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Performance Analysis for Regenerative Energy Storage System
in Kyoung-bu High Speed Railway
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Abstract - Recently, various researches are conducted in the application of regenerative energy produced during the operation
of an electric locomotive. Regenerative energy is produced by a generator in the brake procedure. The generator is operated
by Kkinetic energy of an electric railroad using an electric motor. The process of producing regenerative energy varies with
the current type of a railroad and its running condition. The quality of electric power can be improved and electric energy
can be utilized effectively, especially in the use of an energy storage system (ESS). Thus, it is necessary to apply ESS into
AC section and high speed railway. This study analyses the composition of the regenerative ESS equipment installed in
Yong-Jeong sectioning post, operational principle, charge and discharge algorithm and energy efficiency. The analysis shows
that CO2 emissions can be reduced about 0.5ton per a day. In addition, ESS helps saving the energy and the compensation
of the voltage drop caused by the operation of high speed train when it is installed at the end of the feeder section. The
number of high speed train will be increased continuously related to the electrification rate. Therefore, applying the ESS to
high speed railway is expected to solve the instability of the feeder voltage and the equipment capacity problem caused by

the high speed trains.

Key Words :

LA 2

A7EEE ARWOERY AY7URE Ao AYsio] &
dole AlA"EoRE U9 E9 20049 KTX(Korea Train
eXpress) 28 OlF F%0] S7iEil A1), Sol Fi%
100 km/h 02} £Ltholo] T Rio] F7] AHFOE H%59]
Hghe]o] A7IoHAl AFE™ES FAAESEO] 1.5% Ol4olH, of
9 571 T3l Ao AU A AREES] SVt mhet AVIEE
28 AH9 S5 ofix| Atgol thst thket A7 [EE 1
ATHZ]. o] & AVEE AFHe] 28 oA 83t AVIAE
o] Als & Wlok=s SMOUXIE K&st] {18k trarst L7}
HE ACL[3] 56l AVIET xFE9 28 7HH0] Fota of
UK ASE E7F olQlol 25 ®El9] AYdat, ¢E Al 1l
Zat sk 571 € 5 A3, 4].

SMOUA] AR AR 28 1E0] A2 TAEE DC

t  Corresponding Author : Department of Railroad Electricity,
Woosong University, Korea
E-mail : yhlho@wsu.ac.kr
* Department of Railroad Electricity, Woosong University, Korea
#% Section Chief of Department of Electrical Technology in
KORAIL(Korea Railroad Corporation)

Received : July 27, 2015; Accepted : August 11, 2015

ESS, Energy storage system, High speed railway

FoIME A70URE S8 07 AIgsH] Qs Fa MSAl
HAGH= SMURE &8 + Je AFE oUA AZAIA
go] o] XY A7 HuEa Qb B8 A7IEE9] 3
oURIE AES 2% AVUXE S8F0Z Algshl AEE
A [ A 4 o] AC I IKALE FoME A
0] "Qsitt6]. 2 = oAE BRISE: 87840 4
€ 3 MolUIR] MEARIC] 2ol e 82 BASILL &
3l AC T oAl ABAIARES Aul 1Y, AP, S9d
gdag|Ee BANSt AAl & GAIEdE SRR B4Rt
H =RolA mMoet 48 53T SAoUR AZAIAES 4
51 A4 BAe gs I 1 @ UuEEE 7o) oA
AFER ] AR 2 2ol thet g8 A3 &€8€ Zoz
7| ChEICY.

as
==
VS

>~

2. dRuSEE 3 oux] AFAILE T

TEAT XS VVVF(Variable Voltage Variable Frequency)
Ag AFESIER 715 Al AEg 4HISHIT 45s Qg Als
AYg Mot gae dlsd, 5, £k, ds7] 88 s
Hizlsto] WS 5]. AlESQl Gtk EAsH SA80X]
CHA] ARPAO R "Yyal F-Hol 7155l Qs 9abt Qe
Loft G AHAIECRE A ECHT]. S &S0 Al
= 58 Fholl X dokA AU, sidshs galtt &

