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Wireless Power Transmission using Electromagnetic Inductive Coupling and LC Resonant
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Abstract — Wireless power transmission introduced by Tesla has instrumented by many scientists of the world. This
technique first was utilized as wireless communications such as radio in long range transmission. And contactless
transmission using inductive property was used on white goods. In 2007, MIT’ lab introduced that new wireless power
transmission by magnetic resonance which has about 50% efficiency and 2M transmission distances, it was a chance to
refocus a new possibility of wireless power transmission. In this paper, using LC coupling compensate the short
distances of contactless transmission, this simple method could transmit about 30cm distances. Using this approach, it
can be solved the short transmission distances, a drawback of Electromagnetic inductive coupling method.
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Hehs 18009 P4 A4 A29S Rets] o)
A FA A% 3AE Aws
A% Azdle] Aoz ofF A

Ao Aol HYL, FAE A FA A A%
) 9

il

S SFFe] AAE SR Fol ¢
AQE vlolaRy MEow WP
shal Aol Al ThA] wlelA = E M-S DCH
A AJUA LR o] &3st= R HATA 2)
T2 Rgol Hu 2], 2007 MITe 3 dtzte] w
28X X[ (Marin -~ Solijacic) =8l A Altsk v ¥WAHnon-
radiated)S ©] &3 A2 WA oA AES Atsia,
60Wel 3915 1354Mhztl ol 4] 2me] A= 7HA 50%°] &
2 UAE HAEE AASATHS, 4] o] A2 oyXA
A WAL AR 2o AR Ag A" Azl s
Fede AASHEA FAAEAS M2 AVIZE =HA
ok A RE A7) AFHE A HalME B 4
A% AAA L oHdE AE 60cm ALY F/FA FA o
Hurt 372 Aade] FR7E AtE ddo] ok g
Slo] B mRoME LC ¥X& ol &3t =4 khzth el
A AES AEsgen, MIT et dA$7es g&Ax
Alz='lo] zkgsial, AEde]l £ o] Utk o 7&9

#  Dept. of Interdisciplinary Program in Robotics, Pusan
National University

#%  Dept. of Interdisciplinary Program in Robotics, Pusan
National University

#x% Electrical Engineering, Pusan National University

*  Corresponding Author : Electrical Engineering, Pusan
National University

E-mail : pusannu@naver.com
Received : October 4, 2012; Accepted : January 30, 2013

2UNMHHST|T|

o=

r

0l
oL

A7 =MD LCSTE 0[8E

1o

AEAYE 207 40cm AER 789 ¥& Apolo] Fa
T 5 A 7S HGE 2 Azd, AEs B4 FA
AA, kg =g e 2AYE FAFAve AeE
T A Aol
e ' T fﬁ e
1KW1 = ; Caz g |
&+ iﬂ" W -
100w A =
iiEE _
A
S0W 7 1
10w |
— I-EIXJ'Iu : L
19
im 5m 10m wpl 2]

a8 1 2 MY B
al
el

JlE e

Fig. 1 Application of wireless power transfer.

2- —_

A7l A AEE FA AS WS vOhES WA
LC &x1& AR vgArg S A dE A om b
Z2(F cm WeHRU= o HeE7hA dE8Ss 55 &
ATE HHFA A F2 AT LCER ™ FA HAs
s 2E S, NHFA B A8 $AL Y
AZEE L o] &3 WA o R dA Powercast, Philips 52 %
2 ZAfollA AEFES

125khz ~ 135khzol A &

Eol Agsr sgov, us
2 @k MR A% Azt

dol @Al A7IWEs], wulel & R4 F47] SolA ALE

HaL SlvHe, 10, 111.

349



HM7|1Es=gX 623 3% 20134 3¥

of

a8 2 TIo ME2R FMME 5 |
sk M E.

