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The Strategy of Wireless Power Transfer for Light Rail Transit
By Core Technologies Analysis Based on Text Mining
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Abstract

In this paper, we extracted relevant patent data and conducted statistical analysis to understand
the technical development trend related to Wireless Power Transfer (WPT) for Light Rail Transit
(LRT). Recently, with the development of WPT technologies, the Light Rail Transit (LRT) industry is
concentrating on applying WPT to the power supply system of trains because of their advantages
compared wired counterpart, such as low maintenance cost and high stability. This technology is

divided into three areas: wireless feeding and collecting technology, high-frequency power converter

technology and orbital and infrastructure technology. From each specific area, key words in patent

document were extracted by TF-IDF method and analyzed by social network. In the keyword

network, core word of each specific technology were extracted according to their degree centrality.
Then, the multi-word phrases were also built to represent the concept of core technologies. Finally,

based on the analysis results, the development strategies for each specifics technical area of WPT in

LRT filed will be provided.

» Keyword: Wireless power transfer, Light rail transit, Text mining, Core technologies analysis
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[I. Preliminaries

1. Related Researches of WPT for LRT
1.1 The Wireless Power Transfer Technology
FAAHAS(Wireless Power Transfer; WPT) 7|&S =2
Al AP (Radiative) % B HAPT2(Non radiative) 0.2 1
Ak 3, AP AAshE ALgstel 372 Km 9ol
g Agata, ghelteln WEEE A 2y e 37

v

AE Za ApEch E4, vjgARAS gAE A F7E
7K1 8] el A] Z*‘;Loﬂ e, 4AY A2 £ A)F
o A3 AYES ARShe UEE HE2HNikola Tesla)9]

dEE 7wke = gk [1](2]
g FAREASWPT) s

IEH (Inductor)®] 7 F-ioll AvH2]. 3 HA

s 8k, bMZ]E tﬁ_?}ﬂﬂ

= Ao w

Tk Tﬂﬂoﬂﬁ HZ Z07

Stejo] wiEE How T

N

WPT] 712 /a2 A A =t 75 320
A, AEHe7] 2 s E 8Fo R o]FojA glrh.[2]

FAAEAE 7 BRE £ 1, Ayt 2 §dvle
M 2 A 2ol A3 R&DEIAE T3 E%H Ak 1 Ay,
2/O&F FAAEAS 2 A2, 24 2 9A A
HASA 2R, 05T AR A8 175 |ghA 2L o
AN A2 Fof ofy] YRV BREE 2AS 4 5 A

1.2 The WPT System for LRT
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=2 ARAES FAREAS 7)el gtk 588 FAw
A/A A 714(Wireless Feeding and Collecting Technology),
a3 AEWEEx] 7)< (High-frequency power converter

Technology), A% 2 €13} 7]<(Orbital and Infrastructure
Technology) & iate] #AJ813ITt. the XA 253} Th2 A
EXAAE ST dste] FAAEAS 1A Agdsigx]) <l
e} 7)& Fol B 7|&d Hste] F83F 7]&e]7] ujitelr). Ak
A" AbE 2 559 A= uiFE ATEA, vt
TE ATzl R3O, E AFelA = A E A
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1.3 Market Trends of Korea and Wor Idwide

U gy FAEEASS KAISTY 289 Harljes
Algroz FA wdakal itk 20099 7€, KAISTE 3413
A7E 71EE Hede] Tlee] AeAE NxeARE Lo
9 AW Hg weEg Ausieln. olojA 20139 29
KAISTS} 9507 601708 53 05 P/HIEs 484
Aol tdY FAALAS dIRE ANES Fgon o)

= [e)

4ni

N

5 uFIH60kHz, 180kW) FAAHAE AH71&S AA
Hxw Ry 1 Fo 20149 59, FEHE7)EA T
o o83 AFIH60kHz, IMWH) FAAEAS 71%S Al
HxE u&gat AEsh= AES oA Awr|EdTd T
AAGASAI G A Aaaolet. e, FAAEAE 7es
Agstalr] S8 A3 o AAAGAE] V)&
NS 53 A2 EAAE A4AES S§sta ok

3)|<] A k3]

(
~

A3PE Joh. FHAGNA= EVIAC(EIectromc Vehicle
Inductive Automatic Charging)S T-Agte] A7 AHsx} 2 7

