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Interference Suppression Method for Space-time Navigation Receivers
Based on Householder Multistage Minimal Module Cascaded Canceller
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Abstract: Due to suppression the influence of impulsive noise spikes (outliers) from desired signal direction of
arrival in Global Positioning System (GPS) signals, the Householder-based multistage minimal module cascaded
canceller is proposed. The method substitutes the weights of the Householder-based multistage Winner filter for
the minimal module weights, which have the minimal module of the samples quotient, and adoptes in space-time
anti-jamming processing in GPS receiver. The method has the prominent ability of restricting the influence of the
impulsive noise spikes (outliers) from desired signal direction of arrival to adaptive weights, and the ability of low
complexity, also fast convergence. Computational simulation results indicate the method achieves better fast
convergence ability and a good performance in reducing the influence of the impulsive noise spikes (outliers) to
adaptive weights.

Key words: Array signal processing; Global Positioning System (GPS); Low complexity; Anti-Jamming (AJ);

Vol.33No.12
Dec. 2011

Space-Time (ST)
1 518

HREE PR ARSI GPS Al Galileo, 75—
SO AR A BT AN 5 g 3 ] rhk A5 R 2R .
T GPS 15 5 I DIRARAC, LU M AR A 5
2 BN K AR R W o R IS S AL L (STAP)
2R S 1N 0 i 7/ R = e e LN T S DY
T HiENHEF, Goldstein 25 AN HEH 1% 2%
Y P2 (MSWE) th T-H R iFPERe, &2 K%
B ORVE - Myrick 55 A2 K MSWF HAR e W

2010-03-04 W F], 2011-09-26 &[A|

X H AR ER2 JE G2 (60672130) FI U E A 40T N A SCRe itk
(NCET-08-0891) % Bl i i

MEfEES: WIKA  huangqingdong@xupt.edu.cn

AW GPS T T A B H, Werner %5 A H¥
Householder 53k (XPRHIAE R 5IN MSWE
Sk, DK T MSWF SIETH R R 45 . ik
REALSFIEDS, 54k /N4 77 (NLMS) 57 Al
i A fe /Y7 (RLS) S, I IEATF 58 s Lo bh
Ji Al B JOEARL B AR . T IR Sl
ReAE &, Woiida S T2 NHE S r i, Rl
TETHAME L GPS A5 S HU TP o AREL T Hoir
P IX BEETE S 2 B /NS 5 1R 25 (MMISE) HE I R 1
— R SEIL, RIA] LA AR B 05 2 5K 30 (SMIT) RS —
FSEEE A AR A IS s ETT,

AT 2 A0 W8S 5 T 1) > AR AP AR 0 b 3R
(impulsive noise spikes) T $ 8% K §& & 1 7 o {H



2808 BT 516G 8 %R

% 33 %

(impulsive noise outliers), XLt NIHELF 5
B A AR MR RS S, ATy
ZEFRBENS T AR AR R AR U, R e B
557 1 (PR RIS BT, BE o SR BB 2 i
B PUBUE, SRAE P T3 725K 18 (SMI) VAL REAR 1S
TR,

N T AN AR S T ) R RN B U BOK
[FI5EM, Picciolo 4 NMAGETH 22 AR H Kk, $2H T
AL B IRARY 2% (MCC) HE IR L H T STAP
o, SOK MCC 5k MSWF 454, =il T 2%
Hh A KR DA T s S Y, A AT R R
Picciolo 4 NS KA 22 20 A B BAR T 4%
(RMMCC) 5%, 1 RMMCC RFEH1IE R 2 2.8N
I, WS RERE AN T 32 T- I RE IR STHR[1L3]% MCC
SEIEAT T ok, SRt T B MELZRIBATE A5 (MMCC)
Hk, BEDUaE THERE, BRI MCC HkH AR
HE .