Fig. 2 A new contactless charging kit from Tl uses
eCoupled technology to create a wireless power

source

MI|E. H|HE QA2 AR

Lol NEd 4 WE 2M7/}?<] Xd%
o 2L Herkds AA P 7t
/\li%‘oﬂ/ﬂ TS AR dE S
SA == *Hi—or |
< 2015

Light - bulb

-

327 3 MTEOIM HAIS 2E 222 ol&3 blwAly &
ol 2 Aol B MY HE Alad,

Fig. 3 Using self-resonance Wireless Power Transmission
system proposed by MIT

2 o] §% MY Y EBEN
galol 3@ A7l FAL doA AL WAEL A
otk ol FHF Azde wErl ddAE olds)
e el "ase, ohele) £A A(DE WE W 4

> 1 regimeof stronglycoupling (1)
I,
Tylay*
n=——a - 2)
Idad* +(Ip+ Iyl
Iy, g2
I, I,
- 2

of Azde A Ase] mEe Aol et
o] Nzge 50%AEY AEE 6OW AL 2mAA A

& Shed 4TEAW, A e FARE Q sl
A7) FEe A7 AL we BER $4e AA
o] A ofelgol ouk.

350

2.1 AM2E 74

i
°]-8

Q.
2

rlo e

1

= IR215x A4
e ARG 5 4
of AdMAEIs ARz e AN TP SR
ARAN2E AH ARNH FARE dad FrE
St

@ orfr o o N @ N

i,

Matching LC resonance
=122

JOF 4 SAHAWS ALY T

Fig. 4 Schematic of Wireless Power Transmission system

Fra oS
10 Tefid85

s

8 5 74 My SMREE DHn AE 32

Fig. 5 Transmitter of wireless power transmission system

D

IS4 A gae QY ag o83 Ay HEelst
4, ols Edazn 545 1E S Holy o]& dotn
= A¥e APS AT 100kHz, 1Vl 19 g 2] Al
wE dYws g WEe FAIATY F a7k d9H
AE2 4L sgen, 23 otge a¥s 2y 19
58} o] olyEe odEla e o oQayxud Tl
2ol Al webA sk 4 AT ol Fele FEAE
of yethAl &&= Zo] Bt o] A= BE 6710cm A
olZ oA FAE EWMAFU L] EAo] HolAut om
|

Qolmel o o4 duxE



—m=—100.37uH 100kHz 1V

105

inindLctance velue (U
—
| .

100 -
i B R

T T T
10 15 20

distance (cm)

|

420 o [~ = 378uH 100kHz 1V

400 - \

innd daroevalue (UH)
1}
/

380 ~ N

-

-
—-— =
e R -

5 10 15 20

distance (cm)
3% 6 AHelol we olC{eiA Zte| W} |

Fig. 6 Values of inductance change according to distance |

=—1.510mH 100kHz 1V

16800 — -

18000 —

15200 — m—

ininductance value (uH)
rs

T T T
5 10 15 20

distance (cm)

—m— 2.3220mH 100kHz

26000 —
25000 -

24000 - \

23000 -

ininductance value (UH)
| §
v

T T T T
5 10 15 20

distance (cm)

a7 72lo we s A Ztel wstl

Fig. 7 Values of inductance change according to distance Il

1=
£ wstel Addss AGAERY Fog BAE dob
Wi, olu] 2% Zo] A5HE ALY ARE A 9
Agst wstas FH Foeste] BAE dolni 4
ot} QAR AATF FAE 155VE Arphom, 24

Trans. KIEE. Vol. 62, No. 3, MAR, 2013

= Hdh= LED Abgstslon, di 54
Hol AHR 1kQE Do} Fel A
510 ,15, 20cm® WS A 12 & 4¥ 9h9) wsks}
22k & A AiE FAsdt .
ob#fe] 17 8, 9ollA MofFRe] 54 Fr
Aol b A UEhe ol o] Al At

——Efficience
5cm transmission

504 Input Power

Output Power

30 —42 _
=S
g
20 I
a
=41
10+
o T T T
18 20 22

Frequencies (KHz)

Efficiencies (%)

—— Efficience (%)
nput Power (W)

