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An Improved Adaptive Normalized Least Mean Square Filtering Algorithm for

On-Line Monitoring of Transformer Partial Discharge
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ABSTRACT: It is significant for secure and stable operation
of high-capacity power transformers to carry out on-line
monitoring of partial discharge (PD) and the key problem of
on-line monitoring is how to extract the weak PD pulse signal
from strong interference signals. Due to its advantages in
simple structure and stable performance, the adaptive least
mean square (LMS) filtering algorithm is widely applied in
noise cancellation, however there is a defect in this algorithm
that the demands on its convergence speed and steady-state
error cannot be met at the same time. For this reason, an
adaptive normalized LMS (NLMS) filtering algorithm is
proposed and during calculating the power of input signal the
forgetting factor is led in as well as the sign function is used to
replace step correction factor. The calculation burden of the
proposed algorithm is light and the contradiction between
convergence speed and steady state error can be well solved.
Applying the proposed algorithm in on-line PD monitoring of

power transformers, the effects are satisfied.

KEY WORDS: transformer partial discharge; adaptive
filtering; forgetting factor; sign function; normalized least

mean square (NLMS); on-line monitoring

A Jrd T AR A0 TR v ) 2 s 4 1) & SRR 3B A T
FAE S S W S B i A Si T-IRA5 5 4 U8 1 )
HRIBCRL KIS 5 o B/ NS B AR NS A B S A TR A
PERERE SR AL, T2 N T A N AR o, (LK
WS RZEAFAE G, AREFINAFENHL . FeT o, 2T
SCE VA — At /N T3 B S N SRR ARV SRS S 2D
I, GIN TS, IFN AT S RS KR IER T
GSETH SR, B g e T RSIOR S SRR, AR
AR s g Jm ST PR e B R ROR R4

KR LR BIEN IR BT AR
B H— Al Ny RS

0 31

MR R RS A G RS —
S8 B R SUURI B, 4 P 37 98 e 0 i B (AR AL
By |15 e SR N (e a1 S ey S i)
RPALE A BT b AN A BRI, B AN A 2 A i
v e R BURAH . BT RSO 2B K
AR F B R R 22—, IR R
AR 2 I v {52 31 72 T A . BT
Y R AE S E S R TS S, ARTRES
BRI RS T S MR AR R 2RI TS 5,
A A 2 0§18y 3 25 i) R T e 00 o R R I3 A7
ER R TG T o HATEIAS w TP 75 ik 2
38 7 SR NIRRT
N SERREE 8 & Tl 2 K s A SI B2 D
YT, (RS e, ARERETHME S s
ALk H B EE . B2 /N4 T (least mean square, LMS)
38 N 98 AR AN 7 AT AR AT 5 FIE 75 1 5 56 %0
P, AT BRI FH A BR AN LI Al T s oy
BT IERAR S5, DUENAS SRR, S8
IR 5 RN 7S (PR L 70 120 o LMS G Y Y8 9 5
AT H R AT B pAR e v, AR S TR B s
FELE W B 71 5 vk,

LMS & S g Sk A R SOE T 5T 1R
I TE, BN GE T B A SRR R e A



166 oz WA T AR T s Je) AR R M D P SGdE NLMS [ 3 i 0 50

Vol. 34 No. 8

A, Stk 22, A T ik LMS HIERIX
— R, SCHR[10-14 1R AR D Kkt 1 I8 I,

FLREA AR . R ZERORIN, R K BN
PRl HRER/N, RN DA B NEAS
ORI SO BE o SCRR10-12]42 1) T 2820 Kk
WA R AR LA i L, P KR A T8
A SCRR[I3IARE DR AR EORR B S A K

SCHR[ 14135 H &4 RSL SV RE SRS i 1R 5 gt
e, (RIS KT LMS Bk, ARSCHRH
JH— 4 5 /N34 J7 (normalized least mean square,

NLMS) & R 5L, R B 7o 85
AN, IR B b T S, IR pT B
AR B B RE i H & NI K, T EAS AR B
FOBRARAN, It TSl 5, AR T o SR ZE

1 LMS BiEMNERKIRE

LMS [3d W JE 5% 2 Widrow B #1 Hoff -
1960 “EHEH ), T H A THE R R MEReiee S
= R = B VA Seeb s S NI E B VA7 ¥ 53 Dl P = B
I TR 1 55 7 T 3RAS TR T2 N H . LMS
38 NP8 SR AR BE T /N8 R 2% (least: mean
square error, LMSE)/E NI K 4EZN I 2 Ml BE T B
PRI ERE R IR, RT AL 1R A AR £ 1 4
, IFRBIBEREA, USRI
() G R R 1 I N YR A SR 1 PR .