HooY rr 2 > 0%

Copyright © The Korean Institute of Electrical Engineers 1391
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



[l
N

|3tsl=2X 64 95 2015 9¥

P A FAN AYge S0 ASoiA EH ke FIIA|
2lo] SIX5] Aotel AU FE&& Ert o) dile SMAlE
oAl 7ARIECR AetEo] Hyola o] Q&) Aso] Eoh
Ol RARES HIE Z7i9t SR, B9IRAl FA s8AY, 371
FEL Aot 52 s "tk X SRl Xedioz
= dA AFEHEA], SVEIHEEA], KAEA0] QIoh WA
AgzHIA2 SMAURIE Ag71E S €2 L& oA o
22 gag s BAES MATAE olUA] 82 Yt
[7]. SMOAHEEAS SHMAURE HEHE So nFHES
2 Jgsto] droo] AE, A|HolH, oA ole § YAl
UEAILS] FZI0IHAIZ AFSSITE O] WAl SAFe]o] Hg
AT AHAIEO] LRIGHA] Z= AR 1IXu 5 FEEES
TAEE ol Qlrt AEAEAL SMEE S KA HEBAIAE T
= A AZAIAEH FIURE AEs FACHE 7S R
I e AR T JARMoR sk HRog 71 80
=2 dAolrt[8].

O9 13 J8 20 S87EAL X" oUR] AFAIAE
THES JZEE LEINRILE 87840 AXE uR7E o
LA RAZAIA"EES 55000 VO] HARYAES 980 VE AYsiTE=
HeL719F AC/DC AHE], DC/DC Qrdtsl #AWE], ouix] AZ &

ot =
ojr ot

N

==
2

Battiey

OCR AHI®I|

SCOTT
Transformer

Auto
0] (T2 | renstomer

.

[ Substation | [_Parallel Post ]

ESS
Controller

[ Section Post ]

J8 1 87840 AXE oA AFAIA" 8%
Fig. 1 Yongjeong electricity sectioning post energy storage
system schematic

& Bi-directional DC/DC Converter Discharging
for Supercapacitor Resistor

AT ®

ai
4

0
it

Main Trans.

Bi-directional DC/DC Converter
for Battery

8 2 oA FBAIAHS] 2%
Fig, 2 Energy storage system circuit

1392

A2 O|FOJA Utk HF7] 2xF & AC 980 Ve NS =gt
O} AC/DC AHEE E310] DC 1,500 VE THEdl, 0] DC/DC
oHIEF AHE AA0T AFESIC) DC/DC EHE AHEE £/
LREoA= Buck THHZ S7k6t0] oA AZmiAO] AU
2 AAEsH, WA HEOAE Boost AHEIR 60 AF)
Aol AFE oURE 7oz gt 8 HEE 6l
& FMAIEE 3EEy HiHzg] 2d8ER FE5Hrt

% 30l AC/DC AHE JZEE LUERIQICE AC/DC ZHHE
£ AC 980 VE DC 1,500 VE WHESITH ZAHEE Sy 2dEs
4719] IGBT(Insulated Gate Bipolar Transistor)Z &M 2}
Zto] IGBTOl= Y¥™ Clo|ert (EHn). v HYY] 27
= M9 =, AWE oY ™Yol Lo RE YUY = SYE
R YE FE E7F AYgE UL ¢ &= DCE HE
FPAJEIOIH O] HFEF DC/DC HHE|Q] MYoZ AMRSIT

i
Lg Rs 81_”5}'31 s3] bs
Vs s ij CiT= Ve
\
s2—] 'ﬂ} D2 s4—] D4

18 3 AC/DC AHH IZE
Fig. 3 AC/DC converter circuit

DC/DC et AMEE dUe A7 S50] 7Fsotd A
Aoz AguAe Sd3 He sdatth. 71 AmAIES} bl
HolE 34 ol Buck HHEIR SA6tal 71 FNiAIER}
Higlzlol A ourE 7Mloz 358 moll= Boost TAHIE
2 SASIE 9 40l Buck IHHE S4E mjo] A% S§
£ UERARAAL, T8 50l Boost AHEZE 528 mjo] 8% =
€ UERICE

