZRL T
W5, 5212875 kB TORTERbDINS,

R
7 = —1
1+ ]wC1R1

v, 2R
1 1 1+ j(UCQRz

00, 2R,
0 1 1+ ja)C3R3

00
A
01] 5.1)

kQ:J{ R (1+CR2) (1 + 0 C2RY) .
2

Ry (1+w?C2R2) + R (1 + w?CIRY))

R(G52) LD, CIFkOEITHEREZ RN b5, £7-, R BBINT 32 &
TRQREDEMT 22 &, Ry DHEIMT 2 2 & CTkQREDEIMNT 2 Z L3025, [Flfk
2, RIEMEIOWHEERHIMNT 2 & C, PR L kQREMNT 2, Lad>T, &
BRI BINEED 72 DI IFR M BN B HGEEERE L OEbiko s s, —
7, fadERREE SRR & 2 5 &, SHEEEROEXEME 2 Th BRK OB
PES RSN T 2 a0 H % (98], 2 ZCTHEMAY IaL—varvzHuTE
PEEEAA RS IS B T 5 V-WPT BN D SRR &2 T L 7. MAbT L 72 X 5.3 12
KT, P Ial—YavilBIARERKES Io0m & L, ZoiEIIREMEO
ADOERBIEET 5.0, FEREM MEFEEHR 1, FEIEE) &Lk F7/, X
Mk [86] 12 & W IRE I N T\ B A BRI H b % G 72 fhd & L7z, EisIcEE A
FAXZEEL, A Y ILDOHEHEERLY 7, FEIEEZ03 L Lz, REDOFHEE

B 02 LEIEL, WEEEEE 2 ~20 E 2L 7BED nn,g 2T L 72651 %2 X 5.4
R, T L 72 ANIC B W T, REMERIDSEHEEER L %55 2 & T 251 1
T5., 2070, @HEFEERL R 2ERBEMHZHTET 5 2 L TRVWERZIR WA
TE5,

513 Fi7O7BAREMRIFER

Wil -CR 7 & 5 IS Z IVIZNEBIC K 2 &t 0, FHERLHIRIN L EES)
EOETREING, £, RN L ) ZEMRHIEHEEER L 2 2 LY
FLv, 22 CHHFERE X VERBIE2 AORRT 2072 5T L5 L% 1
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tire
steel belt steel belt
wheel o #2
surface layer #1
bottom layer electrode ground
5.1 %4 v&EEHTADWIHX
#2
Ry G G Rs
R2 Cz CZ R2
C
—
.—
R,
o o
#1

5.2 V-WPT D Z:Aifii[a] 1% [X]
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EEHE ~ _
(e =x. tan§=0.2) 70mm a0 #4% (er=7, tand=0.3@13.56MHz)
=< RA—IL
#2
{g,=1, tand=0) 200 mm
\\s 0
| 430 mm
| #ToC 4100 mm
) 2500 mm (BfE. Y5> KREE: 1 mm)
O.p-'"
#1 _ —
N 10000 mm -

5.3 10m fEHHE & EBIHKZ BB L 72 nuax Z BT 5 72 D OREIE

0.8
\
T T T
075 == = e
—_/ '\‘\ “5\
I B \\-\\' >\Er:20
I 1= Tie . Tt~ A
3 N o e N
£ 07 —— —Siabind it RS e S s
- ."-.\ \\\\ \
/—______\ b ~ N o
0.65 — _— S
—gr=2 ---ger=5 - - &gr=8 N
—er=11 ---er=14 -- gr=17 \\
—er=20 A
0.6 I I I I &2

5 6 7 8 9 10

frequency [MHz]

12 13 14 15

5.4 10m {BHHE R & V-WPT 8% B & L 72 nmax DIGEHTHSH
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LT3, INFETICay s ) — MEEYICEBEMEIZRINT 5 2 L CHEBERE
JFOFEBFEIZT 2 2 EDRBI T3 [100]. ZlEl, €V 7 LN IRk
ZUWMNT % 2 LT, EHEAERE L MEEEIREZ2 T 2. 2 2Ot L 13, R
F— VOB TH D, SIEE0.2mm, EX 13mm OMEZHEHT 2, BlAT 2 ik
Meo 3 SR MEAlTE 2 > 7 Y — b (UFC: Ultra High Strength Fiber Reinforced
Concrete) Z A L 3%, flBHEA D L ¥ V82 )L L UFC 82V 2 5.5 12K,
CLIZIRAT 2R % UFC 235 L LT 0%, C21325%, C313%50%, C41%75%,
C512100%&HBL7-ELZLTHY, DIZFUFCTH 3,

55RMELZ-ENLYILSZLE L UFC 2831

5.5 DMEHZ D WT, PTG & D SR LB IR 2 HIE L 72, HlE
2561 T. VAP L AEBNERIZISMHFZH 02 EPEE Lo, H
E SR E I ISM 4 (6.78MHz, 13.56MHz) % & SMHz~15MHz & L7z, 4 v E—
FUATFIAVFICK BMMERREES.L, K57, KS58Imd, #£5.1&0, Mk
HE% UFC BMET 100%&HE L2 EL )L (C5) IZ UFC® Cl & HREHFERE 4 5
ZEDPH o, F, MBHEOIRAREZ S T2 13 EFEBEEENMET T2
CEDPHS IR, RG22 kD, C5EEREMELTHATSZ ETV-WPTD
EEBNROLGEPYRTE 5.
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Impedance analyzer

Dielectric constant, €,

20

18

16

14

12

10

material

T

Impedance analyzer

5.6 AT PIIEIC & 2 5B AR B K OFEHIEEHIE

5.1 13.56MHz I2E1F %

A i A

| frequency | cr|c2|[c3|ca]c5| D |
13.56MHz | ¢ |6.02]12.5]12.6]17.0|16.8 | 6.09
tans | 0.51 | 0.43 [ 0.28 | 032 0.22 | 0.14
e R D C4 _
R et A iy s et R =t et
- C5
= = - - - -—-.- - .- - P b Tt o
C3
------------------------------ Cﬂ
D
5 6 7 8 9 10 11 12 13 14 15
Frequency [MHz]

5.7

SR L R
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0.6
e e et e S N O o1
2 N B R e s T &
& 0.4
i)
€ S U IS EN (R PR e
?03 P N IR - A N e N R IR TR, i C3
E —
202 fre—rr— == =1 Ch
} D
0.1
0

5 6 7 8 9 10 11 12 13 14 15
Frequency [MHz]

IX] 5.8 alkh o> 35 A 1 B2 o A S

514 B|7O70EE&ER:

HIEE T, 2 EA L2 B2 LIk ) EHEEERE L OMKFHEE I 2 8
TELZ Mo L, X(52) &0, REMKROHEEERI NS 2 LEIE
BRI T 255, 780 7HNO I 3L X — (BRI RIS X 2 @7 o3
MR NG, EEHEIHEICB LTI ROV —HENLEMIIT0 L5729,
TELEPE T DOWEINE P 2 LB RO T IO %2035, ARETIE, REZIRET S
MEHC1~CS), g% FIERMELE L 2BRD = 2L X —miltffic B 2 HEE L O
FEEWDHEBICOWTEMRRY T2 —va itk W iERT 2. WHEEE2K 5.9
I, AR % X 5.10 12, fENTREIGE R 5.2 ITRT

#5233 aL—vavibn

frequency 5 ~ 15MHz
electrode iron
road length 10m

surface layer material | C1 ~C5,D

bottom layer Styrene foam




B5E RRABMZEAWVWLETH7M1 VL AKREOEKIER

65

200 , 300 50, unit[mm]
e S
surface layer | | : ,
. ! I j 30
bottom layer LN ' 100
(styrene foam) electrode L
ground |

5.9 BEHLS T 2L — a v WIS (E)

unit [mm]

electrode /" bottom layer

ground 7

5.10 BREH S 2 2L —3 a v MRS ()
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BREFYENTY 7 v 2 VT, X510 0 2 K — FRIEHEIC B 2 R KEREE IR
Mmax 2 815 L7z, B 5111 pax DIEEREZ /RS, ZOFRSR LD, HilfHE 2 il o
T3 2L TEVBISIEZEONE ZEBHS I Ro, £, K512k E%E
R E LIERRE L, REE CSHEE LAZEREKICOWT, EENICEBIT5E
SAZRT. CO, #213Won s LT L7z, 222K L Lhh, 2o
TELEPEHT F COMEREL 4.66m 7223, KIEZ CSMELE T2 2 £C3.63m & 2 HRE
DIWRFMFENEC TV B I NG5,

