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Distortion Issue on Input Current of OCC-PFC Converter and Its Solution
JIANG Tao, MAO Peng, XIE Shaojun

(College of Automation Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, Jiangsu Province, China)

ABSTRACT: The influence on input current harmonics by
single-edge modulation of conventional one-cycle control in
single-phase  PFC converters was analyzed. The relation
between low-frequency odd harmonics of the inductance
current and modulation scheme was revealed. Based on the
analyses, bi-edge modulation with triangular-wave as carrier
was proposed. The inductance current is modulated both at
leading- and trailing-edge in a switching cycle. Consequently,
the low-frequency odd harmonics of inductance current is
reduced, and the quality of the input current is improved. The
validity of the theoretical analysis and feasibility of the bi-edge
modulation one-cycle control scheme are verified by

simulation and experiment results.
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control (OCC); single-edge modulation; bi-edge modulation;

low-frequency odd harmonics

W 40 0T 5 R 30 Fa 1 R A 2h 2R R B0 IF (power factor
correction, PFC)HL I % 48 52101 1 1l 77 O] 4y N\ H i 38 T
(RIS, $8 7N HL U PRI AT VB i 5 I i 7 2 Tl 9%
Fo (EULIERE b, BB H DAL= AR AR Bk MG W 7%,
AF AT OGS I P H R L gt b T 55 T B P e R A A B4 ), A
TR T B0 A 5 SR (N PRI AR U i, $2 0 T F
TR o 7 BRI SIS 45 SUE I T B o AT I IE S e, B0E T
LI ) P ] SO ) T 24 DR R T PR R AT

SR, IRIIHCR I AR AT O
R AT U1

0 3I&

Bt T B KRN, AR AR S
BT 1 B I A T R M R S D fi

EEWB: mE% R b2 R % BUR AT 8 8 I I H
(20070287009).

Project Supported by Special Scientific and Research Funds for
Doctoral Speciality of Institution of Higher Learning(20070287009).

PRI TG e, IR IE DL (active power filter,
APF) R 5 KR 1T (power factor correction, PFC)
BN AT, U PRC A s
AR N R AEAE, DRI AN A0 F e ks AR
FERRNHLE, WL T4, BT &5 Ak,
FEHNDER I A AR B T T R ORI R O
MIRATFCE , 5836 PRC A8 2% % H 1
HB A& B A 7 2, BRI R 5 BRI 1 ¢
& (R B Ul (trailing-edge  modulation)) & 5< W F
KA (L FHAT M (leading-edge modulation)), 7E&EA
FEOR A SO A i — AN R AT ], LdRoE
TP W T B R I 20, FETT SR £ i KT
SR ANE iy S A ] L2 L,
S F YT I EIE LS TR A, R IR T %
A DASEELE N FL I IE BT A R (B,
M FIRESR TG AR, RSO RO, B
JAIAYE I ) PEC AR 4 s A A\ FLU 25 IR A%, 32
BR[ 1717 2248 2 1T e i B ) B AT Boost
PFC &4 85 o ML IR S0 i A\ FEL R IR AR R 52, JF:
ZHH TN BT EME R IE A, RIS A R
TR = A2 P S PRI A T IR AT 1 A, (R EA
WA 4 A BT BRI AR (1) 7
ATCER XS R BEdT R B HA] VIENNA B a5
TELH 5 BT FUEK FE LS AL P IE R e e, HES:
TEAXIEHI S5 R N N H R B, S8 R i
2T P35 HLR B AT UGB L . 7R
JEAi b, B DA AR B S T, AR
AL G LR ) R R e, AT RN T O
1 R o i 7 L O Y LS | IR P i/
TOPRBE R RE R, AR B T Rl R R 1
AN HL RIS, FRAK T AR R I IR A2 25 (total



52 L I - ¢

%31 3%

harmonic distortion, THD). # )&, i/ B AISLLK
45 SR BB 40 BT (1) IE A PR 50dE T S T AT
1 BEHEEH PFC T T/E/RTE

