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Abstract An adaptive blind equalization is a technique using to minimize the Inter-symbol Interference occurred
on a communication channel in the transmission of the high speed digital data. In this paper, we propose a
blind equalization more improving performance of the conventional MSAGF-MMA adaptive blind equalization
algorithm by applying a multiple step size. This algorithm apply a LMS algorithm with a several step size
according to each region divided by absolute values of decision-directed error to MSAGF-MMA. By computer
simulation, it is confirmed that the proposed algorithm has a performance highly enhanced in terms of a
convergence speed, a residual ISI and a residual error and an ensemble averaged MSE in a steady status
compared with MMA and MSAGF-MMA.

Key Words : MMA, MSAGF-MMA, multiple step size, decision-directed error, ISI

.M 2 A(Inter-symbol Interference) &7} thiFE k. o] &)
2 s 99 B S0 stz Y S5 PEe A
2], A A B4l A2l A o gehi=t] Azt kel g S4o] Waks AdelE A
A% = vk AR Al o3l op| I AE I S S8 /e Algsta gtk B3 Asde] £4 o
A9, GAedsln AREA TSI} Received: 19 June, 2013 / Revised: 20 July, 2013 /
AUzl 201349 6 192, ASE - 2013 79 20 Accepted: 16 August, 2013
A LA} - 2013 8¢ 16 "Corresponding Author: yhjeong@nsu.ac.kr

Dept. of Information & Communication, Namseoul University,
Korea

- 83 -



oE 28 37| LMSE 0|8 MSAGF-MMA HE Z2IRIE S3te| &5 M

(training sequence)s &3l 53171 AFE 2438 Ul dug)Ee We FEEES 7R, =38 CMA(Constant

olf| 2]& S3Hdata aided equalization)9= 2] $41  Modulus Algorithm)olld &7-5E ¢4 % 94 29 &
H A3 BAAH EAT FA AEers 0] 83 vy 2 (phase-recovery device)S L &= AHS 7P
A7) (nonlinear estimator)Z AR&38lo] QA5 4} MMAS] & A dugze A (DI} 4 ()¢} 7to)
€ A& ET9E 53 7ol dy ol &FaL gith & Atk

A& ol 53 7 oW 53 v s
AHSIE VIR FA7IE ARl TR 24 AL ¢ (n+1) =ep (n) — pya(n) (45 (n) =73ps) 7 (n)
S5 ¥ A Aol ALgak=rtol wﬁ‘r 1Al g )
A "tk A& BeRl= 531 72 Satorh A<tet
RCAT 415 vl Godard 1 4544 VA <12 e; (n+1) =c; (n) =y, () (5 (n) = i) 7" (n)
2@ e A7) o] FolA gk 1% MCMAP'gh @
MMA"Ph= S3tel 9 B2 FAd] Yahe dae]
Fo2A CMAY G4 B3 dagsos deix 7| RI} I= A AR} F5 ARS 247} )
o It E AS BRI T3 7HlA dee dnt BRI, e(n) = ey (n) -+ ey, (n)]7 & 53] A5 W
L owkE A 2o

H 548 7HHA el
Ae7ts 71t ool A =
olE 1 BFE WEAT)Y] 913 dare|FERA olF
53t 2y Moy spa 29 =2
7)(variable step size) LMSE %88+ o ue] 5oy Ao} 5 RS Uehiie, A5 35 vl A ©)
Zo] A% AL 9d AFHolA] gt o=
H =EdAE MMA HEl ¥ $2 35S 7=
MSAGF-MMA"™3} AAA & o apo

re

]
bz = o= /\EQJ A7) (multiple step size)E 7HA
s [e]

ELMS 2ugEe 289 1 gels 3 dug o714 El« ] BAAL 71EES, me QAM A~

9 AQkET) Aok dngEe e dndFsd "o AR Eﬂ%l«l 5 Uehi:

njaate] A4 o me FESEE U R 4

oA ZF A7k HF 2 MSE 93 gto] WS- #e

P Aes MRS agkstglh IIl. MSAGF-MMA(Modified Stop—and—Go
£ —‘5‘5’_—91 e 2%}01]*1 MMAE A&Eshat, 384 Flagged MMA)