Output Power (W)| _ 55
10cm transmission
10 ya\
20
= 415
9 =
g MZM S
5 P
2 410 8
w
Hos
0
T T T T 0.0
14 16 18 20 22 24
Frequencies (KHz)
—— Efficience (%)
Input Power (W) | 55
20cm transmission Output Power (W) :
0.8
J20
0.6 /\
g J1s
9 =
< / \ B
8 b
§ 04 |1 2
2 110 @
i
0.2 I \ Jos
0.0 ,/\ 4 ,/\ 0.0

14 16 18 20 22 24
Frequency (KHz)

——Efficience (%)
15cm transmission Input Power (W)

Output Power vy 25
3

2.0

Efficience (%)
! !

= @
Power (W)

Frequency (KHz)

33 8 SE™HE|dAM Fut #HEto wE ME g29 H
st =

Fig. 8 Changed graphs according to variable frequencies
in particular distances

351



HM7|1Es=gX 623 3% 20134 3¥

o] war}, o] Fito] LC ¥R Fu Froz AthFow
A7k A 16cm, 20cm TR E FX dgo] EAo| o
Z YeusE AS & F Ytk ol 23 Fo® HAEE F
23 g QY 2 AgRtE TN FIAFE BHA AES
3= Aol ¥ antHolgte AL & 4 glen, o] u A
o] Ffo] ke AL ¢ F Jdu "y 2S99
AEtE T Fag IA A =Eeld £9%] FHFE T
71gkA Aok H}

A9 Axs g AAE 2] geid 9 g9 Fus
ofe] AA(2E 8 ) FE Ao T E($) A A3
Ak 27 87 o] 5 FupgolA Y zHo] vo}
A g E Aol EA veE RAE & 5 9k o
T4 digde] LC &3 Aoy, oju Z& Ao 7173
2o AYE AES & 4 9o, ol F&o] /M wUL

a9 8¢ $= agZoA Bl &9 AYgL 5em, 10cm
o] A% Edsxue} o] Fafrt BEFE HAFIE Bol
9 98 F AF7F 2ol &9 8 & Agde] ®ol Yy
AL & & Ak AR 15em o)Al E 98 = F3
b ol AFE wol ZEAT AFe HA o} 29 =
Aol oA 2= AL & F . ojRew By A

Input Power (W)
?

Frequency (kHz)

—m—5cm

30+ —m—10cm
15cm

—m—20cm

25

N}
S
1

Output Voltage(V)
¢ . @

a3 9 Fu Hatof mE ot F3 ™etel #ah o
H Mo M), 3 Meh #Hakst

Fig. 9 Variable Voltages of input and output according to
changing frequencies. changes of input Voltages
(top), changes of output Voltages (bottom)

352

Aol A g
2 Fopsr el
st A o

® 1 Azlet Fots Hato| e

Table 1 variable input/output power

o] oj

Z] 2=

=13} 2%
A e dAATIL AE
AsA e dYH e e
o] F& 47nF, 151mHE AH&3FATE 919 2oz A
}<=(f,) 1745 khzol™ o] 2Jo] ghi=x]
sttt of &9

[e)
gee

‘l,

1

distances and frequencies

= o

A3 et

i
AL
=

7P o2 ska

3)