A SC P I St U7 VR R d N R AE TE As
(MMCC)™ 5 Householder % 2 4 44 38 3 #%
(HMSWF)¥&i#, JE Householder £ 4 /M4
HAHTH % (HMMMCC), FEEHLHT GPS #lhl s
IFPUT-PRALBE & b, S Al 5 17 TS [R] I
FHI S B A 5 B TN A AU T SRS
G PTREURIGUE T I8 R BE

2 HMSWF ZHES Tt HnH &2

GPS ZEI Ak B as A H] M AN B oA RE RIS LA
SRS AR A A S s T, s 1
R, SRR S s TR S r B I BES 3
Yo, PUTPLABLES T, A v
KT CETT I 6, KR DRSS s o FUTHALIS
XA A BRI TR AR 5 R A SL R B N %
(MVDR )W A EHEN o HBCEI A5 5 728 22 ks
RAFIE AN RAE, FENZ n A RERHAT
FEAMES, MR E X(n)e CMY, RRN

X(n) = al0)s,(n) + Y a(9;)r;(n) +n(n),
k=1 =1
k=12 Ky, j=12 "7Kjam (1)
SN =R
L. ————@m
\ 79;&:3[_\1/ - X
i%'j'n I Y_ = _} ¥ AR
i 7 2 -1 itk A Y
x| Y . : s ] LA
: TJ/I .

1 S PSS S T

X HL a(6),) M a(,) T {5 5 AT PO T 1 R
0, R0, A% EIBIE T ], s, (n) /256 & UL
T, ry(n) 250 j DTG S, n(n) ZINTERT
HEER,  En(n)n"(n)] = 02T o SCHRAZEFRZERE,
BEM R K, SR REN a@) =1,
ej(M—l)wsinH]T o SRR RE A S B f(n) e CM) 1
W L ATELL M RIREAS X (n) HES R TE A

X(n)=[X"(n), X (n—=1),-, X (n—L+1)]" (2)
XE SR PAEE S T A E Y, I
WAk 7 ) TN o FUT-PR AR AR = A R R AT
AT IIE T MR 1, R AT e
BV P24 SR AT o

STAP HiTHAbHEA% v] LU IR S — B SRR
W c C(MLxl)

W:[VVITJ)VZT"”’WLT]T (3)
KW, = [w,, w5, w, ] EFFFIE SIS A E
IRJER AL R PUT P ACEL R4 A

3(n) = W" X(n) (4)
WSS 8(n) B B GPS B HLIE T AL PR,

FALY O AR 13 R BRI RS S 1 T 1)
FIXS RIS 1) K a(6),) B A& AN . X 5K
YRR, RIS PR R R K ) T
PRI A AR BRI T IR 28 (GSC) W, & 2
. B2 W, dn) = a(0,)X(n), B, € CHMM 2
BHZERFE, H B,a(6,)=0. X.(n) TN

B, X(n)
- X(n—1)
Xim=| )
X(n—L+1)
BHAE T e(n) = 3k(n) , AXTER K BUTLAEAE 511

ftivho e(n) AT LGB AT A WL 80 HMSWEF
JEB A AR TS 2

HMSWF S0 TR 5 5 T I RaL T 1)
HAERNOE, HARERIREE. R, %
TIAE S LRGSR RN, AR
g RIS POREA, 2 ™ FE M AU AL 2
B, AE IR A BE SURPSAL .

X(n) d(n)

2 TPZR GSC 45k



#1218

R AR FET Householder 2 2% 5t /MELIAN Y 2% T WUEANL S T T4 0732 2809

3 Householder % 2 & /MR ELIRIB R /74

P SEFREE R AR A A A 5 7 R S AR PR
FIT4E, JUILRAE S A EREIAEE Y . BB X R 2
=R pP R R TR SR 2, B TR IR T4
W PR AT EE TP B A T
P 7 IR kR B TR
IR B . TR A AT R s R AR
ORISR T IS O e AU 5
FIsm, ASCK HMSWE Fl MMCC J5 k45 473 5
HMMMCC,

Householder £ 2 4EA 38 & (HMSWEF) il i %
H— &%k % Householder #5748 455 HUFAX
MSWEF (1) B Z& R B FAH O IC AL 8y w8 V15, MM