OZi

71 LMSE 7}%1 MSAGF- MMAE Hg?zr:} MSAGF-MMA" = MMAZ 24 A 8K Decision

8 3
|
AN AFE By Arg Foho O H¢ 2k Directed) QIIZO 9% 24 94 PEE 22} vl
Hl
e

K

= duFed ARk dadEde 4o ¢ afo] F37F MR 2o T, o2l 0s 7= o] &
Agitt, mpA ko 2 6ol A AES Wit g i f]l[SAG,H(n) ¥ fAJSAGI(n) & MMAS®} A3t &
agFolt) o] W2 Stop-and-Go €1ElES MMA

H

o e AoR UL AFA U= FA oS 7 A
II. MMA(Multimodulus Algorithm) o AFeorN 58 EAT Al A o3}
EqolAe] 452 FyAATh
MMA= RCASH CMA®] A< st shaelse MSAGE-MMAS®] & 7320 & 4 ()7 )2 vhehd
24 OMASH B0l 9] AH8Ha 9 el of . o



20134 8¢l

=2X| M13H M4s

CH(” +1)= CH(n) K fMSAG,H(n) eMMA,H(n) 7"*(”)
4)
= 1tf asac 1(”) €A, 1 (n) 7'*(”)

)

c[(n+1) =c[(n)

A7 1 FHT frmacr(n) # fasia (n) = 5
A O3 (= Ao,

[e]

if sgnle \L\IA,R(”)) = 59”(€DD,R(”))
0 if sgn (6 MMA.R (n)) = sgn (EDD‘H (n)

(6)

f1[S4C1?( ) {

1 Zf sgn (Q\,{AL[A_I(TL)) =sgn (epj)ﬁj(n))
0 if sgnley, (n) = sg’rL(eDDJ(n))

Tusac.r (n)= {

@)
A7 sgn( - )&  signum  FFE YERH,
ernmr(m) 8 eppp (n) = MMA®] @2 A5 s 77}

YERATE e, (n) &k epp ()= 2 (9)7 (9)9F o]
AR (Decision-Directed) ¢1g]5e] AFR9l 54
Hol o AT RA Yot 28T Sy 2Ee 22
dojr),

e ppr(n) =yg(n) —ya(n)sgny,(n)) ®)

epps (n)=y; (n) =y, (n)sgn(y,(n)) ©)
V. ®detst &na|E

LMS OL"’E]ZOHH 28] 7] 3 o Skol 9

= A3 el (steady -state) ol A
it & 28 A7) gs 2
i Ak AAH, Wi 2~
FH S =oAH A
2oz ol olefd v

S THREA Sl B

=

Ex
= =

e A EE LMS SagE9

t}ol

2] A H)

3 =

MSAGF-MMA"e)| ¢t

7] pakE AHEEE LMS s ARSEE | 8
2 iAol A A k] A7) # lepp(n)] & olE
ato] gallzl Mol whek 28] A7) puypy oy WO A

A5 4F 29 27 LMS Sne 3 A4 48
s

9o 2 A% oAt A28 uln) 1S A
Ak 71Z0R Sgor, 1 93 27 ol ek of

MR o] ZH Mol 501 & wjoll A el wel Ay

22 2] gy oy B2 A% A4S B NS

RER=3
w(n), S ppopy ooy, B A A0)NA 9 22 24
HEE S3to] AA ¥,
pyo if ‘eDD(n)‘ = A
e Of Ay < \eDD(n)\ <)\
p(n) =4y if A <lepp(n)] <X, (10)
/j:k if lepp(n)] < Xy

<A =1 =3
21 D= 4 (12)<F

A7 0 < N_y < Ay < oo+
AQret ekarE]Fo] | Bl A
q o] ge},

A

1—0]

—p(n) fMSAG.H(n) eM/lJA.H(n) 7'*(”)

(1)

egln+1) =cgln)

= CI(”) —p(n) Tasac 1 (n) € A, 7(n) r'(n)

(12)

c;(n+1)

- 85 -



Ots A8 37| LMSE 0|8

st MSAGF-MMA M3 E:2I21= §5t9

0x
olr
~

z

Srsic (s Frsac (M)

€1ce 2 (1)s€1000 1 (1)

a3 1. FMotst ¢me|Ee| My SEX
Fig. 1. A block diagram for the proposed algorithm

Aeet A& Bl S8 dae]Fe] A
duE|EH Ft vlusly] 9% Hew F3h
Ao A7 AE7F M (residual 1SN G35 Hit MSE
& A& S8 299 AR AET TS v
3} e 2 130z Aoju

= h(n)®c (n)|2]—|h(n)®c*(n)\2,m,;,.