1
[ ———
\-\_;
0.9 .'i-,.‘-:_.~ .
& " LS. D
N~ IR
~ SN "."'--.‘ .. —
g 0.8 RS \\ -~ .""--.:.' -~ :s -
E ~ g S~ o el S - .:' —
[l ~ N ~ | e T -~
0.7 ~ - ~ | e -, L]~
. R e N R T T ~ - . .
~ - ~ - _"~ _-: .- —_— CS
S~ ~ - =~ =~ — Teerees LEXTRTI C3
0.6 R P C1
= - - -~ ——
TT~-Tslc
0.5 C2
5 6 7 8 9 10 11 12 13 14 15
Frequency [MHz]

5.11 ‘f? 10m % ﬂﬁ7m7® Umax%lﬁ

6, BHBEEMRZ2M LT 2FEE LT, AAEMEIC @%%H% ZE
2 CSMEE BRI IR B Z - ik 7 v 7 o e R 2208 % 3, Bk
W T a b= a Vil D npe PENTIC X D REGEEGT 21T 72, “/E:LI/—/E!
YREKSA3ICRT. l59®%ﬁﬁkanﬁwfﬁatof%b FeAs EEAm I
AT MG E o T, 2 2RI Iem, Scm, 10cm & LY S 2L —
arvEirol., K514 %% J7256 D nmax 2787, X514 10, Z2fE%
Scm P EE T2 2 ETEHVIERIIFRERZEOND 2LV S, ZnsDFERLD, £
JE 7z CS MRl HE 2 IRk, A EMEIC Sem DZEREZ KT 5 2 L TRV
WeshE & e 287 v 7 oSkEtcE 7,
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#2 (Open)

4.66m 7
# #

Without Surface Layer

#2 (Open)

Surface Layer: C5

502 KEZELRE LN CSMELE L-EIL7 v 7 OERDAR

air gap (1cm, 5cm, 10cm)

IX] 5.13 228 % \ 3L 7 T T R s
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1
TiTisizi-.-.-._. | Gap=10cm
0.95 | B i, S il et el et
............. GaF=50m -...___.-_-_
08 >N e
\\\‘\ Gap=Tcm'[™ .l
5 085 ~ e
£ \\
0.8 \\
Gap=0cm
0.75 \\\\\\
0.7 T~
5 6 7 8 9 10 11 12 13 14 15
Frequency [MHz]

¥ 5.14 745 AR 1 2208 2 30T 7oA 7 0 7 D nmax R

5.1.5 8 OFRAERIFETE

BTG L 2@ b 7 v 7 23, 8 OFRBETKEZRELL. 1HoEIEE
kZ24m Lo Tw3, K515 ICERH%Z, X516 ICEER%Z, X5.17 2% OWi
W&z g, RIFIC CSMHEL BEIERMEIZEH L TE D, H[EMHEN Lo
DA BN Sem OZEREZ T C0 %, ZoEM7 v 7 I3 mE B E LT
D, FRPSIEEZITI. EL, 4z 1Re 7 avel, MEHb4RELT
W3, Z0OARENTZTeTIZ4o0M LB 7 v 7 2llAabbe Rl ko
TED, A—FOMEISE TRESRZUID B Z 2MiEE > T3,

T/, EEWEHIC L 2MENRETOMIRELT, 17> arvi230HEL, 20
PRI TR M [30] ZHAT 5, 2 2 CETRMEE & 1X, HBEMREEIC X 24044
ENZMET 2 2 LT, CEKOREZIHT 20K TH S, EFREKD F Ko
CENANRZATHEETZ L, ZOETHEIEIMTORTERINS,

L= w sin ¢ (53
1 _ 9% .,¢ (5.4)

C 2 2
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FEL ek 7y avyoilEBEHE 2y b= 7 F I AT ERAOTHIEL 2. HIED
FE, MU ORHEA v =50 20384Q, ¢ DX CHELEAIA 58.5deg, ¢, DIX[ET
HIEIAE 72deg MR Sz, T o DfEE W TAEF R Z G L 2. G 7
FEFREFEZK 518 B LUK 5.19 103, FREFREROARIC X 2 E£HHRD
Mmax 21X 5.20 1278 T, HESIZKS516 ISR T SHTHS, 2y b IT—=I7F 74 Y
ZHOTHIE L7 S /87 A =8 D220 nay ZHEM L 72, F 72 WE P EUE 13.56MHz
L7, M520%0, EFRNEEEZFAT S ECERKEEOREZIHIL, £D
PLEIZE VTS S0%IREDIGELNHRIME & i/,

¥ 5.15 8 DT A RIELTHEAMBL

51.6 EITEER

INETORREZEE Z, ETEBROLODORIEZFG - IEL 72, BENZX
52112 T, fEREHE— 7 VRSN TNy 7Y —IiZ&2 Tl AL TED,
H#EPEE E LT, AN, BRhig, BEERL X 2L —2, BEEEDRR S
HINTws, FEHE— &—u%%ﬁﬁ?hfmt% F—fEHLTw5, b
WIaHfE ol g, TP R O BRI 2SR S LT 72 W XA B T % 72 o D[Rl
Thh, ﬂF’vN“/&c:iM%bjiém’Cm% FE L 7o Rl 2 BE v — 7 VI
L, ERICBT2EMEEZT- 72, HERZKS5.22, K523I127R7.
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unit [mm]
Wooden frame

@ : Left-Handed Circuit
v 7 : Surface Layer

5.16 8 D FARIES T O FEMRACIE (LX)

200 . 300 50,  unit[mm]

A e s
styrene 1“oami 50 i i
surface layer \// , P |
BRI T j 30
bottom layer LN ' 100
(styrene foam) electrode I

ground

5.17 8 DT EEFTH (K X)
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C = 498 pF C = 498 pF

—] —

A
electrode L=116uH

~
electrode

«

e L o]

C =498 pFC =498 pF

5.18 ¢y XRHIC BV % A2 F %Ml

C =384 pF C= 384 pF

— I

Ve
electrode L=1.04 uH

~
electrode

«

]

C =384 pFC = 384 pF

5.19 ¢ IXRIZ BV % /2 F %l
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60
With left-handed circuit
50 —
40
g s
> 30 \\ /’
[g0] \\ /’
E \\ /’,
c 20 . -
10 N el
s..---"  Without left-handed circuit
0
1 2 3 4 5
position
5.20 £ T RAIKIC X 2 EAE ]
MC : Matching Circuit Capacitor
LPF : Low Pass Filter C_ —
LHC : Left Handed Circuit MC [ Rectifier Regul'amf
LHC] [LHC LHC | | LHC
Relay
surface layer
— MC MC H 1<— electrode
LHC | [ LHC LHC I
A ground

D iyerter [ 15F
Inverter

bottom layer

521 VAT L ERD 70y 7
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unit [mm]
-k

Wooden frame

[l : Left-Handed Circuit
U/ : Surface Layer

Electric Cart

6000

X522 BEHIE—27 VDA EoXv 7y a vy Fich 2RO R — b EEHX

A= DBH522D X H I DX 7y ay Blcw aEHI#1 134 Lo BB S
N5, Frh—tDBXS523DIHIICETDXR 7Y a vy BITw B RE#1 AT O
R ENG, A—FBEE KETokZ7y ay Ri2waRs FAERICH] 052 Y)
DBEZTHET S, WIERIZXS524 1R T L9220 E Lz, K525 &0, £F
R & D EEWREHIDFRETT, ~EOMETHREIETH L I LRI NTH
%, WER 2 OIS CHIE L2 S 8T A =% XD, 28— bHEKREAZHOTES
[l#& 2 3%EE L 7z, BEATNEEEEMZ O V-WPT 213 p 2K 525 IS8T, 22T,

=[S (5.5)

ThHb, X525%D, BEIE— 7 VD EDIEIINTD 40%FREDOXEH TR M HE

THEIEPREINTVDE, E=IIURIPL a vtk >EDHERAE L
T, EFREEEORIERE, Hilihh S B2 D T X7 v S OEMAlREEZ S, %
7y a v OHXEREOANE M, HEREMOMREROANE M, 2 EE R
6D, RBRICEANCK2EEIE — 7 VETHEEZIT> 7. FEBFER %X 5.26 I
¥, REA ¥ N—% O WA 13.56MHz, HHES1Z250W TH 5. Ef7HE
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unit [mm]
Bl