[IRURLIEH

d(n)

R Tia& 1, 1 HE G T RAFEA T 5 22 5B £
Pl A7 il KR EORE FE (52 . HMSWE (1) 4544
WK 3 Fios(4 ZAEBCAE), bR uy(n) = d(n) Ko
WG, X,(n)= X (n) #nSH T Bs, 3
o LRGSR 55 IR (ML - 1) 4E8dE, ¢
T HMSWEF ) HoAth P 2598 215 SCHR[4] - HMSWE [
JE R4y, LSRR AN SR U Tt B R AR T 2%
(GSCO)M, il 4 Fron, sH/hIITRL, 5K 3 82
Bw, R B 4(a) EXTALLUSNG 3 AL, » HTHT
T HE = 25 (AN AR AR B 3 ARG, PRI
A A F TR L LS PUE R B HMSWE JE 3 4%
T 00 328 4 350 o AN, T S 003 4 4 S B b
MMCC k#7425 HMSWF &5 8 A [\
HMMMCC, W 3. N A SCE S BAUE T 7
o

Ji T A

Xo(n)

3 Householder £ Z¢HHIH 2% 4544

AR, BRI R, (n) 2] SRR
WIS, BEAZE. X 4(a) FAET L, Kiid, XF
I 4(b), (n) oA WIHAE 2 (Al W13
57 a(n) RN TR SR IS T Ak
& yn) = z2n)—w'zn), n=12- K ZERXFERIA
o XTE 4(b), PN AEGIER S AU T
A

{Dopt = R;Elfzz (6)

Hoebr B A 6 R EL AR G bR i 4 O R, = (1/K)

ug(n) wy(n) uy(n) ug(n)

| I I 1

L L, L,

| r—

b b on) o(n)
| — ]
Ly Ly

‘i’/{)(") t y(n)
(a) 4 44 GSCC (b) PN SHIHE R

K4 M A S

“ T * a(n)z(n) .
Do)l M =37 alm)s’ (v)

TEFPRI(K = 1)L FHEA(6), WAL
A w' (1) = [2(1)/2(1)] » Hrb EAR AR AR
1, w' Q) A E . AT 2L, X
BEAS PR R bR v ok A B, 0U)45 3 B AL AR &
w'(n) = [2(n)/z(n)]" , HXTREABARR PRI 0,
Hhmhi A% R IR BRI T, BENLIIAL
w'(n) I, Mn — oo i), FETESCMSCT
A w,, Mo TSR, SRR T A
25 Al g, 2 Fla Fone L, BEHAE AU
My, =z —whr, y, 5o AR, BIIAG: 2=
Y, +wpz A w'(n) = [2(n)/z(n)]", 133
w =) = 2 (g o) oy, (7)

TR, (y,/n) R—DEILE, w,, 2
—ANRAN I AU « FHRBERIRR A T AR 20(7),
w' = e, Wy = H e | (y,/z) = He , KR
e

w' = re’? = He + H e (8)

R (8), TR MERUE



2810 BT 5

B R

% 33 %%

Wymee = T&B {wl} = El(}lg {z"(n)/z" ()},
n=L2,---, K 9)
Horr Elér,} KRR 25 (n)/ 2" (n) NI/ R AUE, B

KA (8) 1 r B/ ME w! . MMCC Zifg & 4

Bz, ‘€5 GSCC g5t E . X 4(a)t 6 A L, 7>

BRI, BYGHATVHEE, e plidme MBS

AR A AL . b= (8) AT 4

r? = (Hcos + H, cos6, )’ + (Hsin6 + H, sind, )’

(10)

H1F30(10) (0 0 F H AEBENLAZ B, e/ r 55 0 RTH

5% A ] T 2 (1) KA

or*/oH =0

or* /00 =0

LRS00 =2n +V)r 406, - BRI X (9) £33 11 i
wynice » M@ — 0,5 T r — A, (0 <X <1)HfH.
Bl i 5(9) 75 2 AL skbs ER R £E(8) Frakte
(K1 n A w! BT I FRAT 0, , MIAEE LT H, AL
B, B wyyeo 9wy AEENEEIT IR R, FHIEAUE
HIgEvh 7 BT 7E SCHR[L3) AT PEAR B IE » 1E 7 i T-IXFh
LMEEIT R AR, A NBUE 5B A B 14
TP 1 BE A PR S R o