1ST=
Ih(n)®c (n)

2maz < h 77)9 c (’ﬂ)oﬂ 3t =AM

& 7kl 7P A Aozkeld
B MSEE & 4] (14)9} o] e,

>

3
o

0*

MSE(n) = Elly(n) — a(n)|?] (14)

A7 y(n) & 53] F8E, a(n) e 55 A=
kol

a(n) 9] F4gkelch

SI1EE T3719 T4 "ol 1450, T4 He Al
9& BE "] 045002 27|88 152 | Zo|
£ 74 & #ck(transversal) 2H 7329 B4 5315

ALkt 2o AH L 256-QAM A E S o= (1
oA o] &3t Ao st dassrt. 1¥ 201]/‘1
256-QAM A1zl tiaf 1003] 2] Monte Carlo =3<

4e dB2 vehgen, ol
SNR=40dBE 8}tk MMACIA m =8, %, 7 2]
el Wt 15222 st e, A4l sl AE Al ¥

He ZA7E +1,43,45,47,..,£ 15 @& /=S
SEAATE 228 A7] g g, py, W_S 2A8E Fatel 7t
I I Y Smoh APl 42 A A
S TS HE e A8 Fdte] el

E3lo] MMASA p=3.0x10"%

2, MSAGF-MMA®IA p=8x10"°& A3a}qich 12laL
A daFelld = AAAF oAb A7l wh
A =1, A, =07, A, =05, \, =032 3} F7H& 57)
2 upro] Aol ofe] 23S Tkl 27k 73t
e} ARRE FAEE 104 gy = 2551077, py =2x1077,
fy =1X1077, p, =2x10°% | g =1x107°, AHeF dan

25 20014 g =2.5%1077, g, =2%1077, py =1x1077,

g =5%107 8%, p =2x10" ) 12|31 Aok dare]E 3004
fy = 2551077, gy =2x1077, py = 11077, g, =3%10°%,
us =1x107° 2 Aty 28 2= 4 dugEel ds)

5

=
A 3000078] WSS AP e AL PP B

ER==1

AR 4 ARE vlaste] Lehn.

1 MMA

MSAGF-MMA
Proposed Algarithm 1
Proposed Algorithm 2

Proposed Algorithm 3

151(dB)

25}
30t
35}
40

450 KV:‘ 2

50 I L T 1 I
0 05 1 15 2 25 3

Numbers of lteration 10"

a3 2. 256-QAM S0 et Aas BaAe A= 2
Hlw

Fig. 2. A comparison of an ensemble averaged
ISI for 256—-QAM signal

7 204 HolZo] MMAE 3422 170003 4
L9 HhE sl A -269dBS] ISI #hs, MSAGF-MMA

= 80038 Gre] w34 A -37dB AES] ISI #h&
7HAH o dEE Belh o]9f HlusA Aket Ul
Z5s Ay rH Aokst duE 18 256-QAM A E S



2013 8E Sr=QUEUYS

=2X| M13H M4s

S3late=d] 60003] AL WHE3ISo) A -436dB A%
o] ISI gk, AlQkeh daie]E 2+ 83003] Ao vk
TOM -466dB =9 ISI kS, 18]ar A|eket ¢
+ 100003] G =o] WHE 3140l A
_0_ 7}-x]u:] XJA]—/}DI—Q]% 3}
o] o] Aetat %ﬁﬂ% 19] 4
BUE 167dB o] &&
Bz 66dB © 2 1S %k% 7S 4 4 Ak Aet
3 dugF 29 A9 AASEAA MMA HuE
197dB o 22 ISI 342 7HA™, MSAGF-MMA H.th=
96dB ©] 22 ISI #& 7S & 5 o v e g
Aotk darg]F 39 A9 e MMA BHobs
21.1dB ¢ 2 ISI §k~ 7AW, MSAGF-MMA H.th=
11dB t] 22 ISl #t< 7He & & gink skl 738 &
THo A B Aeket daE]E 19 49 WHE31S 6000
3] Axol A FHRE E0)7HA == ol MMA Xt
110003] A%, MSAGF-MMA K.t} 25003 A= o
2] GAgelel] o7 ok Akt daElE 29 45
ol WHE3lS 103003 AEE MMA Hroh wkEsla
67003] A=, MSAGF-MMA Hth= 2008 A% o e
A o] E07tE AL & 4 otk Aokt gl
29] 79+ W34 100003] == MMA R} 9He3]
= 70003 A= wEA, MSAGF-MMA it}h 15003
e =g A A Eote s B