)

A AR E R A

& Y AUE
RIS

d(n)
1 BiERER RS
Fig. 1 The principle of adaptive filtering process

FRYER 92155 LMS A L

y(n)=w' (n)x(n) (1
e(n)=d(n) - y(n) 2
w(n+1)=w(n)+2ux(n)e(n) 3)

A x(m)=[x(n),x(n=1),--,.x(n-M +D]", HN
NS T R MO UE A A
[y (1), W (1), =,y (T IR B d(n) 3]
PR S: y(n) NEFFRHE S e(n) WRER
T WAKRT, TSR0 < < Ay
A WEINE T x(n) FAH ISR B K RFAEARD) o

MR B N R ZZHEN, SR S Row,

w(n)=

I A BE B8 L f(w) = Efe(n)’} St A, %
B —MET R, RIS x(n) s x(n—1),--,
x(n—M+D) Ak d(n) . w,, NAEAETHR 2 3
TR £ (w) /o

2 o NLMS Bi%

LMS 5595 (AL S50 T T R R A 158 2 AN it [ 1 423
B, HMEREHP Kok PO, WSl
FERR, RS R RN, N SH FEL
18, FREREMRA. ERMAETBRKMER,
NLMS S ) 30 G JEOR A e 75, DRI Ty FL AT SE A (1)
WS PERE .

LMS Bk 3 75 1R 22 A A B e BTk
IEAL, BUREUR & w(n) FBENLIESE LMS 5
Efem[} # T 8 bE F Wik 0 Eemf} . 1
E{w(n)|} BB B w,, o BUREUR B4k 4%
K@, HEIEA 2ux(n)e(n) AN 0, 1 Je4k4E
BEHUEAR, B PERESERE & KT Yghin 2=
Enin » Widrow IR REL 6 KRS TT R 2%
XN R ZE AR 22, FFUERH & = uMP, - itk
ALK, PRI E M Bm, DK u A
ThE P, R, IR R E S K. A 25K Bl
NI AR AL, T 2K 2R H0K A FF AR EE , NLMS
BRI RS T2 M HE 5

SEEWE) IR N B VA TE L RV R,
x(n)e(n) FFS, WrDR LA X (4) & XIS
PR s(x) -

, x>0
s(x)=40, x=0 4)
-1, x<0

HeAl JEwT oD SR, BRGS0 B S A
fE o A SCR M A 2 2L s[x(n—i)]s[e(n)]
x(n—1i)e(n), WIXG)nTMH

wi(n+1)=w,(n)+

H .
ms[x(n —D]sle(n)] (5)

6 (n)=ax,’(n)+(1-a)6*(n-1) (6)
X i=0,1, M —1; u B EKRTF(0<pu<l),
a NIERTF(0<a<<1); y KT OMIHE, 4
NG DR, RREBREEE R, SEkbr
NI E Sy WP ER R B RS 62 () A
BIANE S IVRIMETHME. M x Ak 0B, 55 K%L
IR R s(x) =x/|x|,x 20, FULHSEE NLMS 5
EAR AR — R AR K LMS Sk



5345 5 8 )

HK

BR 167

3 AESH
3.1 HEWSIERE LR

K5 SCHER[TOTAR [ B 45 fF . B 3E M B,
wM A M=2; WEBNRBEREYEw=
[0.8,0.5]", 7EZF 500 ANKAL fikh, MARKKEAN
w=[04,02]"; BIAETAMER 0, HEN 1K
FETEI RS s 78 x(n) TIIATT 2220 0.04 IAAHZR
T AR v(n) 28 d(n) 5 SKREESECH 1000, 1)
FLIRECN 200, W& IR A0 L5 R SR B 15 45 48 45
B, It St 2k .

K] 2 /& LMS. #rvfE NLMS Rl NLMS 532
I3 R SCRR[S 107 B4 AR P4 30 7 1t 22, &5 R W
Mok NLMS SE e SoRe M WAL T LMS Jbnife
NLMS S sicke e .