ofuR] AFAILH ARBEE MY HiRlZe w7u HATE
oF ZlE M ez ARgEDh o AuAlEe &0 8
He wEAT g9 o] Aop Aot glMARIo] 71 KTX
9] oURIE Hastrlols RSt st 2l ETIH HiEz
9] 4% 8H Ske o MuAlEl Bl 2lxet g 88
o A7] wigol 71 MuAlEC BESH g8 g8 Heslo]

odk

(@ 0<t<t,,

M) t, <t<T

1% 4 Buck ZAHEZ & mjo AFo 55
Fig. 4 Current flow produced by Buck converter



(@ 0<t<t,

I3 5 Boost AHHZE sS4 w9 A7 55
Fig. 5 Current flow produced by Boost converter

ZAIRY SHE0] Jhssith wetd SF8TEAY olHR] AFA|
g2 & MujAIHS 2 Z2H HEHEE HE ¢Esto] st
olHZIE oA AFAAEORZ Hor). & 7IK9) A oA
g dY 28 oA &89 Y By ® oflgl Peak MY
S ZHAAIZIALY ShiftAl71e E0E Ert

Zeu] FHEHAIE] BES 2.7V/3,000 FQ T+ Alo] REZ 1874
7 A& & AY U 882 486V/166 F2 ST 0] ATk
oMt HES AR Z2Mdsio]l & FuiEete 1,100V, HoiA
F&= 2000 A, HWAIEIAE 6875 FOIH, 22 29.7 MJ7F EICh
T NWAIES] Ettoll= SAAILE A28 FHAlO] 71 A
HAE AFE dURE AHE & JAeE GrFggo] $EY]
o] k. wEAgol Aggre 10 Q01 FAFE 100 AoJTh
RS 71 MuAlEE AgHEZ 2fHo] on o X
Z5HH 71 AMujAlE ol AEE olUX7F ARECH 2E T
HIEElE 3.7V/200 Ah9] THRlAo] 2647 gz HAT| o] Qo
5 SAFYL 9768V, FHEYLS 1,095.6 V, AL 8184
V, ZAFE Al 200 A HEA] 600 AOIH, S8 200 kWh

iRl ABAIAEES HRF 2dat 7Hd Jeko] Afejol mheta]
S wEg diEsith 27 JIsAldl #+E AUAE 288
Qe 7] ZAEEIL Al HiEE9] AEE utolsio]l AMEF
S5k WR SARC Excth AR 22 JPAAY
O] AColal SMAJof ZHAFQtel &0l 7] R SHRS
st G 28 BV JPARYGToRE 1tetsty] ofgth wet
A VR RO JMARRE AESHe] 7 " "R
AEAE 7K GxE ddsi=R MsiERE STt o
A7F o3 Alofs Mg AHZE dojubr] w2 JPARY AR
9] LAt 14 AFREHOIA SEQITE HiZ APt ) Alols
JHARRO Qato] 2, 3ANRHOIA ST o2t dRlO] &
grco mE 7hd Aga AR Mg olgsie] EF U
HEE ZFsirt JY 6ol Xt 2do] mE MRk 879
IAE HERRRACE

EARCE A~"EE AS s o 1 MuAES dx
FHE 7R #ESIth AIA"ES =7] ZI1SA0 7+ FHAIE
o] ®eto] 700V olstolH 7] BRRERZ ottt 27 B3
BT EH AC/DC AWEZF WA S&510] DC Link MgHE
1500 V2 $RIAA 11, DC/DC YeF AMEZE S8} o]

L

ZRISHE 3| o|Xx] MEA2H 5 24

Trans. KIEE. Vol. 64, No. 9, SEP, 2015

x 77____ T = T
o
° .0 el o0
0
/ N
S b= — = 4 - T— . — T — =

(a) reverse movement (b) Regeneration

Y 6 AR o3E SAAl T Ee JR
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100A |
[100A7]
‘ 700V
] L
| 700V |
l:‘¥,c
[Cd]