e AsAE s

AGlA AHeE

220nF, 378.78uHe| ™,

/&= Mol Mt

according to changing

Distance (cm) Scm 10cm
et input output =g input output ==
Power(W) | power(\W) Power(W)
14 1.085 0.0152 0.13% 0.93 0.00120 0.13%
15 1.085 0.0163 0.28% 0.93 0.00263 0.28%
16 1.24 0.0193 0.23% 1.085 0.00255 0.23%
17 1.86 0.0316 1.26% 1.24 0.01568 1.26%
18 217 0.0391 6.65% 1.395 0.09280 6.65%
18.5 248 0.0459 10.51% 1.395 0.14665 | 10.51%
19 2.325 0.0442 8.59% 1.55 0.13320 8.59%
20 1.86 0.0372 0.55% 1.55 0.00851 0.55%
21 1.705 0.0358 0.01% 1.705 0.00019 0.01%
22 2.015 0.0443 0.00% 2.015 0.00009 0.00%
23 217 0.0499 0.00% 217 0.00006 0.00%
24 2.325 0.0558 0.00% 2.325 0.00006 0.00%
Distance (cm) 15cm 20cm
input output o input output o
g i Power(W) | power(\W) == Power(\W) ——
14 1.085 0.00008 0.01% 0.93 0.00006 0.01%
15 1.085 0.00008 0.01% 0.93 0.00006 0.01%
16 1.085 0.00000 0.00% 1.09 0.00013 0.01%
17 1.24 0.00030 0.02% 1.24 0.00015 0.01%
18 1.24 0.00432 0.35% 1.24 0.00017 0.01%
18.5 1.24 0.03456 2.79% 1.24 0.00875 0.71%
19 1.395 0.02816 2.02% 1.24 0.00100 0.08%
20 1.55 0.00015 0.01% 1.55 0.00018 0.01%
21 1.86 0.00007 0.00% 171 0.00011 0.01%
22 2.015 0.00007 0.00% 2.02 0.00006 0.00%
23 217 0.00007 0.00% 217 0.00006 0.00%
24 2.48 0.00007 0.00% 2.33 0.00006 0.00%
#1909 4A ¥x Fupei 185KHzE AMNE ghel
17.45khz9t+= o8 A#RE BEAt dF Fago webs o
qE AR @9 293 A% AF gol MHE AL L »
gor, A w7t Bo| TolB5EEF 23 s} wel vt
o7 ebe Ao® wol AT} Huele] FRse
Fo WAE obd Hom MW 99 xe EEMowm



EAE FEe T Fog g9 91y &Y #AE R
o, olu 7t Z&o] Fx AFo] AHE ASE & & 3
th ootgle] 17 82 A mE HAEF T&S e Ao
o AE Aget 282 ofF HEHS AAE HA L AT
A% Ag7 5emQ o 4065% = 7HY ko, At ¥
ool wgl FASA Eol=t AL ¥ & AT aFlz
O EE FAe a9 59 Agd e JElyd~wse
gzt FAEE FElE o] F i Uk o] Kol FolE
AREEE B A AEe 3ol Am Jdgy et U3
HAE A3 ok AZbEe, oE A7|7F A3 A7) o)
e Zoj g AMESOH, dAE Age 880 ¢ Fol A F
AtkE AL st aga Ar|Ee Ao dis @
AE MARRE 1Y & AF7F G452 A7 ge] 87t
AE AY7t S71E Ao Bk
efficiency (%)
40
30 4
TE)>‘/20-
10

0 T T T T

distance (cm)

a8 10 ME&7eo 2 ME g8 ad=
Fig. 10 Transmitted Efficiency graph
Transmitted Distances

according to

e

¢

_|§g
> Ho
M > ro

©
<)

M e
L

o,
o MH

E — [z
O
ol
>
N
o
ol
=]
o,
3
Q)
S
=N
=)
f
o
_?L

B
ofx
©

o 1~

o

o%

2ot ox
H

:10 ri_‘, rg_.l =

il

DN

o

o

3

o

o>

f

e

-

30

rl

o%

L

2

>N

=2
>
N

b1
o
1>
™,

[o
o
oo
o
g
fol
o
=)
L
L)

S oy 1Y

>~

o ol
o do N

o 2k
¥
e xo

o ¢

<
o X
2 |
2
ek

17
iu
=
(L
o
o
il
> ofy
ofy ¥O )

o)
oy
W)
ol
s
=
o
R
2
[}
=3

)
T
(e}
o
S o
£ 2
S
Nt
o
gu|
w %
2
i
~
>
oo
ok
o o
o
2
fz
o o o e
o ofy M
N
rlo " )
LM 2
N o

e
¥
o
=

ox 2

o,
o o ¥

N E‘
=}
m
ro

nor
X
et
N
N
N
o

o
N
-

_,d
N

A[m R
i
>
oo
ol
ol

<UNa)
)
ofy X
)