B 3 A 555 bR A — b B /N 7 (NLMS-ISA)
SRR S AE R A R AR A5 R 22 1 0L TR H
SCHR[ST L4 AR T #33) J7 7 25, NLMS-ISA Hik%
R B SCHR[15].

0 200 400 600 800 1000
BEARVC i

El2 LMS. #Rf NLMS Fiit NLMS BiAm AR E
Fig.2 Mean squared errors of LMS, standard NLMS and
improved NLMS algorithms

10°

0 200 400 600 800 1000
AU

3 NLMS-ISA izt NLMS EERIFIRE
Fig.3 Mean squared errors of NLMS-ISA
and improved NLMS algorithms

1 3 AT 40, Bk NLMS S92 AL S0 P A b o
HedE NLMS BE5IA T s, HRA A (6)1
ERTTEH NG S5, SR, [H
PR ARIE NLMS 8% (1 3fed2ais 55 4 ok 2L (4)
G 5iaE, (el NLMS Byt & s/
ThrvE NLMS Hkat Ha.

3.2 BEHMBESERS T

Jra BT LA A T A, DRI R
VAR s 28 B8 20 AL 1% 20 A W A 1) o R b 25 7 AR BOK
PR32 P SEE R, PR LG I 7 A 0 28] ) Jmy BT8R 5 —
WA IR 5 T o JRABOR KR e T DAH
AF 2 P AR R

fi(t)= A" sin( f,2nt) (7)

fo(@)= 4,7 = M)sin(f2mr)  (8)

X ANBOBESIRE: « HERREG 1ok
Vit .

4 4=05, 4,=5, t=2x10"7, f =5x10°,
RYCRFEIZE F, =3%107, W] J s 5 i ok b 45 254
SR E 4@, ERURRRE I L 1
(R TP, WHR S5 507 L4 R 4b) s .
H1 B 4(b) w] %0 Jm B 5 O A S A T RS
G

0.5r

=
- .

0 2000 4000 6000 8 000
KA s
(a) JRERHCH kS

> :

£ OMWMMW"‘*“MWM
ez

= _

0 2000 4000 6000 8000
(b) DN WIS 15 SRk 5

B4 THESWAREEHBEKHES
Fig. 4 Partial discharge pulses before
and after mixed with noises

FIFH G NLMS SEXHE 5 LW, KA fE
5 x(n) IERF AL, AT x(n) 5K d(n) T )RS
TR R AN DG, XA IR S SEBR T p(n)
EH AT, Hit, KR EE SN
BRI kS 5. 4 1=0.001, y=0.001, JEH 2
B M 5y B 4. 8. 15, DTS LM B A 5
Fome B 5 A4, JEREs 3 M OBOOKSIGE S
Btk M =151, FrfglikiE( 5 Bl 4(a) A m
JRTE SR A F] s RS M 5, 2k i
AHAW Sk, M <8I, BESRERK, e
Jok R AELE KT I8 4(a) o AN IR R BB AE 5, I
H IS 418

4 PALRIES O

Y37 R B 5 R H B H 2 50T K AR K
SRR MR SE, Z RSB CAE KA H il i iz




168 oz WA T AR T s Je) AR R M D P SGdE NLMS [ 3 i 0 50

Vol. 34 No. 8

> 2

i OW
E . . . .
0 2000 4000 6000 8000

(a) M=4

0 2000 4000 6000 8 000

b) M=8
Ol T | |
> }
=D AL A L
0.5 : : : :
0 2000 4000 6000 8000
(c) M=15

5 FEMBESERER
Fig.5 Denoised results using improved
NLMS to simulate partial discharge signals

1To ER AL b2t AL IR AS , IXHE
TC VR R I L R AR AR AR R A i e v Fs g 211K
JE, TRk Ok EASA AN . 2T A EL
I Er S SR 5 G EREE SR ONCw N N YL i
TGS, AMEECEEE TGS .