|

o,
k1
o,
@

3}

A
T

& Hlth a9l B
F A dEM MMA

= = o H— - bl
TR P g e A SR ] A
3} olo. o 3lolglyd

304+ 1003] 9] Monte Carlo +3<& £3)] 48
T MSE(Mean Square Error) o ts 2=
2 dBE JERAITE 19 3904 MMAE
170003] 2] wHE 3150l A -52dB2] 1 MSE &
weltl, MSAGF-MMAE 85003 Ao HhE-3]d=of A
-129dB A=9] HF MSE #& 7 A eE 19l
o}, olo} Blara|A Al¢tet darg]E 1014 60003 4=
o] HkE-gl oM -145dB =] Hit MSE #2, Aot
3 duEF 204 83008 Aol wHE3lglA
-15.1dB A%e] Hyt MSE g2, 283l Aeker darg]
& 3ollA1= 100003] F=e] vHE 3140 A ~155dB H=
o] B4t MSE #h& 7HIHA AddEE fAdE Bel
=

0 \‘ MMA

MSAGF-MMA

MSEi(dB)

Proposed Algorithm 1
Proposed Algorithm 2

Proposed Algorithm 3

. L . L L
0 05 1 15 2 25 3
Numbers of lteration X 10t

J2 3. 256-QAM S0 chst Y= HaAst MSE H|w
Fig. 3. A comparison of an ensemble averaged
MSE for 256—QAM signal

JZl 4. 256-QAM AlS | CHst &
(a) S8t & (b)
(d) ®|orst °’_'EI§
Fig. 4. A constellation for 256—-QAM signal
(a) Before an equalization (b) MMA
(c) MSAGF-MMA (d) Proposed algorithm

MaFE
MA (c) MSAGF-MMA

a8 4A = 256—QAM AsE el S
o 3} ZM 3t Fo N AE Btk 1 4-(a)=
53t dol M5 L}EM Zolal, 17 4-(h)= MMA
9 53 ¥ AsHds vehd Aotk 19 4—<c>—L—
MSAGF-MMA®| 53 § Aails Jerlela,
4-(d)= A daE|F o2 A AQMe daE|E 194 %—
3} & NFHE eI 2 4ol AHe daEE
o] MMAY MSAGF-MMARUT §318 N3-S ¥4
g ghel & 4 glglon o) 2 A =t

a2 T1w 2
gl Slo] e7E AA & U Qv

- 87 -



Ots A8 37| LMSE 0|8

5t MSAGF-MMA XS Zalol= E3510| Ms M

V|_ 24 E

=

o

B =Foll A= MSAGF-MMAC A48 @ahe] =2
710l wheh of ] 7je] kg AAgska Ztzke] kel
AAF 2 717k o] & v Rivie} e

W N

g 2718 @99 v 25 2718 7 E LMS 2ae
S5 ¥ A Aol AEFo2A Ass A NS A
S EERIE T3 dugFE Agsich Aoke darg]
=2 MMAY MSAGF-MMARTH 84 e FH4ss
2 7}, MMAY MSAGF-MMA Rt A2 o &2 A4

2
el Ao 2 oAt B AA P ATIEE
QHEIQITE AFFH RoAES Bl 256-QAM A|2El
oA AAFE R 7 LA Aokd duEE |
3 vuges W MMARTH 2834 T wgkon
MSAGF-MMA%}H= 1384 ©] wehth, MSAGE-MMA
o} 5L -37dBY] ISIe Z=gsh=u] lojA= 2300 4k
5 FAE mES Belvk ghd A/ el o] ISI 7k
o A+ g 10] MMAT MSAGF-MMASH H]
wate] 247} 167dBS 6.6dB A= O Aokt G 3

=

o MSE & ARk <aels: 1o MMAY
MSAGF-MMAS®} Hlusto] 242} 9.3dB<} 1.6dB 4= T
QAT o)) Zo] FHEE} F AET TG 1
2]3 W MSE 365 T3ato] & of Al dagf&
o] MMAY MSAG-MMAS-9] ¢ BelolE 53 ¢
g& s A MABIAES Eld & dNeH,
53] 3 SEd AU A7 AET 1M Gl A Y o
L Zo 293 glo] Hol AeS 7HS eIttt
Reference

[1] Y. Sato, "A Method of Self-Recovering Equalization
for Multilevel Amplitude-Modulation System,” IEEE
Trans, Commun., vol. COM-23, pp. 679-682, Jun.
1975.