1 BT Jhg SR 5 B oL 42 o1 S B o ) B s
HIFK AT VIENNA 3 PFC 28 g,

iol
A

x " C1l+T T
io

X Uci
Ic1

‘i clock |-|

~y

(c) PWM [/

1 BT H4E VIENNA PRC Tk 88
Fig. 1 One-cycle controlled single-phase
VIEENA PFC converter

B 72 4 s PR LU A T A% 2 3l A X
(continuous-conduction-mode, CCM), — /MK JE
W DIZTFR S SIS DT,o S ‘N, HLK
L Wi R L FRE ugo S JRIBTING, A5 FELIM AL T
R, B L PR ug—Ucr: A HIMAET
PP R, WU L W R ug+ Ucao T, Ucrs
Ucr 7l tim i 2s Crv G B HARFF
43

ug=(1-D)Uc (1)
—ug=(1-D)Ucs (2)

MR AL TRUEBATIRER, A MG |k
fry e i B N, B Uy = Uea =0.5U,, 34, U,
At s ). @A

|ug|=0.5(1-D)U, 3)

ZWETTF R, BIA A G4 KT iy 21 vy
R HL A Ik I B[R] T O G R A i A, WU e
Bl LR LR R, RIS RIS A

D=1—|i,R|/ ttn 4)

A RN TN REG un ki IR ZE
ORI E . X @HRAKEB), 7
|ug|=0.5Uq|igRs |/ thm 5)
N SEPLEAL T AR DA S N HLUR N B r 1Y H T
ISR A, AR 1)~ 510, X a(5)dt
friefa, 19

UK, .
Mg =%lg (6)
AT, U Al uy REFEE, RONEE, W

UR

Zos =R 7
2u,, ¢ ™

CIEE:
Ug=Rely 3

@)K, K LadfahlIr 58, o LUz #eds
s AR AU R S A BT, S8
LT AT Dy A R

2 BREEAES R0EE T MmN RIS

Hil&l 1 ATLAA H, AEIR B E S 2k, JFRAE
S, HUEHRITE ETE, SRR S
B AT, ISR DR, RGP i
TR I Z2AE R R L (RS RN PR N %), 1%
2 1 7 2 — AR AL A () sl R
#, R@MAEIEA

D=1-Rq|iglpeak/ thm 9)
UAER N IE Y, O ) 1 P e J e e ) WA
ié)eak: | ig |peak:ug/Re (10)
T DG A P FLER R R I A (A
Ig valley=Ig peak — M1 DT (11)
A my A S S R AR LT RER
mi=lug| /L (12)

¥BR@G3). 10). A1), 5
il valiey=tg(1/ Re— T/ L) +ug - 2T,/ LU, ~ (13)
18 g = Ugmsin 6, M LI L I G J8 390 P4 1) 142
Hh
idveragel = (1§ peak + 1§ valiey) / 2= ttg(1/ Re— Ty / 2L) —
0820 Ugn T/ 2LU,+ U To/2LU, ~ (14)
TERINSCE A, R B, TR OG A
IR N

Ig valley =~ g |peak =g/ Re (15)
WEEAE Ay
ig peak = ig valley + M DTs=
“g(l/Re_Ts/L)—ué-ZTS/LU0 (16)

) R LA T ST N PRSP A A



%12

TLVESE: U %) PRC AR s (K4 A\ HL I I 28 5 53

idveragel = (1§ peak + 1§ valiey) / 2= ttg(1/ Re— Ty / 2L) +
08260- Ugn T/ 2LU,— UgnTs/2LU,  (17)
i
K=1/R T /2L
K'=U. T, /2LU,
—(1—co0s26), -n<0<0
1) :{(1—00526’), 0<f<n
JIpdee e AN BV eV e S S (E W)
Iaverage1 = Kutg + K'f(0) (19)
H@M, X(19EM, 7Tt ARREUE T
LR, HUB IR E I E I A S 2 IE T A
B, FIASH T —AREUr & f(0). K24HT
f(0)5 sin@ REMZE, WLUEH, f(0)7ZS sindli
FARE WRAEY 2 (AR IESZ R 4. X f(O)HEA T
Rk, A
f(@)= Z b, sinnx =