Measure P1maxC1) P2mIR(CT) P3maxcd) PAmINC2) PS5 [
value v 2y T4y 1y

T8 13 =71 A Al 77 ATAIE "l dR7A, 23
(a: 7 AHWAIE 17 AR, b: 778 HWAE 27 D
7, c: w7 AWAIE 17 A, d: FH A 27
=eh

Fig. 13 Super capacitor voltage and current of initial
charging(First group, Second Group)
(a:super capacitor first group current, b : super
capacitor second group current, ¢ :super capacitor
first group voltage, b :super capacitor second
group voltage)

+H HWAIEE 27 /& AQstals 550 VollA 1000 Vel
oA BABIE ol HAREOA 71 AWAIES AYS
SHelo] 7HoR FMdsher oPEEQ 8 o A A
g 550 VE AIststr] wiEoltt.

O 4= /47 2E =8 Al 71 HHAIES Ayt A
F I3l wiEee AFE uehd gigolth 3 AEAlEE
100 AR SHAE =85t wiefgl= DC/DC ZIHE 178 100
A B 200A2 RS Yot HA XS 50AR SRS
ST dAEOA 73 HijAlHE &8 SHEo 8 H

FAY Higgle O B2 &9 oldxE Agde 5 7] miE
S0l AL ok Bd Alol= HA] HiEEZF O B2 ARME
gEg 5 Ak

oX

M

SNEHE BY LA HIAIAY M5 £

a0 S

Ao

Trans. KIEE. Vol. 64, No. 9, SEP, 2015

e e T |
a W —— a | e l«
o F‘|._100;r\w' ' "m | W__Hr Lwn_cj
” L.‘h' |n Nﬁm m 1000V

S "
e 550V

Measure P1maxc1) P2min(C1) PImMax(C) P4mInC2) P5:period(Z4) P6idelay(Z4)
value ao3v s1av 1011 ke 527V 180142905
status v v v v e v

J9 14 Z/4F BEA 779 AuiAlE At AR, viEE] 85
(a:HiEIZ] A%, b:7d AWAIE A7, ¢ 71 Al
B Eeh

Fig. 14 Super capacitor voltage, current and battery current
of charge and discharge mode
(a : battery current, b :super capacitor current, c:
super capacitor voltage)

4, R 83 B4

g 155 939 e T oluk AR Alc"Eg risg
ol 7HESIAl & wo] HlolHE Hlusto] J8iZE BAIS A
otk J#iZolA B 4 %o] 7HsE mo] AHIFE ®Fad
o] Zdadhs Ag 20 & 5 Atk AR HEAIAEA &
Hole Mg o1F g oF 1,200 kWh = Hrl

350,000 120,000
o m -
000
250, 40000
200,000
60,000
150,000
0 jszpwEsSOPIE 40000 -0~ XAREF=RKVAhHESS 0DIS
100,000
-0 NASErKVaHESS IS
ASEHRW-ESSIIS
5000 - ik 20000
0 0
g 2 E € & & = g 3 E ¢ 8 & =

J8 15 AlAY 7hso] 2 fg, Redy
Fig. 15 Active power and reactive power by system
operation

AEA™AE GRI9] olso] wel 7HARYE0] FAIZ WHEs)
A Erth BESIA] AYS 945 VRS 26,500 V) ALOIX|TH F
th 965 VIXRIE 27,000 V)OIA 850 VRIS 24,000 V)7HK] HES
ch 7 "eto] 195kV olskzE UigiZhH gxt 2dol] X&o]
Hrh ouA] AZAIAES JhaEes AARE AXIste] 7
o] SEAY oot EH AFE HAIE +=F WEsto] 7hd
Mot Mste @At 18 162 AUAl AEAIAE Zhsol o
E MRS Hae gQlely] Qe ™A A4S Hlwsto] 7t
AEete &-sto] UERd Zolth AlA"E 7HsohH Zd et

1395



M7|&s =2 X 643 9% 20154 9¥

%

2 8 B B8 8 8§ 8

15:05
1511 — -—

g 8 BB g8 8B

55 | . . .