[2] D.N.Golard,
Carrier Tracking in Two—Dimensional Data Comm.
Systems,” IEEE Trans, Commun., vol.COM-28, no.
11, pp. 1867-1875, Nov. 1980.

[3] KN. Oh and Y.O. Chin, "Modified Constant
Modulus Algorithm: Blind Equalization and Carrier

"Self-Recovering Equalization and

Phase Recovery Algorithm,” Proc. 1995 EEE Int.
Conf. Commun., Seattle, WA, vol. 1, pp. 498-502,
June. 1995.

[4] J. Yang, J.-J. Werner and G. A. Dumont, ” The
Multimodulus Blind Equalization algorithm,” in
Proc. Int. Conf Digital Signal Processing, vol. 1,
pp. 127-130, July 1997.

[6] J. Yang, J.-J. Wemer, and G.A. Dumont, "The
Multimodulus ~ Blind  Equalization and its
Generalized Algorithms,” IEEE J. Selected Areas
Commum., vol. 20, no. 5, June 2002, pp. 997-1015.

[6] V. Weerackody and S. A. Kassam, ‘’Dual-mode
type algorithm for blind equalization,” IEEE Trans.
Commun., vol. COM~42, pp.22-28, Jan. 1994.

[71 R. A. Axford Jr., L. B. Milstein, and J.R. Zeidler, "A
Dual-Mode Algorithm for Blind Equalization of
QAM Signals: CADAMA,” Proc. Asilomar-29,

vol.1, pp. 172-176. 19%.

[8] L. M Garth, J. Yang, and J.-J. Werner, "Blind
Equalizations for Dual-Mode CAP-QAM Reception,”
IEEE Trans, Comymun., vol. 49, no. 3, Mar. 2001,
pp.455-466.

[9] K.C. Hung, D. W. Lin, and C.N. Ke, “Variable-step

multimodulus ~ blind  decision—feedback

QAM based on
in Proc IEEE int.

—size
equalization for high-order
boundary MSE estimation,”
Conf. Acoust. Speech Signal Processing, vol. 4, pp.
881-834, May 2004.

[10] K-C Hung, D. W. Lin, “A Hybrid Variable
Step-Size Adaptive Blind Equalization Algorithm
for QAM Signals,” in IEEE GLOBECOM 2005
proceedings., vol. 4, pp. 2140-2144, Dec. 2005.

[11] D. Ashmawy, K. Banovic, E. Abdel-Raheem, M.
Youssif, H. Mansour, M. Mohanna,”Joint MCMA
and DD blind equalization algorithm with
variable-step size,” Proceedings of 2009 IEEE I
International Conference on Electro/Information
Technology, pp. 174-177, June. 2009.

[12] Y.H Jeong, "A New Blind Equalization Algorithm

- 88 -



2013d 8E SH=QIEHINESELSS| =2X| M13E M4s
with A Stop—and_Go Flag,” The Journal of HXE AN
Information  Technology, KIITI, vol8 No.3,

A2 Y)

pp.105-115, Sep. 2005.

[13] O. Shalvi and E. Weinstein, "New Criteria for
Blind  Deconvolution
Systems (Channels),” IEEE Trans. Inform. Theory,
pp.313-320, March 1990.

[14] J.R Treichler and B.G.Agee, "A new approach to
multipath correction of constant modulus signals,”
IEEE Trans. Acoust., Speech, Signal Processing,
vol. ASSP-31, pp.459-472, Apr.1983.

[15] Z. Ding, et. al., "IlI-Convergence of Godard Blind
Equalizers in Data Communication Systems.” IEEE
Trans. Commun., vol. 39, no.9, pp.1313-1326, Sep,
1991.

[16] G. Picchi and G. Prati, "Blind Equalization and

Recovery  Using "Stop—and-Go”

Decision-Directed  Algorit] IEEE  Trans.

Commun., vol. COM-35, no.9, pp. 877-837, Sep.

1987.

of Nonminimum Phase

Carrier a

”

oft

C AE X

|

1984 29 1 As|cheka QAT
(T

<1986 29 1 As|chek AAE e
dekel EU(FSHAD

- 1998 29 1 As|cheka ATk}

osel 413D
L1949 99 ~ AR g st
AREATA} 35

B, AeAEAY, 2rfEIEE>

st A-X|Ed(of Qs ATEUS.

-89 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