(18)

n=1,35,
g[§sin6’—ﬁsinSGI—isinSé’+---] (20)
T3 15 105
5 0, n=2m,m=0,1,2,---
A b, T 8 n=2m+l,m=0,1,2,°

n(n-2)n+2)’

fo—" \
/

> / \\

.8

% 0 siné

( -1 \lI ," \\_/
Ay v

) NS \ul/
-2 0 2 4 6
4

El2 f(6)5 sin(0)BIF & h 2k
Fig.2 Curves of f(0) and sin(8)
#(18). 20 AKX (19), 5

1 T
i =(—-—=)U,, sinf+
averagel ( R 7 L) gm

€

U2T. 2
ﬂ-—[§sin9—§sin3¢9—isin5«9+---] 20
20U, 73 15 105

gt arscm o, LokGK@DTBLEHL, 648
LR R E Gt IS uRl e

1) P SRR H T8 T AR PR U L F Y8 v s RS B A
KA, AR, A R A 22k
K M IE5Z P o

2) PRI FL AL AR AT AT HL R

3) I S TF ORI A HL B EL I L
B U S R BUB T LG, RISUBGBOR, RN

FEL VAL 4 W A ™ B XA 2 A R T O LR SL
O B N IE LG TN S 6 S PR BT AE

3 MHiFHHEHITIE

3.1 MLAFITREMNRIRS

MG AT SC AT, A e A 34 T LUATe D e A
80U 1 PR R ) g 2 B A A R R b A AT
ARAET U o by D8 A 48 0 J 9 i) PRC A2
s IR AN R BOE TR AN D R, ARSCER L
AR DA B R S XG5

Bl 3 2 004 H R RRIE AT O s R . TR
At PR S RO R T IR R B A A
AMRAEL IR PR = F e, AEREDNTFRAMIN, JTC R
SRR WIS ZHRAN L [ E 1, U R AR A T
BPATI IR, ETHE AR B AR R TR

Um A
Rsigipeak
Ry valley
DT DT

< <

< <

PR

<7 -

P——— %
T;

3 MHiEHIBF R
Fig. 3 Diagram of PWM under bi-edge modulation

W I TAE T CCM,  JF5C A A (¥ e
WA 3 Fia. hE 3 PRI =MAKER, 1]
DEEES

D1 =0.5(1 = Ry| i valley |/ thm) (22)
Dy=0.5(1 = Ry ig peak |/ thm) (23)

FER A B A Ee o

D=Dy+Dy=1~Rs(|ig valtey | +| ig_peax )/ 2um (24)

#ReHMRAKQ3), i3

igJ)eak + igfvalley = 2ug / R. (25)
D) P JE R O R 9 R~ X0
iaverageZ = (igl)eak + igfvalley) /2= Ug / R. (26)

RO, K@o)RW], LA=HME N8
XU ) 2 ) PRC A e, e R L2401
IEHCFHA I, WHER T AL Ge i i o 4%
Tl PFC A et iy A\ HLIE P R AT DT, A LU
FUEAT R TR

FS bl 3 UG, A=A B
HRIRR, Fe A RE T O S TN Z1, o
TAERHE I B R s A7 PRI E S AYSRITIN %1,
N LA TR o PRI, A=A B



54 L I - ¢

%31 3%

{1 0 1) 5 XA [ A 8 6 B o 42 ) LK vl 3 468

{E A (A EDREAT I, e — PP R i

PR, IR P LART DAt i g i 1 Ji

PIFITE

32 ZAHKKEIH
X7 2 1 SEBLOCHE S = A B (17 7

AT SELE SE MK = A3, AL 1AM

LRSI . A 4 TR

e[ et el

U, PI

(a) =PI
S; A

\4

UciK
Um

Sz

UaK ”
Um

S
ifi
SN .
Ss @ Um
_r}]// e \§

= S s

Uca
(b) 3y

(¢) HRPIBRE

El4 =fAEiKasil

Fig. 4 Realization of the triangular carrier

K4, Siv S NEAMYT RS, XY
B 1) IS 5 D Ak s S A BT AN o 7 A
GRS BALAE T, IR LRAIE T =3 Ve
XKL S35k, 1B 4(a) K R ALAR 70 I 18] il 5
B 1) AN, XN T SEBLAE A TF A 0 A
AEMEAE A wum HRVBR A, BT 4(C) ™ Uy A1 U s

4 (TERKEER

NBAELL AT, LASAH VIENNA AR
B, 2B 4@ s T T 7 SRS
HASHW R : SINEE Um=163V, LM%
fi=400Hz, JFRAFE f,=50kHz, %N JEH &
L=480 uH, fitH g A C=Co=470 uF, HUR
FEHLPH Ry=0.5 Q.