Y
o g 2 — o
2
™
T
oX,
)
offi
o
e
o N
— -
N
2 olN

dlo
>
o
S
oo © o o 1

o

to 4 e S o
o
2
Hu ok oy

o o Y o rr
L

9,

o
oo o
o

ol
£ i
2

B

L)

P

o

tlo

ol

ol

2

N
o 2L

50W~ 100W+
ERE S E ISR

2
2
)
=
ofy

ol
-

1=

© S0 o oo peh i M OSE N ff > oy o T oo [r o
©
onfﬁ

> Mo m gg S oh Jm
ok
2y
r=2

©

Lo [
at

Trans. KIEE. Vol. 62, No. 3, MAR, 2013

T AAAAFARSTAAARETD §ETR
ol ¥ kAl E<=3-7 Navigation/ Localization &=
ATAE ALAYEY AFATRE FAHAS
(NIPA-2012-H1502-12-1002)

References

[1] N. Tesla, Apparatus for transmitting electrical
energy, US patent number 1,119,732, issued in
December 1914.

[2] G. A. Landis, "Applications for Space Power by
Laser Transmission,” SPIE Optics, Electro-optics &
Laser Conference, Los Angeles CA, 24 -28 January
1994; Laser Power Beaming, SPIE Proceedings Vol.
2121, 252 - 255.

[3] Aristeidis Karalis, “
mid-range energy transfer” annals of physics
323(2008) pp 34-48

[4] M. Soljacic, Andre Kurs, Aristeridis Karalis “wireless

Efficient wireless non-radiative

power transfer via strongly coupled magnetic
resonances” Science 317 (2007) pp 83-86

[5] Rohan Bhutkar, Sahil Sapre, “Wireless Energy
Transfer Using  Magnetic  Resonance”, IEEE
Computer society, pp. 512-515, 2009.

[6] A, AHE e, “FAREAS 7lend 2 %
3t T e A az15 3 6.10. 2011.

[7] Hirohito Fnato, Yuki Chihu, Kenichi Harakawa,
“Wireless Power Distribution with  Capacitive
Coupling Excited by Switched Mode Active Negative
Capacitor”, Electrical Machines and System (ICEMS),
pp.117-122, 2010.

[8] Joaquin J. Casanova, Zhen Ning Low, Jenshan Lin,
and Ryan Tseng, “Transmitting Coil Achieving
Uniform Magnetic Field Distribution for Planar
Wireless Power Transfer System”, Radio and
Wireless Symposium , IEEE, pp.530-533, 2009.

[9] Benjamin L. Cannon, James F. Hoburg, and Seth
Copen Goldstein, “Magnetic Resonsnce Coupling As
a Potental Means for Wireless Power Transfer to
Multiple Small Receivers”, IEEE Transations on
Power electrics, vol. 24, No.7, pp.1819-1829, 2009.

[10] Seungyoung Ahn and Jongho Kim, “Magnetic Field
Design for High Efficient and Low EMF Wireless
Power Transfer in On-Line Electric Vehicle”,
Antennas and Propagation (EUCAP), pp.3979-3982,
2011.

[11] AR, #as, A7) FEw2s ol&3 550VAF
HHE A8 A47]7] 718”) Journal of the Korean

Magnetics Society, Volume 22, Number 3, June 2012

353



m\m_/l
zr o
e ) —_—
ol o _ia]ﬁ
W = oo — & o )Mup__”@
o ~ ¢ My X
=5 WX B ot N e W T o
M M Lo Z2Y eIET
R ¥ ,ﬁﬁﬂmm;. B o =
3 rET I A
&= LD L R
N o v B S w w M
il ol | B C3 IS G r
> ._1ﬂn_cu,% |EW_W_@LU% IERNE
3 Bl L o Fow o
& < N = S TEa
= MTE S N oo
o} eI ) o=@
[sp}
_
il K
&
K
oK _—
H
o X
ol
~

Pl

354




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