F AW BT 5 JE HE FANEL BF AT 9

ot 54L& 2007 EE2FZ(Portugal)el A 750VE 18kWh
%9 1% Ni-MH #jE 22} 0.85kWh &%2] 57 2]
El(Supercapacitor)& BAleH= stolBa|e AAHS B9t
SFAE Ay kb B0 3T 5 g djolne

= ERES UiNice)lH A8HS 435

Ed, 252 20164 89 AL FA AN EBS
F3 T SN Azsgon 1 Fol BT AN
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289 Y= AAES 7T glon LaRE 20254971
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s
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2. Research Methods

2.1 Patent Keyword Analysis
5= 298 7eS e EHQl 177 g 7S AT
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Fig. 1. Patent status for each country
o AR FAE (5] FRe o AghE AlzE B @A AdS FaAg [14]
o BANE HEHN] N Axdolth, B BAE B W @ ASUEAARHAA ENT AATEY 54E s}
3, 29, oY, dyrie o]F, Qo AE = 2 Qg 3] Y8 MIEHY A EE(Density), T4/ (Centrality) 2 HF5%
o ARE ¥yt w3, 5= 54 wdoly 719 § (Centralization) 9 4 A5 AHETEII5] W HEYA
& fgte] Am A F 98 ddslel[6] AA 71Ee] wd oA X 7k Adbdel AAARE Yl 2xr) =2 Y EY
THE N FroR 1A H I Itk [7-9] wEhA EFEHe]  IE AR wRHIF @AgtE o] SR8 (cohesion)o] Fr= o
v ARHQ ESAuE V1% WAFFolt QA FPh B oiwnk FAHS # xS UEYI] FA A S
S B3t vl f-olskAl E-8-5r.[10][11] SAsE A AR T2 AZ4FHA Degree centrality), &4 5414
T 719 e B4 2oF W EH HHow 78 4= 9l (Closeness centrality), "17}544 (Between centrality)o] 9}
ong 719E FZo| A AA, §l dojA] AA T4 Evl~E  th[16]
% gokh e Be UAE vlold B Age] F87 Tl%e]  AAFAME F wmoo] AHHOR ddse] g mue
th[12] webd, 719= 7hke] E5) 848 72 B3/ Ha e VIR EREY AZ4H wro] ) Be 52 dZFTAA
P1EARE 719 Ba otals Roltk o714 BaEAE T Bolith SRFANE # v} OE wES drlud 7}
x5} 54 e Alolz FEo] glom A% Bajo] o7l Al JEAE UEshE 20R # wEdd gE wEE &
o, Bl2E ulo|gd3} 22 AT T2AE B8 4ol daly] 93] s AL (distance)7t A Aot wizlEAl
PPsd T23 dolEZ Mok Ak B AT o) 228 e WEQIAN 54wk ggsis wld 930 4%
o1g3te] #Ao] /b5 HolE) T F9 i) BH-A9=A & S4sH ARE, & mcsh AAYEYDL Wl ThE s
d(Patent-keyword Matrix)Z TAJstgion dde 7 ) xjole] )} AF o AXNTFF w7 FAAHe] =Rl
Row)& AAE 53515 Yehla ZF d(Column)& S3]ollA 5 th17] &3 719E EYAE $4 o d4 T4X0] =
ZH 71958 vepd E3t o] dEe] Yae 4 EHTA W 2 7|¥EE UE 719EY FEoE AFHe YTt o,
of £ 54 71959 MRS e, A2 719E WEQD AN g o] AHgEE FHE A
Foln, ¥ ATE AAFAYE o83l AHBE TAA
2.2 Social Network Analysis HAE 7|9 AR 7edE FAVES =5}t o)

AFE | EY Z 54 (Social Network Analysis; SNA)E Ak,
AFE 5 AAREAE U AAE 7He] Asztgol IS
T, A 7re] BAE YEYAR FAste], VEYAY Tx
ﬁ]akx—] o= E],ol;].:q

24,
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lll. Patent Trend Analysis of WPT for LRT