Wooden frame

[l : Left-Handed Circuit
U/ : Surface Layer

Electric Cart

X523 EBEIE—27 WG TDX 7y a vy Eich 5R0 R — b EkX

DGR, KE Skm CHREIE — 7 Vi BT L, —MERICX 5 V-WPT X% H
W2 ETHIGE S A T A DNEIE S LT,

52 FA77I)hEERELER

5.2.1 ERME - BEE

AEITIET A7 7V 2R L L-BGERZEEH L, SKWHKEVOT7 A YL &
MEICL 22Ny 7Y=L AETEFEET 5. BIfiiCE 1T 2 ST of5E, Sk
BOTEWENGIBIEZ 5 7201138 8K#RE %2 EXMNER DD 2 oM EHoiE
TAIMENH B ERENT, TAZ7 7))V ENEBICHEH I BHM KD Z2EE
T30, @EOT A7 7V Ml TIIEENROE T NREINS., 22 THH
HEREB L MEFEEEEZEHT2FRELT TAZ77VEOEMEL TR T Iy
JARKMMT 2L 2RET 5. HTPREICED, 7A7 7V FEME L THIA
SN WA LRET 21T 3 v 7 ARADOHFEERE X FHRIEEZME L
7o, RS21I—MA LT 2y 7 ARMAOMER R 2R T, HaFERII A
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unit [mm]
Wooden frame

[0 : Left-Handed Circuit
7 : Surface Layer

5.24 BNRERNHME 5

60
50 TN
~ P e
_ 40 ~ S~ e ===
S hi
> 30
=
2
é 20 == 521 (with matching
Ll
= nmax
10 (without matching circuit)
0 S

1 2 3 45 6 7 8 9 1011121314151617 1819 20

Vehicle position

5.25 FHE FICE T B V-WPT D% q
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5.26 ETFRBEOERT
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ETH D, %?:/7Xﬁpﬁ®*@E&#%%# IRWETH 5. ZuE, i
Peh L lERE 7 2 v 7 AR A EKRED D, FBKBIFIER VD EE
265, Ltﬁofk7\/7XﬁWE%mm% & CHEAILERNZ %)L X —
DERBT2ROBEREZEBTCEL EEZOND,

KO3 -BrhB L 7 3 v 7 2RO DHGEEER, FHEIEENER R

] iy i EHR ﬁ%ﬁ&\
— e 2.95 0.127
737 RWhA 2.29 0.004

220, A EBMELET A7 7V RRER T 2 v 7 ARG % BB
ELRRRT A7 7V MREGRIEL, ZOEREHEE VNA % o 7 F ki &
O%@L% BREHEDOHER K2R S52.1ITRT, £521 &0, FE7A7 7L

DFBIEED T A7 7L b EHREGD TERNMEE 5 2 Db 5, Tk
%ﬁEVN@ﬁ%@¢®ETﬁ%7X77»%#%6@ WHRRZ E2RLT0S,

%54~ﬁ@5%;0%7:/72+Pa%mw%7x77wb@w* B, FHEIIEENE
TER

| R | HA R | AR
—fE7 A7 7Lk 6.44 0.33
K%k 7 A7 7 )V b 4.97 0.01

51z, #£52.1 Ofiz W CHER 25m BLEBK OB NERIES T 21— 3
VafTol, K527 ICHELEROMIHMEG 2, X528 2L —>a ViiRER
T a2l —Ya v, 25m BERD oy - BIEO B X KT A7 7L
b OMEERE L 2B LEK TlE 18%, £ 7 I v 7 ARMAE XN Z N2 BM L L 7Rk
TAT7 7V ECHEL ELEKTIZ96% E %5 Z EDRHL L E RS T,

S UREE 400 mm

FAZ7I

Bk

550 mm

gfavyfa 50 mm
AZAO T4 — ‘)—"““: :20 mm
/ >
ERK 1800 mm

X[ 5.27 figthT U 7= FEALE I T I A
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0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1
0

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

% (6.78, 0.55259 )

....................... o(13:56,0.08278) oo [ewwa]

5 10 15 20 25 30

Frequency / MHz
¥

—f& 7 A7 7IL

‘) (6.78, 0,95658 )
02( 13.56, 0.96048 )

0 5 10 15 20 25 30
Frequency / MHz

%7 A7 7L~

X528 3 2L —¥avilk? 25m BiEHRFD pmax
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Z o REt 2 FEICTERR 30m BALER 2 G L 2. C OB B IXIX 5.29 [IR T &
AT, Bild 5 10m DAZEICKEE R Z A TE D, 10m FLER & 20m ELEK &
WZABEENTWS, ZHUIARFEFEFEBRICE LT, 7 10m HEEcHAEFERZ 1T\,
RIZ20m, HZIZ30m EEHEEZIRTELXHICL7-DTH S,

EEIT R

==
A %)ﬁ

X 5.29 Bk LU 7= BAE I 0 26 T ik

METHEE %X 530-K 534 127, £9-Bpa2BER L, TREEEZPRL
(X5.30) . RICTEEE 77y FiReET L7 (K531) . 77~ FiRIETE
A L ICEET B ELER AN O D S DERGIR OB R L — IV ET3RENH B,
Sl 7T v FRE L CTBEIRE iz, B L7277 v P btk 7 3 v 7 2%/
7% ECRERR S 4 % R M OV RS % 30m i L (IX15.32, [X15.33), #ELL
TRk 7 27 7V b 2L (K534) L7z, Bgk7 A7 7oL RS, SFEBERD
m&wﬁﬂabfk35v7x%%ﬁ%ﬁmLt.k75y7x%%MiLa®ﬁ
FIZOHV SN TE D, i H B O 10 TROEEZ AT 2 2 & HSERE
o (R 7y 7Aet) X 3iickoTHSICE T3,

5.2.2 FERMAT [C L2 HEEMNEDREIL

A L 72 B ERK D 10m XHICOWT, RIEORHEK T A 7 7L b BIEHET & Bk
Bl 5 pnax 2 VNA Z HIOCTHIE L 72, WPERTR 2 X 5.35 1289, &5, 10mis
%’%mf%@&t@%%@%M%,%E%b@ﬁi%&&%:tﬁb@ot.%E
ZWET DL CERBIIEME T LZBEKIIE 7 A7 7V Mk pEEEEEZON
5., ¥z, vIal—va v EHRERRHER20 K4y MEFLTws, ZO%R
DOEDE LT, MLRHZE O TEBRATBICKDTERGEHEINIEREZI NS,
Bk L 7 B LB Z BT V-WPT I & 2 BB DAL ERHE D nmax % 2 L 72
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5.30 IR

531 77 v P L
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5.32 JLJE i T

[ 5.33 X EE ML
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X 534 B3k 7 A7 7V b2 &k A FRET

FERZX 536 ISR T, FEEIED puu 1FIRKT36%E LD, RIEKTI%ERE L
DO E o7, BIEAIHR & AREBEIREMET LFHRE LTE, 40T
QX 2BENEZ NS, T, ELEMKDOFEIC X ) LBRRIFMNICZL
TWB I Ehbhs,

EEPNLAN T 2RE T 2 MG 2720, 4 B CTREL Zuine K 2% e
(FERMAT) iz H\w 5, BatofiR, #mscfte LT —7">, j23Q, j;2Q LT
2 Z L TCEVREDMEICWTORE L GENEPR NS ZEBbr o, T
Hp) 779 v AfHE %% %9 10D-FB Dl — 7 V2 Wi 2% 7%HAMEL 7.
INo DAY 7 % BRI B L (X 5.37), V-WPT ONOLERHE % JIE L 7.
HERRZX 538 1IR3 T, X538 &0, &V 7785 v AMEZEYNYIDHZ 2
EC, EVOBEDMEIZWDTD fuax = 25% ~ 35% &, LE L BEEIMEOND
ZEDbhrb,

523 ETHIA VYL RAEEERIEER

T E ORET L AR A LT, B 10m DNy T U — L REFTEBRE T %,
RO T A7 2R EK 5.39 12777, 13.56MHz @ RE &iFE» o S n-EH1Z
LPF %/ Lmdiii 2 Wi 52, Z20B N7 Ik b 28T —FE LRI NES
I AT E N5, BERIEO I EELE I R S Bl B I N5,
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100
90 SN
80
70
60
50
40
30
20
10

0

=

________________________________________________

Mmax [ 70]

i o o

0 10 ™% 20 30 40 50

Frequency [MHz]

5.35 10m FEALE I DIERENFE pmax

40
35 ¢
30
25
20
15 |
10

Nomax | V0] @13.56MHz

Position [m]

5.36 10m BALEHEICE T 5 V-WPT D 1ax
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537 iMfE L 72 FERMAT > A 57 LA % 7

OPEN j23ohm  j72 ohm

0 2 4 6 8 10
Position [m]