K AR AR S H (¥ HMMMCC $3%, 7T Ll
Jt Householder #E PRI, Db it H 2
JE, wTBLERE MMCC 5 A AR 1) HMSWEF
Zitrra®l, Wil 5 Prox, SAN RS RN 1 B

(11)

Py up(n)

(32(71): ep(n) 1+
P

wp

5 FHIEAHYE Householder 25 24 AHTH #% 45 1) I

% 1 HMMMCC &%

FIR 3 JFBUEHE: e, (n) = u,(n),For i =D,D—1,-,1
w, = min {ul (n)/e, (n)}'7
—0.k
(1) = u,,(n) — u] (e, (n);

B Hhn =12, K; D RORIBAGHL.

T M u,(n) = d(n) B X, (n) = X.(n) s
FH 2 UL For i =1,2,--,D
p, = Blu_, X m)/[Blu, X _ 0],
6, = [[E[u, (X, ()],
¢, = £p,/|p,.|.p, Aep BIBIANTLE;

v =p, —cdu;u, = [1,0,-,0] FAp [RILEEH K

B, = —1/(c/8, v, o MBI TTE;

u,(n)
X,(n)

H
=X ,(n) = Bov X (n);

u,(n) = ¢/ ui(n);

4 FEZER

W SICHE REAE b BEFUAE 5 B OE Y AL B BE 1 — A
FEFRbR, — MRS T L (SINR) 5 S A EAR 2
3 dB AP BT A R DA, A A R
(MOE)Kfii &, N, KW A& s MOE,
200 A — b Ak R BB 5 (NORP) 1 7 B R
O g/ ME NORP s Rt SINRI, —4
Wil 4(b) Fros KT 5 AAH T 2%, NORP w1 g X

n==F {|z —w'af }/resopt (12)
Xy 4 NORP fH; X w £HHEAARMER, M
res,, = E{|z — wj,af’} & /A Bk A g & (]
MMSE). %1 N, S AARE B (W 3 & 4(a)
FiR), WSkt MOE v DLAESE N, — 1 AT

XT3 Fron AR 2 &k, AR g
T RAFAE IS 5 U7 I AR PR T, AT
HEN “HASEAES 7 PR, SR T R
RO H MG TR (target-liker outlier), I
TS W 75 28 R 3 S BVEAG T w,,, 7 A 5 W AR
KO, “CHIRRAES 7wy (k) BTS2 2 P4,
LT B A SR AR 5 1 N, x L 4EHERAE 5 )
U BRI S R B — S 2 R
I H PR TP, A2 I BN R 7 223K
1 (SMI) &L MSWF /HMSWF [ 5 Jf 1 fig .

EPiFR, HIENA A NORP ] dB k%
2]

Navg = 101g

Mec

1 1 . 2
o5, M—C;El {|z —w'z } (13)

o Me KRR R P SLI0 R EL w AT EAS RIS
Blo KT 4(a) TR AN #4500, KA G —%
[RIPHIN L, 1) NORP iR it o, , o

K 6 1 FLH Mc BUA 30 K, SR 10 BEC25 Rk
B, SN BEICRAE B A BT, 55 A IR A
A, “WEES” /55 SINR 4 20 dB.
6 AETE “HIHES 7 RS H 5 4 30 dB
SRR TG 435, HMMMCC MERER B T
e 3 M5 S abids. S5 &Em, HEh NI,
K % R Ae A58 HE ) MSWF /MMMCC R 30 55 43 +
2 O(NK) IR Feiia 57, ik H Householder ZZ
1 HMMMCC/HMSWF #7508 4> 41 O(N?K —