Iminjg

15:20 — —-—

15:23 oo e
15:31 [—mrmmrme

T —

15:43 [

L1
22
ee

15:30 |— — —— —

o
N
o
2

15:16 — o
15:18 |

15:01

@ 7Fs Al (b) T7ks Al

I8 16 Al2E Zhso) W2 JHAEe Hs
Fig. 16 Trolley voltage fluctuation by system operation

2% Bl 4 F2 niyks Aol Hisl FA Hof 7paE
ordstol eIt Aes Folg 4 AUtk

olUA] AEAIAEE o]gsto] AHFYE AUsHH COo. A
SME o] ZiEeth Sl ouiete] FERE BAuEA S
= 0424 tCO/MWhoIT}. I8 170] OUR AEAIAEH 71 o
Hol| ©}2 CO, MZS JEimg UERNQTE oluR] AR A
g 7lsshH 7HsSoiAl €€ WHETE Co, @dZio] A g
golgt o= Utk 3% "d O 0.5t0] AUHL

AFE OHA] FBAIAHS FHEAHE Be A)hE BRG]

2 1o

140.00

120.00 m
100.00
80.00
60.00

—O— CO2[tco2]-ESS 0l 7| S
40.00

—@— CO2[tco2]-ESS I S
20.00

0.00

=) 3 & el = st

J8 17 AlAY Jhso] W& Co2 ghate
Fig. 17 Amount of CO2 by system operation

1

35,000

30,000

25,000 37.%4

20,000

15,000

O~ 22z U+2KW]
10,000
-@- S+ QKW-ESSZ S X
5,000

g =2 g o 3 3

I8 18 AlAE Vhsol mE Fo] o[y Wt
Fig. 18 Maximum demand power fluctuation by system

+

operation

1396

>

o %u FHMAEISH HERIol oILIAIS MUK} A1)
7t e

B2 ARl 7Hdeg SectER FHd +edy A g3t
At 2 SA 88TEa0l AXE AA" 8EORE
HZ7F B2 KTXO] ) +ed8E AgAYle site 7
gojth

=28 ey oo wEtA Hol 89 e Halehy] wiEol
oUx] FMEAILHES 7hs0l e |atE AEsIole oledE0l
ELCE 19 180 AlLH 7hs Alet ni7ks Ale]l gE Foid
2 Wl Hluel HRATH

—_

et

ey
o o
[

54 B

HA7IAEoA R Als & @Hcke IMAUR] AEAIAE
2 A7IURE 8802 AEstal AHEE FHE Qs DC
Hr 3 AC X0 g1l ATt DC M7IFEAS] F)Ho
A ABAAHES gRtesio] st REoR FAFEOA 1 §8
dol 9FE0] XEHoZ AR 283k FAoth HhH R
HYg Argshe 1SEEY] 42 99, 4 ouxZE el
AR AAE A= TAEES xol7t o], AHEE o
Hlet AIAEO] A9 AaE|F9 Aejo] FQsith & =R
Ae ZRIEEE 887840 AXE SQoUR AFEAQ]
AH] 4, B89, SEE ganEY oUA ggs BASK
Ch ofUAl REAIAEES &3 HHAES SHXE HESh= of
O|HZ|E EIYOZ MX|sl¥on, guglg5e A4FIoE 7Hte
2 UXE EddskE 280z AASKICL ouUAl AFAIA
o] Axlglte 99 it oF 1,200 kWhel olURI7 BLEE
E ZAA g3k= A7 oF 67 3WMUHI0] HRACE OlR] AFA]
AHE AR 251 dUA] A i ofle S8 W
th MAAZo] AR5l tieE ISR Al dAalshs A
HES oA == AYAstEA S Qrh &6 Co, P
SIE "t OF 05t0] AZHELE ISHEEE oz &9z
A&EQ ) ®Wyo] oAEEZ dugdr siAel FAXY &
oryg B9 BEAE aEsitiE ouR] AMFAIAHE AR St
= HYst 207 e

References

[1] Cheon Heon An, Han Min Lee, Gil Dong Kim, Hi Sung
Lee, “A Study on Effect of Applying Energy Stroage
System on SeoulMetro Line 27, Annual Spring Con-
ference of Korean Institute of Electrical Engineers,
Vol.2009 No.4, pp.966-971, 2009.