1. Patent Registration Status of WPT for LRT
1.1 Patent Data Collection
ES A= Wipson DBE %3 1990\15-E] 20181 5€7}4]
3=, v Y, T, dE] £ 2 559 5958 thdor
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Fig. 2. Patent status for each technology category
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Fig. 3. Patent status for main applicants
FEorG o, A 23S AgAT =% 9 R&D RAAME o B FTUksla vk #est 4 9t
B sl #e FAREAS s 3 5871 Ay
w5 Aeiglt. $E8 F 145349) 53ldlole] 5 fassid 1.3 Main Applicants Analysis
WS AA ZF 855719 5815 EfjE A& Aldgsioitt 53] &9 5 49 10719 E490E 248 2 Fig 29
o] A7AERF A/ AAGAQ ARl TOYOTA, 4749
1.2 Patent Registration Trend by Year and Country #% 7|&€& H{e =r9] KAIST, 579 HIT(HARBIN
7P B3 &9 d3S My 4y, ZypEEE F3o]  INSTITUTE of Technology), P==¢] Witricity So] %o &
44%= FHrh EL3olH, w=(19%), (18%), E(10%), 35 Hf3ta qich
0% £oz Z991 9 EE, S F5e] Z9ol 7)dun 7% 2 vt
A= E3 &Y FAE ZE P 2008L4 o]% E57F A gt 55 @5S gfa glow FAadEAE Ve Ak
wAsH T7lekaL 910‘11 E3] v} &4 > ok 97%e] Al FAY Auj2r|sHY Uigt @ AFa T4 4H 7€
5 017} 2008 o] % ¥ = T 7% "é%“ilﬂ wAstA  wo] o]FofX|aL 9t
Jepgz 9tk ]E n|= MIT(Massachusetts Institute of
Technology)A7-0] 2007 0] AAl H 22 A7) axHka o] 1.4 Patent Registration Trend by Specific Area
o3t TAAEASL Ea 2m Az k] 60W MAATE T Fig 3& 2 A 5314 & FAAHAEE A= % Qe
= A18S Aaeiolon 1 o] me Bop= gy 7)g /e, AT AHMSRA] V) ddd 5817 747} 48%9%
RAKQ) BA1E A AU Awg FANEAS J)er gy 28R WS HIEE Akl glovl, w4 7))l el
7% AMUE A7) gEelS oF 2 9r}.[18] Pe] JAYH = 2E & ek FATYAA 71E Eoks
oautate] A9 Ed] 4= Folu} nd Hs] Hx  HE 7l HIs] 53] dgs AL Holrk 20009 o) F- 53517}
20004 ©]3 80% o]Ate] EFE Z93te] Ha Bl Bop  weorl 3o A Aol Skl gl Hokde & 4 vk
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2. Core Technologies Analysis Based on Text Mining
2.1 Keyword Extraction Using TF-IDF
2 A= BAR F 25EAE Z85ld 719=
FE30E 7I9Ee FEAACA  dolel ZENIEQ]
TF(Term Frequence): 83 vlgbu|g| x| et TRRHS: ALES
A2 7S, BE SAA TR ge] F3EE o7t
7V 88 vl He Eﬂl ol lrt. wpgbA] B =iol| A
TEAOE Fo| =¥ AL FAF o dolE AAsE
, 199 FERIETL 52 dolo FARE AltshE 7Y

al
TF-IDF(Term Frequence-Inverse Document Frequence)&
A}

]

0,

gataal gk TF-IDFE © FEREE Yehlis TR
A &4 REQ DFE o= F3ox FAdA Fdsh=
FEAQ Wol2 mEHe AT 4 ok
Table 1. Top20 Keywords based on TF-IDF

Wireless Feeding and High—frequency Orbital and

Collecting Power Converter Infrastructure
Technology Technology Technology

selfresonant selfresonant selfresonant
resonant resonator resonator
resonance resonance adjustment
circuit energy resonance
collector resonant circuit
connected antenna resonant
concentrator battery antenna

energy control energy

battery inverter coupled
collecting winding radio

antenna coupled ecu

control transfer connected
resonator impedance control

online pad capacitor
generation coupling variable
coupling switching coupling

pickup capacitor communications
sensor variable converter
transfer communication battery
positional andor wave

Table 194 & 4= 9l%o], YAE whold A FHAF/H4
714& YR+ Wireless Feeding and Collecting Technology
Fofo M=  selfresonant, resonant, resonance, circuit,
collector, connecteds9] @7} 714 2 7% 719=dS ot
ataL, sk A A 7] YEbE High-frequency
Power Converter Technology ¥oFllAE selfresonant,
resonator, resonance, energy, resonant, antenna 52| 7] 94=7},
npete 2 AE % dxzE 7]&E YERE Orbital and
Infrastructure Technology ¥kl A& selfresonant, resonator,
adjustment, resonance, circuit, resonant 52| 7|97} ZF A3
71EdS Jehle $2 719=9S gotsisit

