(At=5) Korean Journal of Optics and Photonics, Volume 23, Number 1, February 2012
DOI: http://dx.doi.org/10.3807/KJOP.2012.23.1.006

HIEHESE7|2 HE7{2| =EE 2.5 Gb/s TDM-PONO{|A
HAE Suto ost MSH= B4

R AAS AL AT AETRD F Ve Y AT
@ 305700 HH FAT 7HEE

(011d 124 59 W, 20124 19 269 SR WS, 20124 19 302 AR 2Hg)

256711¢] ONUE =83 50 km HFA S 2he A AT 453 8(TDM-PON) 30| J2 7| = vher] J5%
717t AEE et o] FEE7]9] o]52 25dB A dLYAT Wste] W o5 AFgAYAE AHEE A okokeh A Ha9
A FA7] W9 58 dB HaL, FE5E7| 2] Y5t 30 dBmel 24 P29 107 BERS $J3F =417 E & 25 dBm
Atk 2 AAZ17E -10 dBmel A HAE A Gof O3t F%7]9] o] 5 FEgTof O)Fh ZTHA AT 45% HIL o] & QI
25459 ofshe 107 BER o4 1.55 dBO] #QE|S SAAZTE 22} -15 dBm ©]3te] QlgzAolA: wdeE 2AZ
FEOR FA5] WobA A, @A troluty] W7t H4F -15 dBm 7AE RAE G o] o] ZAH 415 9| thouby]
191 50 kmol 4 A7 2] 123 7] o] 4o] T IARE A Ushe AT el WA SR BEE| 7t ALSE

Hehs PEE] oS AFEPYNE G Ao| BhHolA e ofujsitt.

The Burst Effect Analysis of 2.5 Gb/s TDM-PON Systems
Using a SOA Link Extender

Bo-Hun Choi'’ and Sang Soo Lee’

IDepartment of Materials Physics, Dong-A University, Saha-gu, Busan 604-714, Korea
2Optical Internet Research Department, ETRI, P.O. Box 106, Yusong-gu, Taejon 305-700, Korea

(Received December 5, 2011; Revised manuscript January 26, 2012; Accepted January 30, 2012)

A bidirectional TDM-PON link to support 2.5 Gb/s upstream signals of 256 ONUs was considered for an extended transmission
distance of 50 km. The power budget of the link was 58 dB for the upstream signal and a SOA was applied as a link extender
which had a 25 dB gain. Receiver sensitivity of the upstream signal was -25 dBm for -30 dBm input power to the SOA. When
the input power was -10 dBm, pulse overshooting caused by gain transient of the SOA was maximum at 45% and the signal
performance degradation gave a power penalty of 1.55 dB for 10"'> BER. However the penalties diminished rapidly and became
negligible as the input power went below -15 dBm. So this input power dynamic range of up to -15 dBm means that it is not
positively necessary to use gain control methods for the next generation TDM-PON systems.
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FIG. 1. A schematic of the bidirectional TDM-PON system with a link extender. OLT: optical line terminal, ONU: optical network unit.
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FIG. 2. Input and output optical spectra (inset) of the SOA link
and its gains and noise figures.

7, & 183 dol= Z+ZF 100 nm, 2.5 um, 18|31 350 um
ok SOA®] QRIS MAEL 1x10° o3 THedele] 7
291 confinement factor)= 022 AA| =it Aupz o2 o]
SOA7} 25 dB 0|5 27 Elgie] o] 23wt S0Ae] 7
= =4 grsol AEAE) sheslo] S43 UATHES 3
H3aholct. 17 22 o] SOAS ol §ato] ZHH 0|53}
AT 548 Holeth T Afolof Al T9E 574
= FoiA ARE AT AFE-YS A2 ofejE HAlo]
Yol % =Alo] FFH EY AFERO|: o5 0.8 nm
g ol HojFal Qlet. o] dt Ayt S¥S vlas)
o] dojxl 0|54 = 24T YRt ME FxR 25
dBE & WA QleE o & Ak F5A<(noise
figure; NF)= 7 A% 28 71A+=t] EDFAS A3 95
The 2 olARE SOAC A= A2 #de & =+ Atk
I3y Y4457} 20 dBmELH AAH o= :.E§l—7]— -1
7] AlAFstal SR E Sk Ae & 4 Tk °l5E
p7h dofut= -15 dBm A A A7} o FobAl=
L 2ATol5 gt Zefol= gho] FARE Mt 74
3 ol

ol TH7IE

Hgst o] Agat A5 HESe 58
& 29 3004 mo] FolA glrk. o)A ol g
OLTS] 4171914 4] 471195 e 1B, o)