#1218

PR HT Householder 2 45/ MEZHIBAHH & T ATHMOHL S N i TR T57E 2811

N}/ 3) RFEIE S JEBls eI H i HMMMCC %
/NF MSWF/HMSWF 503k, £ H—F. Prid
HMMMCC THEZ 2K T MSWF /HMSWF 5%
A1 MMMCC 5.3

GPS N FU T 2erh, ol =S i B 511Kk H]
7 BEICAERRLRRE, BRI, WBRGECh T 4,
AT ML — 1= 48 A (1A T4 Belbob LI ek
FESAR R HI 2R 2 TR RS . SRS 5 /8K
f(C/A code)fF Wbt —22 dB, FrAEE(E S HEA
AP, FHEIE-10° FAL A TR R
REEPA K =200, 5 NGS5 HILE A
[—50°,—30°,10°,30°,50°] , JH—AHH (O GPS L1
B 2.046 MHz JH—4K) 4 [0.1,0.25,0.55,0.75,0.9], 0.5
XN EGEAEE, TRELGICh 20 dB. 5 5 ANl
T A L1 A, TRREEEIN 10 dB, T
580 [-60°,—40°,—20°,0°,20° .« & 7 SEEH GPS
WIS S 5 M TR S S 54 5 e FEYE
BT HMMMCC SESTTHRAE A — 25 i 2 4
BORE, B “O” FoREaTIE, ‘07 &
NHWE S E. NE T W LA RIS S T
AW S, TR AN AT THRTT 0 F AR A .

-o- SMI
—*- MCC

10 — HMMMCC
- MSWF/HMSWF
5
0 =
5 15 25 35 45
Pz
[l 6 eI AR IR Sk e AR AL ]
Foni 40
K20 |
__E
0 2000 4000 6000 8000
) FEAAH
(a) AF7EZE IR
m 40
K20
= m,.
0 2000 4000 6000 8000
) FEAMH
(b) #7175 H b5 77 s A= ik
o 2000
K 1000
=
0 2000 4000 6000 8000
1 ) FEAH

(c) A7 FURRTT Tl 7 i B s ity 380

K 8 KN HMSWF SE3E4m TP A < &

Bl 8. B 9 XA S 5 &
HMSWF Al HMMMCC S3EEAT T80 5, Fxt
G537 S5 A GPS S (5 5 AT AH TS 2 AH
K B HIRH (a), (b)), (c) 3 Pl sl HEAT E A :
(a)GPS AR50 5 N4k, BeR M 5 g%
e (b)GPS WIS 50 5 AN T4, 1
IS S 2 4 30 dB Wi T8, kR
FH 5 R AEARIT AL EE s (c)7E (b) 4 AT RS LT 0 5
AN TP, SR 21 HBE AR WAL B . P
8. B 9 WLAHH, 7 (a) 5 PS4 W B
e KAHAE, H HMSWF & 4f T HMMMCC; 7E(b)
Fi(c)if HMSWE ARG bR c e KAH IR, 1
HMMMCC 5H 2 M KSR Re I IEAfiAr i H d5e KAH 5%
PrE . T2 A BT 0 HMMMCC 89k
PiBUBCRORFE R U, RIEARR, (g RAHAH.
FH 1 B HMMMCC 2 A R i 401 2 e A 8
W RIGTERE, R RERE A RN LS 5 5 vk
PR TP BUEAER T 5 52 .

5 45t

ASCERHME] GPS A5 5 WIS 505 A

-80  —40 0 40 80
Tt (%)

K7 XH HMMMCC 53250 2 4kl R K

m 40
K 20 ’ |
ES anailiiban e o
0 2000 4000 6000 8000
1 )y FEARH.
(a) FEAEAE TR

LB S
g5

0 2000 4000 6000 8000
)y FEAAE
(b) A7 A5 FBRT7 I A i -

o 0
K 20
= " |I|“I| ‘ s
0 2000 4000 6000 8000
1y FEA

(c) A7 FURR DT Tl P 2 iy B et 30

K9 KM HMMMCC SREHI TR Ao



2812

LI I IS S i

¥ 33 %

ORGSO S 1 I 7/l LT S s T s 2 7 N L ]
HMMMCC, JHILT T GPS BN 4t T
PR B o ASCRFTSE TR T HMSWE [RBEZES
PE, RH—&5KkE Householder #5248
AR MSWE PR BHZEH B MG B s o5, FAIR 147
fitt A TH SRS BE R, TR AR B
TLAETRIAL MMCC S54RI DR FF MMCC 5L B
WS, RS 2% SRR PN d 2 MR 2245 5 U7 ) I
RGBT A& A . Jn i
VAL EIN, Bk TASSORE R R L.
2 % 3 Wk