5.38 FERMAT > A 7 & % W 72FED V-WPT D npax
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INRLEV IZELER Eich D, 42N L CRBAEEN2ZET 5. HERICEE
SN EIFHEE CEARE, T v, RFERREE, &Rl X211 —2)20L0
TEVDA Y N=FE—FIC A1, 7, BB IE FERMAT & A 7
D3 LRI L AR TN 240 LT B, EEES 2 X 5.40 1R 9, FEEE
FEROFER, £ v N=FH 1% 3kW & L7 & & DC I 900W %2152 2 L 3 TE,
RF-DC %128 30% % % L 7=

0

13.56MHz
RFER
—{=man 1 207

M/ i

f reo
r\\ Rea i o
10m N\ ARAAOTA—L
BHHEE EEKR

BEEE S [ RFERER b= SHL XL —42 =

5.39 ¥ A5 LRERR

540 Ny 5V — L A ETEBRONT
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BOE

i 2

AT, EALERE S HBE)H (Electric Vehicle on Electrified Roadway: EVER) &
AT L DEFED 7= D IREBI R D EFIREBICE T 5 4 v E—F v 2 EDH T
2% EVER FEHALIZ A 7c — M@t % F o 7- EALE B L OMET IS DWW R R 7z,
2FTIZ, EVERDa vt 7L, A VEEER, kO, fne &\ R 5w
B2 EFEMIC O WTHEIH L %,

3ETIX, AvmRa—7L Xy ALz FHH L CEIRFAN A Y E—F v X
WEDH I le 7 70 —F 2R L, HEwbTic X b, #9F 4 X — F k#2113 5
ZET, BIEB XOIERBHEOAL v =SV AR Y TV AL LICHIETESL 2 L
ZN LT, RES AT LOEMME XA OWGEED 7= ®, HEVERK & BNl
IC K BHEFLER 21T > 7, 100W HREABAEBRIC IW 225 80W £ TAN L ZBED AT
AV E=YVADEMERRES AT LI DMEE L 72, WIEDORR, EhERKEL
THIWONHABERDA v E—F V ZADOEHBEML T B 2 EBbdo7, T
ZABGERROWIIRIVRRE E T %, £, A Y E=FV RDOEIICEL T VNA
THIE L 72l & REF A —BBMERTE R, TDI L XD, R AT LI K5I
AVE=FVAMMENTRETH 5 Z LRI NI 51T, 100W ASRFZE 1T 5%
MDA TIA v E=F v A2 EL, ZDfid SEAENEZAEL 2. SYEL 7%
ANz AT 5 2 8T, BN LB X O REEN ORI T — X —%
WX DHERTSE ., INSDRIRED, REC AT LOHEMMEE X OHERINEZ R
L 7.

4FTIE, MEMEEOIRE X ERICAZY) 77 ¥ 2T 5 2 & T, g R
EROMEICAMPBE L 72 & Z1C, ZDAEICERIE 28 S 287 L& E)7
7 (Far-End Reactance MATching: FERMAT) Z &% L 7. BERTic X D itmY) 7 7
% & ES R L 72 ESBL FERMAT, it Y) 7 7 % % WAl L 72 325175 FERMAT,
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IO AN T 7 8 %L L 7@l FERMAT OB A& 26 I Lz, #BE
BREEDREA v E—F v R LA ¥ E—8 v AREDBIRY H U= ) 7
7Y DHRTEEDRHHETH 2 Z EBbhrot, MERKICEEZEDLERIZOVT
BEBSE PG L7, $RHIESE a=0dB/m, 0.01dB/m, 0.03dB/m & L, fRig4eE#
13.56MHz IZE T 1620° (HEE) & Lz & SI2OWTEMEICIRIT L 72, Z Dk
X, @=0.03dB/m D & Z S|} B LS FRAT-10dB LNICHERFTZ 2 Z £ 3D Do
7z. 65> CFERMAT #2252 L2 kD, & ZRKICHERD S 256 CHHHER
BB T 9 e HEVE AT 2 AT 2 2 & CEAD LN 5 HiPHIC F CREVIE
TESEW) ZEDPHBWIRE., £, 132 A7 —IVEFNVIC L 3 EiFEE%Z
fiof:, MEMKEFX ImEL, MEBEME LTV T 7%, BEEREL LT
TIZUMAE, FEELTRYZFLYR—F2HOTHRL ., B L -BER
HOREZ 4 F—F VNAICKDHIEL, MY S 2L —FICkB 89X =% 7 4
T4 ¥ 7% G CEAGREE TV 2R L7, 7B L 72 S Ailli0] e 77 v 13 S HIE &
Rifi— R 3 L 2R LT, S=2F a7 h—DY A4 Y LRERBO/BES
wm2HE L, F L 72 fGERREE O FEfinlEg € 7L & A FERMAT %z H\W 72 il o
PrEREY S 2L —vavzirok, EHinY 778 Dz «Q,0Q,j100Q (82nH) ¥
X TX5100Q (8.2pF) & L 7= BRICTELEINE & BiDPEIZAT 2 2 L 2 fER L 72, &
V7 7FDfEHE LTS 2L —a v ek e, 0Q,j100Q (82nH), -j100Q (8.2pF)
ZHAOGCHmMOMBEREZIE L 2, R, Yo —ya v L ERICRIF2 K
RSN, REFEOZLYEDER S Lk,

5T, —MEMELY L EEEM E L RN ELER CITEL7e7)
DILFEFIRIZ OV TIBR T, V-WPT A OBERMNTIC X D, SHFEERE 2 1K
BIEZORBEMEI 2T 2 2 L TRVWERSRER NS Z 2R L. £EY
Rl LDz, LI IVICHBHEZIRNT 2 2 L oaWEERE2Rons 2 L %
BHS 22 U7z, Rt o i3 i & 2 8 s it mfim o > 2 ) — P LA E T3
2 LT, MERNE LERGBEBIEEDN0.51 05 0.14 T CEMTES Z EER L, BIF
L7 MElZ2REM & L-EL7 v 7 0BT 2170, SOENBHRIELZAS
NDWHMEEZH O I L. 2o oat 2 i, HGFLEFEEGSR S OFRE
b7 7% EL 72, BMEICE TS V-WPT D nmay & 40%FE & 72 0, fkkiiaE
DUHETH 5 2 LAVR I N7z, BAMIK, i, BEERL X2 —2%, Bk
HEE 2L, BEh A — ML EITERET > 72, EBITEROMSRE, R
Skm CEB) A — F2HKEEEIT L, —MFEEICK 5 EVER Y AT ADFERES i,
2, TA7 7V b2EREE L BLEROMENE X OWIHAEE IO W TR L
7o, FTECEROBENMERIFEZED L0, TA7 7V MHGSNLEMIC



FoE R 88

DWLTHE L7, WHEDO7 A7 7))V MEH I N 25 (—EM) OHEEERE X
OFBEILEZIE L -6, WEERIZ2.95, FEILHEZ0.127 45 2 Ehbho
7o, ZORRED - BEMIGFEEEEIRE , BLERNOENERIEPIKREL &
L ENBRINT, ZFITHRLGZEMELT, 7 3y 7 RARMAODOA %G
L7z, 27 3y 7 ARMADOHFHEERE X OFEIEEIEDORRE, HEFEHRI2.29
L, FEIERZ0004 L2l EBHOLERST, ORIV ET IV
ARWMAEEME L THW S 2 & cEGEROSHEN L3 s i, 72, M
mﬁ&k?iv?%ﬁ M%mmt7x77wb%ﬁﬁt ZNZENOLFEEEE
OFEERELZIE L. 8, —BEMEH 7 A7 7V OEFEERIL 6.44,
*@E&iO%&&o% 72, 7 v 7 RAREMER T A7 7V O
a2*74“497 ,ﬁ%ﬁ&ioma&% EDbot. 51T, INsDREE2H
IEHE 30m BALEK OB NEIBENERS S 2L —avz2itok, §E, o3y
AREM % E mL%@%E%iU§E7X7TWF@%MELfmm% £C, &
THEFENED Nax 12 96% & 725 2 E DRI NIz (— T %2 H 7545 DEIERE
BHFIZ 18%). & T I v 7 AREM % TEREE M RIA AR NI TERR 30m HAL
B2 BEY U7, B L 2B ER 1T 10m & 20m D3 El S d7z 2 D 0 EALER T
R ENTw5, Zhix, EfFH%Z 10m 225 30m £ CTERENICETHEBEZITA S
AT 270 THS, £7, 10m B IERKICE T 2B HERENHED e ZHE L
7o, HIEDFER, Do 1375.1% 80D T 2L —2a vy EHR20EA v FOEFR
Aoz, ZORKE LT, ELERGETIZERHICEWTTbNTsh, 2ol
THATIERBENTEL, PIHOFES Tz oRE7 A7 7V FEEETHTKIT DA
D ZARTREMED D 5. Bk L 7 EAER LI/ EV 288, V-WPT 2130 ..
DAEREZ M L 72, $558, RAKT35%DEBIEH 5D, EHEHEOFEIC X
DRI 0% L 75 bFE L. 2T, FERMAT ¥ A7 LI X BRI D%
Lo 72, BALERERZ K, 2308 X0 720 &322 L CEMENNE & i
DhE % B S, BENEZ 25%05 33%DHFHIZND 5 Z LIS L, i
WKEDEE LB I ZEHL, INUEV O Ny 7Y — L ZEfTICHI L 7,
%%@@%&Lf,if#ﬁ%ﬁﬁ%ye—ﬁyzﬂﬁvx%Awfﬁﬁmﬁ%
TN, BURTIIRE S AT 413 /4 FREEIC X D BRI Z HERE L Tv 5729,
Bl & Fo AT 2 I 2 R ICHE 2 IS I3EED D B, £, 1 $—b@%
DAMED {27280, G55SR — MUANDIREVPE TN S, I 512, SHEIREL
THEDHED S L S DM T, ZOBMEICERNZERSZAHLIZS wZ R
HHETHD, IoRIMHVPEEND. RIC, EERISEKT 2 BRI T O}
AEIZOWTIE, Bk FERMAT B cld B bl B2 B84 2 8z 1 > ERE L