£ 7} ONUOIA] 285t AL550] 64 3710} thAl 14 B
WS AR A2 ke A 2 ONU ABEe 54
el Blole) H=E F4x|m Zize] TDM AlEEL 879] 7k
EulESR TRE] Qe 2elx F1t F1ko] BATF ¢
£ T B 4 gl o) =S EEs A7
zrolt}. o] AE5o] OLT Yol 4 A%e ofrk5s} Fxmof

oJeiA ZH7+e] ONUe| sigtsl= 4% d& Zejdh I3

o4 1% defmi o]@A) 2ol A5E HolFn 9oy
o] AT B4 A7l EAjste AL o % Yt} o]
Al &% A3E BERTE A aldlo] ATAHSS =A%




(A= SIEAYSEZ7 2 ASAe d

SOA ZE7|= 83 347|2 2471 18 22] TDM-PON
Azgo A WA AZEE A Aot XA xEd o]
A AL Folshs Aolth o]F 9fa] Alzte] wE o5
HBlS 4ot 27, & HAE Gyl HashE 2o,
P32 430 s AP AAEh 1 At 1Y 49
Folx) g, of7]A *o FAT A5E 93 How slaHlE
L A7rE Jo g BER ZAo| oA 9tk 3lskAls s o
&WWOWWP%%lihl*%ﬂﬁ2%ﬂ%ﬂﬂiii
ot TS 9leiAl 14, 1284, 192, 2561 2] ONU
So] EE o] gH 0|4 ZAE 2 AT E0] SOAQ| ¢
ko] =23 u) FA|7] = BE ZFo] -30 dBm o]tk 1Y 4
ow:ﬂ4ﬂﬂchAl:§1uwﬂ4@%%EWiﬁsi
wVﬁmmzw%%ﬁ & A&7t 10 BER
< 7= 5ﬂ&@%ﬂﬂ¢i§EﬂJthdBmW
2po] 7} alequ Antqog AFist 10° BER
S 9814 -25 dBm 524 FA7] e TRE & o)= $

After demultiplexing -

5+ u -
0
Guard time

M v

Intensity (a.u.)

0 &

. | . . Befc|>re demultplelxing J

240 260 280 300 320 340

Time (ns)

FIG. 3. Bit streams before (bottom graph) and after (top graph)
demultiplexing.

—@— Upstream
® A —A— Downstream
4 |- _
o
— A =
<
g -6 — ) A —
0
oM B A 7]
8 |- b ]
A
» A i
®
10 A, —
L A 4
12 @
1 I 1 I-I I 1 I 1

-30 -27 -24 -21 -18 -15
Received power (dBm)

FIG. 4. BER curves for upstream (circular points) and downstream
(triangular points) signals in the link without gain transient.

= 2.5 Gb/s TDM-PONOJ A B~

l-O‘I
o
B{0]
Sid
&
|
b
f
ot
o
,t
>.
el

gle] sheglo] =
%EVﬂ%ﬂﬁf-J}ﬁiﬂﬂﬁM1¢ﬁ% w0 A
og) o ﬂ

kme] LA

%W%memwﬂa%MﬂWmE+mﬂ

Azglo] T AHGECHA, o] 2 oy BRoll gkl
A7 % ek
shepalzoh

TDM-PON A AEIo]| 4] A}3FAS.
2o g ZAfsk= Zlo] ofy et 7] =
0 ZA5Hs WAE EALS zhecl g4 293 3y
SOAZ} o] g HAE AlTof ofE =

QL 1 Al 2 5o FolA Qi) okt dE4ls 1)
Hof gt 9h-& Y] HleliAl, dE4lze] HA

ofgl 7o) ‘1’ HIE sjZlso] g 7N, F 7H, ¥l 7H, o| 7}
AT AW HESAARZE AS 270171 60 dBQI ‘0° HIE
=0] AREETH 114 Afolo) wigE FRE 7HHAL o] A
Al B sjeo] 17 59 Al 9] Lol AR A E o
Utk A o8 7Y ‘1 BEESY] o= sS4 7He] BIE
of sigEl= AIXE B AST AA Utk o= 17 AE7h
A7) Aol JFAlsrt gl AXRS F5s] gRshr] 99l
o, o] 38l HEEY T & 94 AVJ B A==
SOAS| 4% w|x 1“4 adtol| sligEl= HA Y &K pulse
pattern effect) S £ 3| A|#35}7] Hﬂol‘l}“‘” EZ HAE
Az ofgk %3%—7]—4 0|5 IH=-3H(gain transient)>
A3 A7]oll FEFE Hong thE AY 212 A
“Jefjoll Al ONUS] &8415.9] A|7]1E 273t SOAR {1F
= 484139 AI7|E -30 dBmoj|A] -10 dBm7}] F7HA]

— “10dBm[ " T T T

s 10 =

S L

>

= 05 |- .

@ 64 bits 4 8281

[0] r "

£ o0 U "

~ 20dBm " T 7T |

s 10 =

s | W

>

= 05

{ o

5 L

£ o0

~ -30dBm|| ! rr

5 10 = —

s | M1 ]

>

=05 - -

C

o & 1

£ oo [= P
L I 1 | 1 | 1 | 1 |

5 10 15 20 25 30 35 40 45 50
Time (nsec)

FIG. 5. Output pulse pattern of the SOA link extender in the
input powers of -10, 20, and -30 dBm.