[1]  Goldstein J S, Reed I S, and Scharf L L. A multistage
representation of the wiener filter based on orthogonal
projections [J]. IEEE Transactions on Information Theory,
1998, 44(7): 2943-2959.

[2]  Myrick W, Zoltowski M, and Goldstein J S. Anti-jam
space-time preprocessor for GPS based on multistage nested
Wiener filter[C]. Proc MILCOM 1999, Atlantic City, New
Jersey, 1999, 1: 675-681.

[3]  Myrick W, Goldstein J S, and Zoltowski M. Low complexity
anti-jam space-time processing for GPS[C|. Proceedings of
IEEE International Conference on Acoustics, Speech, and
Signal Processing, Salt Lake City, USA, 2001, 4: 2233-2236.

[4]  Werner S, With M, and Koivunen V. Householder multistage
wiener filter for space-time navigation receivers [J]. IEEE
Transactions on Aerospace and FElectronic Systems, 2007,
43(3): 975-988.

[6]  De Lamare R C and Sampaio-Neto R. Reduced-rank adaptive
filtering based on joint iterative optimization of adaptive
filters[J]. IEEE Signal Processing Letters, 2007, 14(12):
980-983.

[6] De Lamare R C and Sampaio-Neto R. Adaptive reduced-rank

iterative

processing based on joint and interpolation,

[7]

(8]

(9]

(10]

(11]

(12]

(13]

PUNY

FRARAL:

decimation, and filtering[J]. IEEE Transactions on Signal
Processing, 2009, 57(7): 2503-2514.

Yukawa M, De Lamare R C, and Yamad I. Robust
parallel
subgradient projection and krylov IEEE
Transactions on Signal Processing, 2009, 57(12): 4660-4674.
Scharf L L, Chong E K P, Zoltowski M D, et al.. Subspace

reduced-rank adaptive algorithm based on

subspace[J].

expansion and the equivalence of conjugate direction and
multistage wiener filters[J]. IEEE Transactions on Signal
Processing, 2008, 56(10): 5013-5019.

Liu L and Amin M G. Performance analysis of GPS receivers
in non-Gaussian noise incorporating precorrelation filter and
sampling rate[J]. IEEE Transactions on Signal Processing,
2008, 56(3): 990-1004.

Picciolo M L and Gerlach K. Median cascaded canceller for
robust adaptive array processing [J|. IEEE Transactions on
Aerospace and Electronic Systems, 2003, 39(3): 883-900.
Picciolo M L and Gerlach K. An adaptive multistage median
cascaded canceller[C]. IEEE Conference Proceeding IEEE
Radar Conference 2002, Long Beach, 2002: 22-25.

Picciolo M L and Gerlach K. Reiterative median cascaded
canceller for robust adaptive array processing [J]. IEEE
Transactions on Aerospace and FElectronic Systems, 2007,
43(2): 428-442.

TORAR, ARk, OBk, — R IMEGUBATI 2% (). V%
TRHIR 24, 2010, 37(2): 204-209.

Huang Qing-dong, Zhang Lin-rang, and Lu Guang-yue.
Minimum module value cascaded canceller [J]. Journal of

Xidian University, 2010, 37(2): 204-209.

9, 1977 SRR, AR, BT MRS AL, A
SRBEHY:. GPS 55 A B 5 w5

5, 1966 H4E, HR, WLAESIN, EEAGEENE
SRR BESIRETT AR 7 e SR




<<
  /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