B S 45 T3k S00W I RRAS T FLILAT B
I R ARG o I L, X0 1R 1 B A N HL 3L
HA ML TZE . S5k o4, S niG i A

L, FALIEH R B AR 3. 5 TGEB,
MXCGL P EIN A A B REAANE A 3. 5 AKX
W

K6 sl 500 W AR R A L FL

10
5.
< o
_5.
,10 1 1 1 1 L L
193 194 195 196 197 198 199 200
t/ms
0.5
041
< 03f
= 0.2t
0.1
00 P | ™ o
2 4 6 8 10
flkHz
(a) FILWEHITT
10

i/A
o

INVAVAV.

0 1 1 1 1 1 1
193 194 195 196 197 198 199 200
t/ms

i/A
=}
w

flkHz
(b) AT
5 HBERAERFERIUES

Fig.5 Current simulation waveforms and their spectra

¥

ug(100 V/#%)

io(4 A/I%)

t(1 Ir;s/)rﬁ)
(a) HLI T

ug(100 V/#%)

io(4 A/I%)

t(1 ms/H%)
(b) XL HIT7 X
6 FEIRKIIRF
Fig. 6 Experimental current waveforms



%124 VLA LR I PRC Rt (04 L AR 5 55
SEHRBTE, I 6 WUAE L, PR EG AR S SCER

SEIL T N RO N H R I R R A ER R, XA
R I BN PR AL PR A SR P AR R, T 3 R R N R
MBS E 2 B A MREUIh &R k.
Bl 6 bR NI AR UOR B K 7 4
Hj Bl 7 WL R I o N PR PR 7 U i

R, HH?EIFIEM\I?XXLU?’FEJT%J)\EE
/}luiﬂ/\ﬁﬂi&fﬁﬁif{}w SO AEARR TR LS ]
VRN

’ « UL

o LI il
< 6
S

On.l_.l]ﬂjl'lm o o
2 5 8 11 14 17 20
U
B 7 ARIAHIARTHNEBREZRIEKIRE

Fig. 7 Input current harmonics under
different modulations

8 AN GBI, PRy o AR et
DhERE n JAm N THD gk, mTLAAEH,
TR A PR IR PRC A2 (1 D3 DA 4
AL Y8 98¢ T2 T 6 8 P e o R ) R U 71 ) B
JESIEE ) PFC AL et o

50 1.00

PF_RUIJ i
40 /’T_’/’ {0.99
PF_HLi )
£ 30 10.98
g . =
E 20 THD_ L1 i 10.97
10 10.96
THD_ XU i il
ob— ; ' —10.95
400 500 600 700
PJW

B8 MARIAXTIIREMRMALRIR THD fhk
Fig. 8 Variations of power factor and THD of
the input current with load

5 ZHig

) HOE R I PRC AR He 28 3T B il i 1
73‘?2, L N HL IR AE R B AR AR AT VI 7 o
2) HRHH T SRR v v B R B
%, B B BR T FRa il T N F R A A
VR S5 o
3) SEEGHFSTRIA, DL AR Bk XL
gl W R 2 iR NG N e s ew 7 =
LATPANSP B APSE A 8

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

Lai Zheren, Smedley K M. A family of continuous-conduction-mode
power-factor-correction controllers based on the general pulse-width
modulator[J]. IEEE Trans. on Power Electronics, 1998, 13(3):

501-510.

BRBE, BVAETE, WEE, A TR A U E B XA ]
JAED]. AL TRAR, 2003, 23(3): 34-37.

Qian Ting, Lii Zhengyu, Hu Jin, et al. Dual-loop scheme for unified
constant-frequency integration control of active power filter[J].

Proceedings of the CSEE, 2003, 23(3): 34-37(in Chinese).
BRBE, BVAETE. BB YU & XU B ANy (0]
HULFEEEAR, 2003, 23(9): 44-47.

Qian Ting, Lii Zhengyu. Novel double-direction compensation control
scheme for UCI-APF[J]. Proceedings of the CSEE, 2003, 23(9):

44-47(in Chinese).
Smedley K M,

constant-frequency integration control of active power filters:

i

Unified
steady-

Zhou Luowei , Qiao Chongming .
state and dynamics[J]. IEEE Trans. on Power Electronics, 2001,
16(3): 428-436.

Ghosh R, Narayanan G. A simple analog controller for single-phase
half-bridge rectifier[J]. IEEE Trans. on Power Electronics, 2007,

22(1): 186-198.
TRAEYL, URIZ, BAVERR, SR PR ST G A A Y
PWM M35 [J]. HUCHARR, 2003, 18(6): 28-32.