I3 B v W T HAE 5 72 v ) BB TR A A
) RGEEBURTE S, THIAELE 30 kHz 2
0.5MHz Z[f], 45> 5 n) 318 PR AESTHT 4 kHz,
KRR TR TGS, TR
0.5V UL, THumm HEanT LIER 1V L. fF
G MEEREE R A/D B R AR R B el
SRR TONE S TR AR, MO S A
JUANSRBI TG 5 ah, A e T4k
155 10 R IR AN 2 ] ANAR ), AN TR TP 7
(A Ty FH 58 A T RS — A o AT H 1) S A
S S RS0 I R I A5 5 R N g 2R
360 2 AT I 11 = 3B TS FEARAE JBOE /N 300 pCy
i) ZR G ) e K TCRIEAE L4 1 Ve [ 6 RIEAEL
YA R A B K SRR M T R I A5

B IE MR, RN A E M =10, YiiG
A K u=0.001. K LMS. FrdE NLMS Flgiit

1
0 MWMM
-1
0 2000 4000 6000 8000
PRGISE
El6 HELBENAFMRNIVIFRBHREES

Fig. 6 Partial discharge signal from
on-line monitoring system

[I¥i=TAY

NLMS 8550 AAAE S 3EA T Ab 3, FCR e 25 1
WiE 7 fros . LMS SRR T Hia a8 h
9, FrdE NLMS Hikike, doll NLMS Sk ] fff
FAIFRBEACE B, 492 1780 bk i E 5 B G
R, JLIFRAME, BB B,

Bl 8 Jhy i s B HonS it NLMS 575 25 e 2R
HISEH, M2y 9B 3. 64 10, 1 =0.001. M=3 I},
JUTFHAE 5 LA 0, Mk s SIREL 5% T
JRUAE 510 2 fiFs M =61, FB TP bl 226k,
HRKriR(ES M =3 B —20 ARSI,
oMU ERAL . PRI, e 80 H A e M v R
HudE NLMS S0 5 5 i SR PR A B S 4L
A BeAE WS s BE AR AS R 2 (R 3RAF 31T

1
0
-1

0 2000 4000 6000 8000
PRF=E
(a) B LMS 5k

1

0

-1
0 2000 4000 6000 8000

(b) FrUE NLMS 5k

IR ETAY

A ETAY

/v

1r
0 Hos il TN
] — ittt

i

0 2000 4000 6000 8000
KHE B
(c) Buidk NLMS #ik

7 %R/ LMS. #08 NLMS 2 NLMS BAREIR 4L
Fig. 7 Denoised results using LMS, standard
NLMS and improved NLMS

0 2000 4000 6000 8000

A

i

PREIsE
(a) M=3
o 1r
& Okww
&1}
0 2000 4000 6000 8000
PR
(b) M=6
Ir
Z ot Lbke H.JM& | Li
m U [T ‘ i)
E-1p

0 2000 4000 6000 8000
PRV
(c) M=10
8 JEIKERME M A EIRTEUE NLMS BE R ERBER
Fig. 8 Denoised results using different
filter orders(M= 3, 6, 10)



F345 8

B B R 169

5

=it
ey P8 TR P A 4 M A 18 Ak B S A SR AR

s AR I A A T, AR SOR T Bt
NLMS I g Skt AT Mg, b 7R,

ﬁM&WA

HATEAR SO AN MRS IR 22 . DB A
K u MBS T a FFZHIEFE

ﬁﬁ%m&ﬂ@fﬁhu%lﬂm&k SER N
Hh WA DL £ BRI FE

B2 3k

(1

(2]

(3]

(4]

(3]

(6]

(7]

(8]

Khan S Z. A new adaptive technique for on-line partial discharge
monitoring[J]. IEEE Trans on Dielectric and Electrical Insulation,
1995, 2(4): 700-705.

INAB, DU, BURML. BN R R P S R AR 2R A
SRR Y R[], AR, 1997, 34(7): 19-23.

Sun Caixin, Luo Bing, Gu Leguan. A study on the application of the
adaptive digital filter in on-line monitoring PD signal processing
[J]. Transformer, 1997, 34(7): 19-23(in Chinese).

IR EECE, A RO TE SR ) TR B A
WEFU[I]. PO 24, 2003, 37(6): 617-621.

Yue Bo, Cao Xuping, Li Jian. Adapative digital filter for on-line
partial discharge monitoring[J]. Journal of Xi'an Jiaotong University,
2003, 37(6): 617-621 (in Chinese).