2.2 Core Technologies Analysis by SNA

WA 2 A 716 UEE B FaS19Im
FEIALL AN FEE A9 09 JUAT BA3te]

=
SMEAAS]  Fad FAAH  ABeM  In-Degreest
o

Out-DegreeZ 3tet Aoz AZdd w89 5 TE3it)

ol ] o) 3 =
Fig 4= 7} AlF7]eH9] 719 = vES] A A1 243} @#E s
T2 k) ] = S
E}"HE]' SNA 2= & F43d5t7] fste] WA 7|19= b 4
od o b2 7( ] Q3
WAE ksl ol EUlZ SNA 1= ZAo] EB_‘GJ
oM HS 1519
dHAES OI’ME]'-
antenna
goncentrator positional
collectifig connected
online coupling
sensor generation
(a) battery resonance
pickup resonator
control energy
transfer collector
selfresonant circuit
resonant
energy
resonant capacitor
transfer coupling
winding impedance
variable coupled
inverter resonance
pad battery
control antenna
andor fesonator
commummllqv‘clm‘aelﬁesomnl
couplin, >
conveiter “*"P M yariable
resonant capacitor
energy ecu
connected coupled
( C) control resonance
battery antenna
wave circuit
radio adjustment
commumc'nanf\sesona“l‘esonator

Fig 4. SNA graph by Correlation analysis for each technologies
(a) Wireless Feeding and Collecting Technology
(b) High—frequency Power Converter Technology
(c) Orbital and Infrastructure Technology

b

HEH o JHYES o] &3 SNA Y25 Fopo] FAd
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Table 2 Degree of each keyword using SNA graph

Wireless Feeding and High—frequency Orbital and
Collecting Power Converter Infrastructure
Technology Technology Technology

online 5 resonance 6 ecu 8

concentrator 4 coupled 5 capacitor 7

collecting 4 selfresonant 5 selfreson—ant | 7

sensor 4 impedance 4 resonance 6

control 4 coupling 4 variable 6

collector 4 capacitor 4 coupling 6

resonance 3 energy 4 converter 6

generation 3 transfer 4 coupled 5

coupling 3 variable 4 resonant 5

connected 3 control 4 circuit 5

selfresonant 3 resonator 4 connected 4

positional 2 resonant 3 battery 4

battery 2 pad 3 adjustment 4

resonant 2 battery 3 control 3

circuit 2 winding 2 wave 3

energy 2 inverter 2 radio 3

pickup 1 andor 2 resonator 3

transfer 1 communic—ation | 1 energy 2

resonator 1 switching 1 antenna 2

antenna 1 antenna 1 communi—cations | 1

7} 7191 =0] e s 719=s A v 719 =9
FE ulah] witel 2ErE S5 s 719 = A 719
ol FAAQ] &g Al Hrk oL AF} Table 291 2
o] Wireless Feeding and Collecting oo F4ldtol:
“online” ©]a, High-frequency Power Converter
Technology kol & “resonance”7} $4thols Hda}m,
nlx9t o 2 Orbital and Infrastructure Technology H-oFolA]
= Electronic Control Unit& YEME “ecu”7F T4 7191=
s Tetsisitt.

2.3 Deriving of Core Technologies by Specific Area
Shtel $4) 719 = 7 Anslee] SHe A4S URS
T UARE 7159 NES Ae u) ghe] gojto 2= on

7h 1% Qo]

collépting cofifrol
0.345 0.118
(a) concdBitrator coll@ctor
0.379 0.693
ser®or 0.392 orline
couling
capgeitor
impe@ance 0334
0.485
(b) 0.306 varf@ble
0.115
winding
01243,
resofiance
selﬁ‘e@)naoﬁst71
selfrébnant
resdflant
varf@ble
resofance 0.131 0-X¢
0.504
(c) 0.616 con@rter
. 0.128
adjusiment
0.704
ecu
coufhng 0:246 0472
cap4@itor

Fig 5. Core word SNA graph for each technologies

(a) Wireless Feeding and Collecting Technology

(b) High—frequency power converter Technology
(c) Orbital and Infrastructure Technology