FoE R 89

Tw3, SHFEMAZHET LT BB LICEZHEWPIEES &R i
BTHDH, ZNOHOHMICK L, EEHOHELRLEL CENZMBIET A
T L DOWEFEPERICI TRERFEE 20 5. ¥ 7%, FERMAT ¥ i3HE B
DHMDOMEZHET 2 2 LI >TwE, 20ROy YLD ) 7L
H A DIAEPIN DI E 2B 2k, X 5I2ENY 77 Y v A QBN &
AT LADKEDDIC L I EPRRINDG, S, EFRNEED X 5 122N
THEK I 1, FERMAT @ X 9 IZHEE I IHINICIEEE 3 2 Z & D 2 WiEfERANH T4
DEEND, X512, KmCIZENMITEGER Eb7e 7)) REMeie LT, il
WHEZ RS LBV IV ZIRE LFEIEEMET §2 2 L 2R L7203, Zofildk
Eraiidvzize, SBOEHEMEEZHS chh, X5k - BEHEH
WHIETH 5,

A ZHED 2 I2H7 D, EAMKEEEIGRIED D 5 A, BIEFEREREZIEL <
HWET 2 LD X, BEZ2ERT 5I12H 7 ORI & BN 2
SET B 7 DR - BB 2 EIEEIC S ICIE 2 S 6 7 A4 Y L RRE T
ko2 2 ETE. ED XD ML Z IR, VAL AMEEMICLTH X
¥ F BIBEEMN O LI D o TED, 200 2N (b AALTTIE AW
IR ENTEL I LRI R TH -2, 5%BI1F, ZnETitis
NEHRZTEP L7 A4 YL RAREDOAL ST H 6 W 5 EA/E T B~ D F % fif
XL T2 D) ThH 3,

AW TH S D> & 5 o ARSNGB D A7 I £ OWIE, FIFEOE R ER
bl R LiRfRE T 5,



90

A1

AR EHED B ICHT- DSR2 THE, JHEZLD F L 72K 2 832, )it
M BB 2 B OB AR L £9. AR L TREAR R S %2 TH
EF L7 bJE F55E Bz, w)ll Ji— 2z, B 164 2%, BN Bt ez, ws i
BIIEH A2 L 9. 72, FEOEH K DIFROBEI PESRL I 2 HE W2
W7 TR S E AR O G H BC TS R 2 OB E R L 7.

BLERERABHEOMAFFKCHEIEERICOE F L TIES K D4 DIITIIC
IO LRSS 2 L TEFE L, KEUEBMRA St o £k B, A G Ak o
FOR 25K 22), K R B, ERT K95 Bk, Rika 7 v 7 XAt oAk Br—
Bk, KIEA A B EEMR A1 0 B F) bR, BREGTR & Pt O R 758 BRI & D J&
Hhoz LET, AR X 2 EEESCREICH 7 D EENICB W TS K 28 % T8
EF L7, RSt oIk EE i iho, S0 IR Ak, LB #l AR, fepg Bl
B KRB S BRICD X D o2 L 7,

YA YEBEOMIE LS BV, BIRLUH & b HIciREED TE D F L, B
S I ZERT (B #RN &AL UL Japan ATJE) 1658 BRZZ RIS OEZ R L
F9. o, AR L e Rt EF L ke —T . a2y LY Uy
NS, BEIH — P OSEIC T EEE LYy 72T T /Ry —
MRt Bt 2 7272 & £ L7 b 2 7 bkl et 5l - RHR 2 7272
EF LR T ER A OB i BRICEST O 7. U £ 9. A ORITICBIL
ELC, ERAEAHRMOHRED JHE . S e VRS E L RBRAEERIC
EHC T L 9. AW O8I, Mg G Aom ST 7EBHFEHEE T3 (SCOPE) © 349
F5 0159-0001 B X U 0159-0002 DAZEEHFATITHIL b DT, BLEKESH
B HL OIS % HICHED T E BN AR 08Kk REE 7, B 3% 7, U &
BOE, R il B, Sk B0 8, AR, RECRS B, E i A, Bl R
T H, EH B A, Wi ERE, IR R RIS S K e ) 2 I I I BRI
TR, 74 P L AEEFAZEOBRICEH L £ 7.



91

SR

[1]

(2]

[4]

[10]

EHUBRIR AR (HIGEiHEE X & —, R o bk e R (2014 4F) )
http://www. jccca.org/chart/chart03_01.html, 2014.

BRESA, SRR B PR SR 2 21 IRV E 2258 (COP21) MOHERGEE =
911 MfHIES A (COP/MOP11) DfEHIZOWT " http: //www.env.go. jp/
earth/cop/cop21, Aug. 2016.

IR, “BR A 77 74 oA 7 v FHBHOW 2| <, TEV:
PHVu—F<vy 7, 20 LD F L%, http://www.meti.go.jp/press/
2015/03/20160323002/20160323002.html, March 2016.

H AR BB #EOTZERT, “a3% & GHG PRl o il E, 2011.

H B R A S SRS 2, < B B ER A A EdEE L) 2017.

HE A S iGN~ 77 v FE - B HBHORA BEER A, 2017.
FEVTPESEAS , <& ik, p.10, 2012,

A. Kurs, A. Karalis, R. Moffatt, J. D. Joannopoulos, P. Fisher, and M. Soljacié,
“Wireless power transfer via strongly coupled magnetic resonances,” Science,
vol.317, n0.5834, pp.83-86, July 2007.

RS A ~ v, “WolEBEHE Ay, ” http://www.daihen.co. jp/wireless/
special/, Oct. 2016.

WHBER, “7 4 Y L ZAEBNEEES 2 — )b, ” https://www.murata.com/
ja-jp/about/newsroom/techmag/metamorphosisl6/productsmarket/
wireless, 2011.



SCER 92

[11] —HAEE NG > A 7 L BIFEH FHHEERRS, <5 RBEHE S A 7 4, "http:

//www.jspacesystems.or. jp/project_ssps/.

[12] J. G. Bolger, F. A. Kirsten, and L. S. Ng, “Inductive power coupling for an elec-
tric highway system,” IEEE Vehicular Technology Conference, vol. 28, pp.137-144,
March 1978.

31 R &5y 4 7 7, http://www.daifuku.com/jp/solution/
wirelesspower/.

[14] “Roadway powered electric vehicle project track construction and testing program
phase 3D, Systems Control Technology, Inc., Palo Alto, CA, USA, California
PATH research paper UCB-ITS-PRR-94-07, 10551425, March 1994.

[15] J. Huh, S. W. Lee, W. Y. Lee, G. H. Cho, and C. T. Rim, “Narrow-width inductive
power transfer system for online electrical vehicles,” IEEE Trans. Power Electron.,
vol.26, no.12, pp.3666-3679, Dec. 2011.

[16] Y. D. Ko, and Y. J. Jang, “The optimal system design of the online electric vehi-
cle utilizing wireless power transmission technology,” IEEE Trans. Intell. Transp.,
vol.14, no.3, pp.1255-1265, Sept. 2013.