Zhang Chunjiang, Gu Herong, Zhao Qinglin, et al. Three-phase
voltage source type PWM rectifier by one-cycle control without
multipliers[J]. Transactions of China Electrotechnical Society, 2003,
18(6): 28-32(in Chinese).

UahD7, FLME, ARG, SR R ELA O A A U5 e R ]
BT AR, 2003, 18(4): 51-55.

Xie Pinfang, Du Xiong, Zhou Luowei. One cycle controlled DC side
single phase active power filter[J] . of China
Electrotechnical Society, 2003, 18(4): 51-55(in Chinese).

Kb, JAHELE, DT, ELURON APF RS HCS AMEE AR G
F[I]. HEEHUCREAR, 2004, 24(11): 39-42.

Du Xiong, Zhou Luowei, Xie Pinfang. The relationship between

Transactions

compensation performance and main circuit parameter of DC side
APF[J]. Proceedings of the CSEE, 2004, 24(11): 39-42(in Chinese).
Zhou Luowei, Smedley K M. Unified constant-frequency integration
control of active power filters[C]//Applied Power Electronics
Conference. IEEE, 2000: 406-412.

TLVR, S, W40 S TR I A VIENNA HE s
WAL, TR, 2009, 43(11): 66-68.

Jiang Tao, Mao Peng, Xie Shaojun. Study on single-phase VIENNA
rectifier based on simple analog control scheme[J] . Power
Electronics, 2009, 43(11): 66-68(in Chinese).

Qiao Chongming, Smedley K M. Three-phase unity-power-factor
star-connected switch (VIENNA) rectifier with unified constant-
frequency integration control[J]. IEEE Trans. on Power Electronics,

2003, 18(4): 952-957.

VG, MORE, SRR, BE TR SUME R T A R A A
VTR R RFELT]. A E AL TR 2AR), 2007, 27(36): 109-114.
Lei Tao, Lin Hui, Zhang Xiaobin. The study of operation for high
power factor rectifier in unbalanced system based on one-cycle
control[J]. Proceedings of the CSEE, 2007, 27(36): 109-114(in
Chinese).



56 S L O %31 %
[13] Jaffde, @245, ke RS0 Buck B R RIRHRA ], HE Wang Yubin, LiJiwen, Tian Zhaoguang, etal. A new PFC method
L TRR2E4R, 2005, 25(17): 11-14. and experimental study based on one-cycle control[J]. Transactions of
Zhou Luowei, Peng Rong, Du Xiong. A novel dual-Buck voltage China Electrotechnical Society, 2007, 22(2): 137-143(in Chinese).
source converter with one-cycle control[J]. Proceedings of the CSEE, [17] Silva C, Bascope R, Oliveira D. Three-phase power factor correction
2005, 25(17): 11-14(in Chinese). rectifier applied to wind energy conversion systems[C]//Applied
(14] BRI, Wfistf, ORI, SpREBIHIA Buck-PFC 28] Power Electronics Conference. IEEE, 2008: 768-773.
LR 2L H . -
THRER, 2008, 23(11): 79-83. [18] Smedley KM, Cuk S. One-cycle control of switching converters[J].
Chen Bing, Xie Yunxiang, Song Jingxian. One-cycle controlled novel .
IEEE Trans. on Power Electronics, 1995, 10(6): 625-633.
Buck-PFC converter[J] . Transactions of China Electrotechnical
Society, 2008, 23(11): 79-83(in Chinese). N
P . S N W BHA: 2011-01-06.
[15] AhA, Fffede, D0y, 5. SEA4EEI = PFC BN ) H 4 teEE
8Ir:
W], PR P TARSEAR, 2006, 26(9): 120-125. . R
N ;] 2 LL‘ . © L T et of TL(1985), B, BRI, BRI
) " 10.ng, ) o uowel,f 1o Ql;anmmg,ue(ti ahj.' ; effect 0 KT AHFAR, freemanjt2003@yahoo.com.cn;

t t t tant 1] t - Jrey N
integration time constant of one cycle controlle: ee-phase power EB1979), 5, WL, B0 N
factor correction[J]. Proceedings of the CSEE, 2006, 26(9): LA TARHAR, maomaod724@163.com;
120-125(in Chinese). ] WH(1968), 51, BobE, HLAESE, B

R BORIE 70 S S FaT[I]. DR R, 2007, 22(2):
137-143.

1LY

(RIEHIEE =840)




<<
  /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 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