Table 3. Correlations between Cores and linked words for
each technologies

Anglysus Corre-| Aver—a
items Core ) )
Linked words ation ge
Technolo word
) value value
—gies
_ collector 0.693
F W(;reless d control 0.118
ee |ng.an online collecting 0.345 0.385
Collecting
Technology concentrator 0.379
sensor 0.392
variable 0.115
High—-freque—nc capacitor 0.485
y power reso—n | coupling 0.534 0.376
converter ance impedance 0.306 ’
Technology winding 0.243
selfresonant 0.571
converter 0.128
variable 0.504
) selfresonant 0.456
Orbital and
resonant 0.131
Infrastructure ecu 0.407
resonance 0.616
Technology -
adjustment 0.704
coupling 0.246
capacitor 0.472
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Wireless Feeding and Collecting k2] Ztto] “online”&
“collector”, “control”, “collecting”, “concentrator”, “sensor”
o} A7 9lom AdaAlgEe] Hto] 0.385¢]t ats He
o= Afelste] multi-word phrase® TASHA  “online
collector sensor” & & = AUtk 919 73} 538 vlojE <}
e 25 2 A7 dE BEUE FHEE FAREAS
FA171%0l A-g-3hehd “online collector and sensor for light
rail transit wireless power transfer’s& =& 4 Ut}

High—frequency power converter Technology #-CFollA] 5
AteiQl “resonance”’+= “variable”, “capacitor”, “coupling”,
“impedance”, “winding”, “self-resonant” ¢} *J#HAIE P45}
Qi o3t ©of 7ke] Bt AAIg== 0.376°]™ multi-word
phrase™ “resonance capacitor coupling self-resonant”©|t}.
W2 EsjdelE et #Edt RuME FE HFTHoR
“resonant capacitor, self-resonant coil in wireless power

transmission using resonant inductive coupling”& £&3 =

Ark.

Orbital and Infrastructure Technology #oFe] FAlgtoiel
“ecu’= “converter”, “variable”, “self-resonant”, “resonant”,
“resonance”, “adjustment”, “coupling”, “capacitor” <} &4
7} EAsH A Ho] 040701t} daAIG] Hdo] de
oS A esle] multi-word phraseE 744354 “ecu adjustment
resonance variable capacitor self-resonant "]t} o]& 53
FAAdgA5E Ax 2 =g 7]&dA “Wireless power
transmission based on ECU adjustment controller(variable

LEEREYN|

capacitor, self-resonant coil)"& TAl7|&2 L&+

3. Development Strategy of WPT for LRT
3.1 Online Collector and Sensor for WPT of LRT
AeAPo] A&H o2 H4E AS T A5 4

GAA ] A Al=EL AAE, AR 1 &

Ao RUEY sk AL e Tt e, 3

ol gl Hgo] FAPoRN v avpt 2

o]

Al

Ho
PN o

o ol aft pd )y S 4

A ol B old Al A AWHS] AT
2ol 1 WAl ke A
FrollA] 222l AR o] el
A2 dolEE A= 34

Ly

& 9 e

(e
£
t
£
N

a8 R X ol m

o
ol rr
by
I
N
o
oy H orlo
1o,

=
4n Mo g Mo
% o

[SI|
(]
]
o0 -
==
z
=
fetl
il
[
Rl
it
rlo
)
2 of
2
ol

=,

oo N o
>,
[

4 o

3.2 Resonant Capacitor, Self-Resonant Coil in WPT
Using Resonant Inductive Coupling

FARERE TEL A AIFEEA A7 30
2 TE 4 glon A7l FERAE o] 2nkEr]y) $3,

A7), AEAs Sof ToplA &3t JAAR, S

Mo Jo

Qo] 7] WHs|olof s $54 19 71] A} HolA A
59e] F4o] A3 oW AFasol FHsH Wol
A o] 9IEhl19] A713AgA e A AE Aol b
sael g FA71719 Hsh BAglel BAle) AR
Fhsetnz A% APt o we FoplA A7 T
FARGAS 7142 ATE ek FAlold
AN AN E 2w, 5429, 2709 FARAE AL

ki

ofN ™

o

NIV
4
N
Ho
:?1:,"

of{

™
N
=) =
>
)

rle
ML
2

re

iy

1=
838 AJ3S Fsit), T AYAHE A
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