Kwong R H, Johnston E W, A variable step size LMS algorithm
[J]. IEEE Trans on Signal Processing, 1992, 40(1): 1633-1642.
FALK, R, SR R ARSI TEZ I e TN AR
AT ART]. NECR, 2003, 27(4): 46-48.

Wang Lixin, Zhu Dingqiu, Cai Weizheng. Wavelet transform based
de-noise algorithm by thresholsing in on-line partial discharge
detection[J]. Power System Technology, 2003, 27(4): 46-48(in
Chinese).

VORAE, HOMERE. TN AR Y 1 S ST A ) B
A e MR [I]. P AL CRR AR, 2003, 23(1):
107-111.

Huang Chengjun, Yu Weiyong. Study of adaptive filter algorithm
based on wavelet analysis in suppressing PD’s periodic narrow
bandwidth noise[J]. Proceedings of the CSEE, 2003, 23(1):
107-111(in Chinese).

TR, Xl BT HCE RS L e
NARZG B, 2002, 26(7): 13-17.
Yue Wei, Liu Pei. Detection of power quality disturbances based on
mathematical morphology filter[J].
Systems, 2002, 26(7): 13-17(in Chinese).
WY, B HET R ME AR
JRE]. HRHA, 2006, 30(5): 62-66.
Ling Ling, Xu Zheng. Mathematical morphology based detection and

SR AR A ]

Automation of Electric Power

SR RN 5 73 26

classification of dynamic power quality disturbances[J]. Power

(10]

(1]

[12]

[13]

[14]

[15]

System Technology, 2006, 30(5): 62-66(in Chinese).

WRBH AR, Tatte, REBOH. JETEEEIEEZE N B RYCRFE S
AEFRFVE[T]. HEMEAR, 2003, 27(9): 61-65.

Ouyang Sen, Wang Jianhua, Song Zhengxiang. A new powe system

sampled data

theor[J]. Power System Technology, 2003, 27(9): 61-65(in Chinese).
TR, BKHSEIE. RS K LMS Bl Mg s A B

PRES M, 1997, 12(3): 171-174.

Qin Jingfan, Ouyang Jingzheng. A novel variable step size LMS

processing method based on morphology

adaptive filtering algorithm based on sigmoid function[J]. Journal of
Data Acquisition & Processing, 1997, 12(3): 171-174(in Chinese).
R, R, R LMS A RE RS SR S A ). T
AR, 2001, 29(8): 1094-1097.

Gao Ying, Xie Shengli. A variable step size LMS adaptive filtering
algorithm and its analysis[J]. Acta Electronica Sinica, 2001, 29(8):
1094-1097(in Chinese).

NG, T, KA. HENADK LMS B
[J]. RGAEAR, 2007, 19(14): 3172-3175.

Sun Enchang, LiYuheng, Zhang Dongying. Adaptive variable-step

LRI

size LMS filtering algorithm and its analysis[J]. Journal of System

Simulation, 2007, 19(14): 3172-3175 (in Chinese).

IRV, JHER, B, BRSNS

KRR, 2002, 42(1): 15-18.

Gu Yuantao, Tang Kun, Cui HuiJuan. Novel variable step size NLMS

algorithm[J]. J Tsinghua Univ (Sci & Tech), 2002, 42(1): 15-18 (in

Chinese).

BRI, EILIK, SEMER. JREECR AR L I P ) B & N g BT

ED]. A RZAZME, 1999, 23(20): 29-32.

Zhao Xuemei, Wang Lixin, Cai Weizheng. Adaptive filter method for

partial discharge on-line measurement system[J]. Automation of

Electric Power Systems, 1999, 23(20): 29-32(in Chinese).

GRS, TK2RT5, B, B LMS G NSRSk
. UEHLEL, 2007, 24(6): 89-91.

Tian Binpeng, Zhang Cuifang, Yan Lei. A variable step size LMS

adaptive filtering algorithm[J]. Computer Simulation, 2007, 24(6):

89-91(in Chinese).

Igis HE: 2009-12-27.

fE&E &I

T K1983—), B, Wi, TRENE, WFTAR
94 A% L 1 AOIRAS I 5 A 18 K50 %, E-mail:
pglyf ceee@163.com;

Wit 7 (1982—),
Wk i) RGN s

XEHE(1975—), B, TR,
A B S BT AR

%, m, TR, @FFUA

TG

(%% M)




<<
  /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