[17] J. Kim, J. Kim, S. Kong, H. Kim, I. Suh, N. P. Suh, D. Cho, J. Kim, and S. Ahn,
“Coil design and shielding methods for a magnetic resonant wireless power transfer
system,” Proc. IEEE, vol.101, no. 6, pp.1332-1342, March 2013.

[18] J. Shin, S. Shin, Y. Kim, S. Ahn, S. Lee, G. Jung, S.J. Jeon and D.H. Cho, “Design
and implementation of shaped magnetic-resonance-based wireless power transfer

system for roadway-powered moving electric vehicles,” IEEE Trans. Ind. Electron.,
vol.61, no.3, pp.1179-1192, March 2014.

[19] S.Y. Choi, B. W. Guand S. Y. Jeong, “Trends of wireless power transfer systems for
roadway powered electric vehicles,” Proc. IEEE 79th Vehicular Technology Contf.,
May 2014.

[20] J. M. Miller, P. T. Jones, J. M. Li and O. C. Onar, “ORNL experience and challenges
facing dynamic wireless power charging of EV’s,” IEEE Circuits Syst. Mag., vol.15,
no. 2, pp.40-53, 2015.



SCER 93

[21] Oak Ridge National Laboratory, “ORNL surges forward with 20-
kilowatt wireless charging for vehicles,” https://www.ornl.gov/news/

ornl-surges-forward-20-kilowatt-wireless-charging-vehicles,
March 2016.

[22] GOV. UK, “Off road trials for  electric  highways  tech-
nology,” https://www.gov.uk/government/news/
off-road-trials-for-electric-highways-technology, Aug. 2015.

[23] Qualcomm, “Qualcomm HALO, ” http://www.qualcommhalo.com, Nov. 2013.

[24] WECR2E, “tHFW) BS54 VA —VE—F ~NDFEFTHT AL YL AFHEEIC
B ~ # L WETHIRED 2B ~, "http: //www.k.u-tokyo.ac. jp/info/
entry/22_entry553/, April 2017.

[25] M. Hanazawa and T. Ohira, “Power transfer for a running automobile,” IEEE MTT-S
International MicrowaveWorkshop Series on Innovative Wireless Power Transmis-
sion, IMWS-IWPT2011, pp.77-80, Kyoto, May 2011.

[26] PR REFREFWIZLAT, “Yano E plus,” $5L, p.89, no. 111, June 2017.

[27] SRR, KA, 2L, WM, Ko, “E Ll z ¥ A YHEETETT
% EAHBEHD 1/32 27 — Ve 7 OValMEFEER, ” 8545 D, vol.134, no.7, pp.675-
682, July 2014.

[28] Y. Suzuki, M. Mizutani, T. Sugiura, N. Sakai and T. Ohira, "Prototype experiments
on a 1/32-scale model via-wheel power transfer electric vehicle”, Electrical En-
gineering in Japan, Wiley Periodicals, vol.195, no.1, pp.63-71, April 2016. DOI:
10.1002/eej.22813 (Translated from Denki Gakkai Ronbunshi, vol.134-D, no.7, July
2014, pp.675-682)

[29] SuAREBH, I GRIA, RHFwE, RV, SRR, e AL, “E%Eﬁﬁé\%@
ftza? boNy 79— L AEEA — FETER—ERKEESOMIEIC X 5
AfTHdERiaE O I —,  EEER WPT2014-100, vol.114, no.524, pp.37-40,
March 2015.

[30] $nA R, IS PR, S8, RV, WK, R A58, "Ny 7 ) — L X
7 — MG AT O 7 0 05 FATHEERBER, ” E5%5 C, vol.J99-C,
no.4, pp.133-141, April 2016.



SCER 94

[31] T. Ohira, “What in the world is Q? ,” IEEE Microwave Magazine, vol.17, pp.42-49,
June 2016.

[32] T. Ohira, “The kQ product as viewed by an analog circuit engineer,” IEEE Circuit
and Systems Magazine, vol.17, no.1, pp.27-32, Feb. 2017.

[33] WRHEERA, BRA R, ST, RV, "R ARARE IR in > TR BN S 2 ffif
S % 72 & Diatiin e SR AR5 5 20 T E Al S &G C, vol.J99-C,
no.4, pp.142-149, April 2016.

[34] K2, “EAER R H B, 3B EAR, vol.67, n0.10, pp.47-50, Oct. 2013.

[35] C. Liu, A. P. Hu and N. K. C. Nair, “Coupling study of a rotary capacitive power
transfer system,” Proceedings of the IEEE International Conference on Industrial
Technology, 2009.

[36] JEIIfd—, “FEEefhdE e Emiic B 9 2 Mt -2 o 1 EAIHRIC X 2 G-,
7 HARRER A2 R AT, D-1, pp.597-598, fili&, Aug. 2009.

[37] JEAHERIL, BTS2, WHIRLZ, JiE—, <Sfilalgg o & 7 JEReihdE {5k o
RGBS A BT 2 - RO BERAR S EZMH L7274 YL A&
JIB%-, ” B D, vol.130, no.1, pp.84-92, Jan. 2010.

[38] FEATEIA, JaiE—, “SEAlinIE D & R AR SIcE8 P2 74 YL AE B
TRERRE & AR O RFUEICBI 2 WH9E, » EaE5 D, vol.130, no.10, pp.1169-1174,
Oct. 2010.

[39] G. A. Covic and J. T. Boys, “Inductive power transfer,” Proc. IEEE, vol.101, no.
6, pp.1276-1289, 2013,

[40] FiEAE, =B KE, EIRESR, INRVLES, 1% AR5, AAATIBH, KA —, < KRR
fTIREKA~O HERERA < A 7 0 Mt X E S 2 7 2 DOt%E, » 3
2EF7H, vol. 114, no.524, WPT2014-94, pp.5-10, March 2015.

[41] Qualcomm, “WiPower,” Wireless Power Technology | Wireless Energy Trans-
fer | WiPower, http://www.qualcomm.com/solutions/wireless-charging/

wipower, Dec. 2013.



SCER 95

[42] FEEE, Mk, LM, sEda ., FiEERE, <K H B O IRl >
A7 L DEAFE,” THI £33, vol.53, no.2, pp.38-41, 2013.

[43] BRIEZEWH, BIRER, = AaKE, KA Z, KERE, “HEHIZ P VL —2A4
Nt v ~D~A 7 uilBhnRIcBT 2098, ~ F%EH, vol.114, no.524,
WPT2014-96, pp.17-20, March 2015.

[44] JEERA Y, AN Eth, SE—F, “BELR %2 A 7 28z B 1T % 24 RS I
a2 Vo 72 SRR ER 1 ER D FERERET, 57808 WPT2015-75, vol.115, no.446,
pp.17-20, Feb. 2016.

[45] R. Bosshard, J. W. Kolar, J. Muehlethaler, I. Stevanovic, B. Wunsch and F. Canales,
“Modeling and n-a-pareto optimization of inductive power transfer coils for electric
vehicles, ” Emerg. Sel. Top. Power Electron. IEEE J., vol.3, no. 1, pp.50-63, 2015.

[46] 7ERE=F, —JE0H—BE, A& R, O s —, ARRISEE, 74 RIGEE, /AN —
EB, BEIEIHAE, “~ 4 7 aific k 3 = 2L X — (R E i o WFZERiTE, » 82%3 C
vol.J96-C, no.9, pp.213-220, Oct. 2013.

[47] G. A. Covic, J.T. Boys, M.L.G. Kissin and H.G. Lu, “A three-phase inductive power
transfer system for roadway-powered vehicles,” IEEE Trans. Ind. Electron., vol.54,
no.6, pp.3370-3378, Dec. 2007.

[48] M. L. G. Kissin, H. Hao and G. A. Covic, “A practical multiphase IPT system for
AGV and roadway applications,” 2010 IEEE Energy Conversion Congress and
Exposition, ECCE 2010 - Proceedings, pp.1844-1850, 2010.

[49] % EKE, I PN, GiERA, RIEERE, SEfTHoBMNESHBIHE~D T A
YV RARETEY AT L, BEEER, WPT2010-20, pp.37-42, Jan. 2011.

[50] Y. Suzuki, T. Sugiura, N. Sakai, M.Hanazawa and T. Ohira, “Dielectric coupling
from electrified roadway to steel-belt tires characterized for miniature model car
running demonstration, ” IEEE MTT-S International MicrowaveWorkshop Series
on Innovative Wireless Power Transmission, IMWS-IWPT2012, pp.35-38, Kyoto,
May 2012.

[51] IS, Zealtse, AN, feisee, TR, S RHEsh, SEAREES, R B3, <EH)
7 v 7 2.4GHz 47 10kW 1L 7 7 F ~DAEX TR, » F27858, WPT2012-
47, pp.36-39, March 2012.