[2] Hosung Jeong, “Technology trend of optimize energy
utilization in the electric railway’, Conference of
Korean Institute of Electrical Engineers, Vol.2011 No.5,
2011.

[3] Donghun Jeong, “A study on introduction of Energy
Storage System for the effective use of Electric



Railway Vehicle Regenerative Energy’, Department of
Electrical Engineering Graduate School of Engineering
University of Incheon, 2011.

[4] Hong-ki, Whang, “The study on the application
method of Regenerative Energy for the electric railway
vehicle”, Graduate School of Engineering Hanyang
University, 2012.

[5] Jung. Hyun-ki, Guen. Nam-Hng, Kim. Byung-Hyun,
Ha. Tae-Yo, Lee. Jung-Ku, “A Study on measurement
and analysis of regenerated energy according to
operating electric train in urban railway”, Annual Fall
Conference of the korean society for railway, 2012.

[6] Min Ju, Jang, “A Study on the Efficiency of Energy
Storage System for AC 25[kV] Railway System”,
Graduate school of Railroad Transportation Woosong
University, 2012.

[7] Jun-Sang Lee,
Gi-Chun Kim, “Electric railway vehicles using regenera-

Jong-Hun Park, Jin-Young Kim,
tive power and improvement”, Journal of the korean
society for railway, Vol.2011 No.5, pp.368-376, 2011.

[8] Gildong Kim, Hanmin Lee, Sechan Oh, Changmu Lee,
“A Study on technical application of recycle energy
storage system for electric rail car’, Annual Spring
Conference of Korean Institute of Electrical Engineers,
Vol.. 2006 No. 4, pp. 307-309, 2006.

[9] Hyun KIM, Younshik CHUNG,
Regenerative Energy in the Transport Sector”, The

“Application  of

Korea Transport Institute, pp. 1-80, 2011.

[10] Hanmin Lee, Gildong Kim, Changmu Lee, “Application
of Electric Double Layer Capacitor on Urban Transit
System”, Annual Summer Conference of Korean
Institute of Electrical Engineers, Vol. 2006 No. 6, pp.
965-966, 2006.

[11] Sang-Woong Kim, Shin-Gug Kim, Hong-Kwan Han,
Jea-Gi Kim,
stock”, Journal of the korean society for railway,
Vol.2011 No.5, pp.413-422, 2006.

“Cases of applying battery to rolling

S| ol X MEAI2H H5 24

J
Il
H
ol

Trans. KIEE. Vol. 64, No. 9, SEP, 2015

Al

& gl F (Min-Ju Jang)
19858 A& EHol-_l Ry|Zst S,
20128 <&mistn thalY B LA|AESH}
EH AN, 2015 Ehehn ek .
N2 SHHEANFE), A St gAF &
71X,

A & ZF (Yong-Joo Jeon)
1995 AMemstyletisty A5t
AEAD. 20018 <Althstw thekd A7)
Sht EAAAD. 20128 SATisiy
R7| 58 sy 8. A sk
AL A717)st 9

o
o
OK [ Okl R

L ¢ & (Young Hwan Lho)
1982 ZEdistal MAEsh £9, 1988
A University of New Mexico &7|&8t A
A}, 19933 Texas A&M University &7]&
St diL, oIl Etstu FERIIA LS
Il (FIAEO: SIRMA, FSA,
AlsAE E)

1397




<<
  /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 /LeaveColorUnchanged
  /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