SCER 926

[52] O. C. Onar, J. M. Miller, S. L. Campbell, C. Coomer, C.P. White and L.E. Seiber,
“A novel wireless power transfer for in-motion EV/PHEV charging,” IEEE APMC
2013, pp.3073-3080, California, March 2013.

[53] S. Raabe and G. A. Covic, “Practical design considerations for contactless power

transfer quadrature pick-ups, ” IEEE Trans. Ind. Electron., vol.60, no.1, pp.400-409,

Jan. 2013.
[54] /NEGARE, Wik, <85 H BiEEA OB TR IERE MGG R,  ERRiFL R — F 2013,
p 108, 2013.

[55] T. Fujita, T. Yasuda and H. Akagi, “A moving wireless power transfer system ap-
plicable to a stationary system,” in 2015 IEEE Energy Conversion Congress and
Exposition, ECCE 2015, pp. 4943-4950, 2015.

[56] AR, eI, o s, nARSEm, HE&th, <sEfrhIeiaEIcs ) %
JE PHIR AR G S 2 B & L 728 2 4 VIIRICBE 9 2 #es, {a%&:‘ﬁﬁ,
vol.115, n0.82, WPT2015-28, pp.43-48, June 2015.

[57] K. Song, C. Zhu, K. E. Koh, T. Imura and Y. Hori, “ Wireless power transfer for
running EV powering using multi-parallel segmented rails,” IEEE WoW 2015 -

IEEE PELS Workshop on Emerging Technologies: Wireless Power, Proceedings,
2015.

[58] M. Kim, H. Kim, D. Kim, Y. Jeong, H. H. Park and S. Ahn, “A three-phase wireless-
power-transfer system for online electric vehicles with reduction of leakage mag-
IEEE Trans. Microw. Theory Tech., vol.63, no. 11, pp.3806-3813,

»”

netic fields,
Nov. 2015.

[59] rEfGERE, «7 4 ¥ L AGE OB, » Free it Fifg R D = 3L ¥ — LG
~ 7 A4 YL AT ~, n0.279, pp.3-14, Nov. 2015.

[60] HEARMGHE, “7 4 ¥ L AENEE (WP T) iR -8 & 5% 0
o fHA ~ B L, EESmHE, B o Bhm & 3% &I m) 722158 ~,  FrEcs
FptE RO Z 2N F—fHE ~ 74 ¥ L 2#5%E ~, n0.279, pp.15-23, Nov. 2015.

[61] Scania Group, “World’s first electric road opens in Sweden, ” https://www.
scania.com/group/en/worlds-first-electric-road-opens-in-sweden-2/,
Arg. 2016.



SCER 97

[62] FFRFEE, “EfTT/NUEV ADY A ¥ L ZAKES A7 L DORAF & ERADIE
Mg H# T 7 / 1P —, vol4, no.1, 2016.

[63] JEMEIL, NHALZ, Jat—, “FEEfi i {5k IC 1) 2 EiihE & BRGSO
IR, BRSPS, VT-09-007, pp.35-40, Jan. 2009.

[64] T. Ohira, “Via-wheel power transfer to vehicles in motion,” IEEE Wireless Power
Transfer Conference, WPTC2013, pp.242-246, Perugia, May 2013.

[65] Q. Yuan and T. Ishikawa, “Effect of via-wheel power transfer system on human
body,” IEEE Wireless Power Transfer Conference, WPTC2013, pp.238-241, Peru-
gia, May 2013.

[66] I. Awai, “Basic characteristics of “magnetic resonance” wireless power transfer sys-
tem excited by a 0 ohm power source,” IEICE Electronics Express, vol.10, no.21,
pp-1-13, Nov. 2013.

[67] RV, “7 4 ¥ L ARNEEDE R kQ Blim,” 1858, MW2017-24, vol.117,
no.104, pp.15-18, May 2017.

[68] K2, “7 A ¥ L A5 3 DR, FHECHR, vol.115, n0.391, MW2015-171, pp.55-
58, Jun. 2016.

[69] N.Shinohara, ‘“Power without wires,” IEEE Microwave Magazine, vol.12, no.7,
pp.64-73, Dec. 2011.

[70] Q. Chen, K. Ozawa, Q. Yuan and K. Sawaya, “Antenna characterization for wireless
power-transmission system using near-field coupling,” IEEE Antennas and Propa-
gation Magazine, vol.54, no.4, pp.108-116, Aug. 2012.

[71] Q. Yuan, Q. Chen, L. Li and K. Sawaya, “Numerical analysis on transmission ef-
ficiency of evanescent resonant coupling wireless power transfer system,” IEEE

Transaction on Antennas and Propagation, vol.58, no.5, pp.1751-1758, May 2010.

[72] EARWEZ, BRMER, ILEF F#—, BARKH], “kHz Hg AR E SR IC B 1) 5 0]
BEATEDFE BT 26T, 7 B4 B, vol.115, no.372, MW2015-152, pp.109-
112, Dec. 2015.



SRR

98

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

TR, v PR, SR, A1) AR, RS 5500, JULIBRSE, BN/ 0 WPT i<
XF 2 KEZE DN & ME, ” {5758, vol.115, n0.498, WPT2015-90, pp.77-
80, March 2016.

R, TR ESR, < S 2 USRI R BITIC B 1) 2 2 SR U EHEE D
7o D3OV A EEHETE L DS, ” {54 C, vol. J98-C, No.12, pp.366-376, Dec.
2015,

BYOASH, 7V v b, Bk R, B ERK-5 4 PRI E T 2 8 E {5k
HEATE, 228 H5#, vol.115, no.314, MW2015-131, pp.63-66, Nov. 2015.

M. L. G. Kissin, G. A. Covic and J. T. Boys, “Steady-state flat-pickup loading effects
in polyphase inductive power transfer system,” IEEE Trans. on industrial electronics,
vol.58, no.6, June 2011.

O. C. Onar, S. L. Campbell, L. E. Seiber, Cliff. P. White, J. M. Miller and M.
Chinthavali, “A high-power wireless charging system development and integration
for a Toyota RAV4 electric vehicle,” IEEE Transportation Electrification Confer-
ence and Expo (ITEC), pp.1-8, June 2016, Dearborn, MI, USA.

Y. Lim, H. Tang, S. Lim and J. Park, “An adaptive impedance-matching network
based on a novel capacitor matrix for wireless power transfer,” IEEE Trans. Power
Electron., vol. 29, no. 8, Aug. 2014.

T. C. Beh, M. Kato, T. Imura, S. Oh and Y. Hori, “Automated impedance matching
system for robust wireless power transfer via magnetic resonance coupling,” IEEE
Trans. Ind. Electron., vol. 60, no. 9, Sep. 2013.

F. S. Sandoval, S. M. Torres Delgado, A. Moazenzadeh and U. Wallrabe, “Nulls-free
wireless power transfer with straightforward control of magnetoinductive waves,”
IEEE Trans. on MTT, vol.65, no.4, April 2017.

T. Ohira, “A battery-less electric roadway vehicle runs for the first time in the
world (invited),” IEEE International Conference on Microwaves Intelligent Mobil-
ity, Nagoya, March 2017.

YHIEE, WREASZ, ILAEL H, <2kW EfTTHREEE DT, ” B4,
vol.114, no.72, WPT2014-28, pp.23-28, June 2014.



SCER 99

[83] DHEALEM, BAITE AR, ““PAT AR 7 A4 Y L ABHERIC X 2 ETTHEDHE
BRmEst, 15248, vol.114, no.375, WPT2014-66, pp.15-20, Dec. 2014.

(84] SKILTERS, B, «o — MRUIE R o 7o BRI S 2 7 LIS B 1 2 )
ot 5 & HACHM DA, (5245 (B). vol.J96-B, No.7, pp.712-
719, July 2013.

[85] il —, AT, KAEL, I E, KV, “V 78 A4 LAAMGEIE 2.4GHz A
v E—8 v A HEPEEATEK, 5555 (B), vol.J98-B, No.9, Sep. 2015.

[86] VM, $a R EBH, G FRF, AWM E, K 2, BT R, B A 32, “EVER O
BHEEE 1 max 218 L& 3 EREEDOIRE, ” (S8 WPT-2015-18,
vol115, No.3, pp.93-96, April 2015.

[87] VEJIIFIES, “EXEHBIE (EV) MEDIAT 2EHA >~ 7 7 Ot~ DR, »
T AR 4ATFE, Vol.96, No.4, p.43, April, 2014.

[88] T. Ohira, “What in the world is Q,” IEEE Microwave Magazine, vol.17, no.6, pp.42-
49, June 2016.

[89] J. W. Brown and R. V. Churchill, COMPLEX VARIABLES and APPLICATIONS,
SEVENTH EDITION, McGrawHill, New York, pp. 307-311, 2004.

[90] J. Essel, D. Brenk, J. Heidrich, R. Weigel, and D. Kissinger, “Large-signal measure-
ments and nonlinear characterization of an analog frontend for passive UHF CMOS
RFID transponders,” IEEE Trans. Microwave Theory Tech., vol.61, no.2, Feb. 2013.

[91] P. Roblin, et al., “New trends for the nonlinear measurement and modeling of high-
power RF transistors and amplifiers with memory effects,” IEEE Trans. Microwave
Theory Tech., vol.60, no.6, June 2012.

[92] J. Benedikt, R. Gaddi, P. J. Tasker, and M. Goss, “High-power time-domain mea-
surement system with active harmonic load-pull for high-efficiency base-station am-
plifier design,” IEEE Trans. Microwave Theory Tech., vol.48, no.12, Dec. 2000.

[93] C. A. Hoer, “A high-power dual six-port automatic network analyzer used in deter-
mining biological effects of RF and microwave radiation,” IEEE Trans. Microwave
Theory Tech., vol. MTT-29, no.12, Dec. 1981.



SCER 100

[94] T. Yakabe, and F. Xiao, “A vector network analyzer based on seven-port wave-
correlator,” IEICE Trans. ELECTRON., vol.E88-C, no.7, pp.1483-1489, July 2005.

[95] G. F. Engen, and C. A. Hoer, “Application of an arbitrary six-port junction to power
measurement problems,” IEEE Trans. Instrum. Meas., vol.IM-21, no.4, pp.470-474,
Nov. 1972.

[96] D. Barataud, et al., “Measurements of time-domain voltage/current waveforms at
RF and microwave frequencies based on the use of a vector network analyzer for the
characterization of nonlinear devices-application to high-efficiency power amplifiers
and frequency-multipliers optimization,” IEEE Trans. Instrum. Meas., vol.47, no.5,
Oct. 1998.

[97] K. Thalayasingam, and H. Heuermann, “Novel vector non-linear measurement sys-
tem for intermodulation measurements,” Proceedings of the 39th European Mi-

crowave Conference, Rome, Oct. 2009.

(98] e, “HEEOM, FERE X EEHEFEEARESLG, pp.92-95, (fh) EX
4y WET, 2001,

[99] SR ENH, SHME, KB, "HEIHESY A Y E T A7 7))L AT 712X 35 V-WPT
F DI KA RS SBT3 7858 WPT2014-6, vol.114, no.9, pp.27-30,
April 2014.

[100] EHA—ER, <EE M - BRPOEREL2ET 22> 7V — &YW oS 1B
T 2 BEBEIWISE, 7 SHOR A LA ALER S, pp.97-99, Sep. 2013.



101

FEJAK

X (EFHD)

[1] Sonshu Sakihara, Satoshi Kitabayashi, Naoki Sakai, and Takashi Ohira, “ Far-end
reactor matching to a traveling load along an RF power transmission line,” IEICE
Trans. Fundamentals, vol. E101-A, no.2, Feb. 2018.

[2] Sonshu Sakihara, Masaru Tanaka, Naoki Sakai, and Takashi Ohira, “Power depen-
dent impedance measurement exploiting an oscilloscope and Md&bius transforma-
tion, ” TEICE Trans. Electron., vol.100, no.10, pp-918-923, Oct. 2017.

[3] WlERIA, SaAR ROBH, SRH ME, K 2, ik 38, AN WG, "E#ie— 271
EfTHEEO 7O DTN Y VEEE 7 v 7)) EFEAEE SR GE A,
Vol.J100-A, No.6, pp.219-227, June 2017.

[4] EERME, snAR B, S &, KRP 2, "R EERE IR > TBREIT 5
B ~FE T 5 72 D B 24, B IE 0[S 206 C,
vol.J99-C, no.4, pp.142-149, April 2016.

[5] SnAREME, IREGRA, RIFME, KV, w@iER, BRLE, <Ny 7Y —
L A EE) A — MG EE T O 7 © 0L FAEFEARE N EE, B EEE
BH2E OGS C, vol.J99-C, no.4, pp.133-141, April 2016.

ERSE (EHHD)

[6] Naoki Sakai, Daiki Itokazu, Yoshiki Suzuki, Sonshu Sakihara, Takashi Ohira, “One-
Kilowatt Capacitive Power Transfer via Wheels of a Compact Electric Vehicle,”
IEEE Wireless Power Transfer Conference, WPTC2016, Aveiro Portugal, May
2016.




EEIVAB 102

[7] Sonshu Sakihara, Masaru Tanaka, Kyohei Yamada, Naoki Sakai, and Takashi Ohira,

“Nonlinear Load Impedance Measurement System Exploiting Time-Domain Wave-

form and M&bius Transformation,” Interdisciplinary Research and Global Outlook
Conference 2015, P90, Aichi, Japan, Oct. 2015.

FERER

[8] IR ERME, L, “EREATRAZH VA4 YL ABEEKOHAE Z0
2 EFEWRITER T 2 AN T oI, » HARBSE AL 2EIRE, n0.40273,
Sept. 2017.

[9] WEIFRME, BEPTR, SwARRME SOFME, KFE, “BRETGHT Az
TAY VL AGEEY 70 7 O 202 EERISERT 3 EEERETD
M, > EAGERE A A EE KL, C-2, pp.122-123, Sept. 2016.

[10] UEFRSA, f%ﬁﬁ?f?é iﬁ#r‘ﬁféf EREE R, R, cary7)—rdMzH
WEL7 a7 BRSO A Y L AMEICE 23y 7Y — L AEH)
A — L AEfTHER, 2016%?*/7(, no.B-21-23, p481, Sept. 2016.

[11] HE B, SRR, SRRME, REMRE, BohmMeE, RF %, <EERES
H BN OB RGN, 7 22485 WPT2015-67, vol.115, no.428, pp.19-22,
Jan. 2016.

[12] IEESRIA, SHARRME, SHFME, KF %, “BEI§ 2860~ 7 A4 YL 2AXET 5
7o & DRSO AR BEA 773, 7 BAEGHR, MW2015-120, vol.115, no.314,
pp-59-62, Nov. 2015.

[13] ABORE, EIERE, =kl B, SoREBE, RERMA, BOFME, K 2,
“¥ 17y MELEVER IZIAT 72 V-WPT SEEEIE O G & EIRRFER, B4
£ WPT2015-31, vol.115, no.82, pp.59-62, Jun. 2015.

[14] EEHIE, SORKBE RRERA, BOFME, KoF =2, @R, BEASE, “EVER
OD%ﬁ{KLﬂJ n max %[\ L3 H 2EEEEORE,  BHEEER WPT-2015-18,
vol.115, no.3, pp.93-96, April 2015.

[15] SoAREEE, RHEERAE, BT, KoF 2, &R, BMASE, “GTFATHE
GREN7v 7 Lo Ny 7Y — L AEE A — N ETHEE—E AR O
IZ & B EfTPEREE DO FEB—, " E94EER WPT2014-100, vol.114, no.524,
pp.37-40, March 2015.



EEIVAB 103

FFET

[16] =R, BENE, KF 2, Wi, SSRRME, WA, “HEERoi
s OV IERE ARG TR AT, FEIFE 2016-048688, 2016.

(171 KV, WEGRF, S, “BE%EEE X OBBRGES 2 7 4. Fil§2015-
154869, 2015,

xRE (BARE)
(18] WRpJELHRA, A EWTFERERNE ) A E N EH0EE A2 ST, June 2012,

[19] Sonshu Sakihara, “RTO Report Awards,” Rohde & Schwarz Design Competition,
Dec. 2012.

[20] IRFBEFRIE, “MWE2011 1 BEIERSIESHE, MWE2011 F7R B2 MO E1E
HoaErE~A 7 it E R84S MWE2011 ¢4 a2 > 7 A b, Dec. 2011,

MESEH

[21] =TT R, ISR, <Ny 7V —L 2ABBSBEBHEAAT 2ETHh7 A4 YL 2
TEBA, »HET 2 /0¥ —, vol4, no.3, pp.75-79, Feb. 2017.

[22] SRR, R, “BRESA RIS X 2 BT R RERM OB, ~HEk e
#4, vol.97, no.1137, pp.32-33, Dec. 2016.

[23] TR, REERRE, KV, “EBREGTN2 A L 72 EThfaE i o
F&, ” EakE, vol.62, no.7, pp.94-98, July 2016,