10 g=ratelx] 423 A1, 20129 29

Zt o2t o Ao Al7] Hgks Al AL

oM dibx o dAstke dolBR, 3 2|7}

HAE Ao7F 2 HA e A
=

GAT 4 Gl s He

1I.

'é_ T
oL vkl a7 st dAlEe] w2 Aolg B
2t} -10 dBm YBA7] 2ANA A8 A9 ‘1’ ]E_
27| HEES] ZIHAZovershooting)o] A A=
o], 1 =27] M3k= FAQr0] gl B9 Al7Iek H]J_J’—;f o
21 45%9] Z71E ESth 1 H|EES Al Alolof A&
AR HIESS 71 ofgl H|EA 3 HIER Fadeys,
& HAE Al So54F o] 2R Are &
SAUth ol= 4T A HIES] 7t ZAHSpE SOA9] o]
A o[ JR|EY Atolo] WA¥SH= Wx=HE(population inversion)
Hl&0] WP} ofsly| mjitolt Y. slxgt 18415 7] 20 dBm
oje s HAE A% o3t A gf=fo] WA ] Fojs
31 -30 dBmO] YA 7| M= BAf o] FAG 4= QU=

09 5] Ak WAE Aol ol BAAEE AAE
Zh Hoj=a QIAE, o] o= H=E BER ZAolA AlTA|
7o) a2 Agsels Aol Wasich ol Hersel]
SIAE MAE R} ol Aot G A9
o] difolm o] oA 7Hs3t the 22 FYs)
3 9] Ik o1 9l HAE qlool vEE
o xzZz|9lE H|E(preamble bit)E H7}Jct o
ESo] gow, I soA ogife] ‘I’ HE szl Fof Al
HHoR Ho Y= WAST 2ol ZBAATOA A5
2o} MAE BT} gl 497 E Aol Zelglto] glo

W AE Gil SejsiE Rolth & s wEe] §%

£ 3ol MAE aapt ole A} gl A9 A5deS
HlasHA gt 71 A3t 19 60 FojRink Ygilne] 3
 TA|7]= <10 dBm ©]¢l1, "lo]el H|E ¢ko] ZaoE n

E9| 52 Y(zero)oll A T MY S7IA 7 WA TS %
S w U] HE ool La|qlee] HE =5 ZTIAA
= AZ Aol A7 ATk whebd gyl
7P 2 ARl Tl gl A (AaE H)et Zale
o] Yl HEZ} Eoj7bA WAE F} O e A4S
(A7 A)e] BER 341E wlatsl glc, 10° BER ZtollA]
HAE gifof] 9st Als ofs) A== 0.67 dB A5 9dEl(a
HE F3 glon, 10" BER o] 1.55 dBO] AlE A7
HE|b A7t HAE Fabol| ofa WA AL olstich

a9 63 2o Hm AP Y 4159 A7]E -30 dBm
oA 5 dBY 22| WA AAste] YPAFL] Aj7|o| wtE B
~E aa] o3t AE A TS A} stgick 2 A3}
7} 2 79l A= o] °1Ltﬂ 9% %S 10" BER ZHoA¢]
TYEE, AHzhee 107 BER oAl sidel S vehd 2
ojn] 423 Z0] 4] -10 dBmof| th-3-E= R 113 6914 o
A o]l EAE ACE a¥T bHS T IoA o] Mol A
2 e AHE el Aotk diks SOAZ:= 3 g
A7)12 Y= 4159 4717} -30 dBm H-E -15 dBm7HX]

it
o:

d

Z
[>
i
ol
i)
X

0_1..

>
oot
lo
_>|.1_|‘
ug
(¢}
=
9

[He HAE A%l o3t dsotshe
o 4 Qlek ey f4¥AE) -10 dBm
AR 1 OWOM& HAE 537} gl
Sl ek o] Lo ofm
Alkel 0o HF2 S TDM-POM A|2Elof A B A
ATE 93t o5 T3 (gain transient) S A5t A
A7} et stejeie Aodsol A fAlEE ggale
o] tolube} W7t 223t -15 dBm 7= BAAETR: Ae
ofulgitt. ]ar ofefgh tholub} Wej= 4F# 2l GPON
(Giga-bit PON) AJAHofA] AWFAOR @7 E= QAR
I A7 A oJuizi web #a 32707} A

[mrlr o ro & rff

-6
L Four preampble bits
A -V -
No preamble
8 |—
S _
b -0
m
-12
-14 L

Received power (dBm)

FIG. 6. BER curves (inset) caused by the burst effect with and
without preamble bits when SOA was used as a link extender
and input signal power was -10 dBm.

2.0
| —@—BER@1e-12 i .
| —9—BER@1e9 ° d1s5 =
. (]
aG:)
B T (0]
®
— — 10 >
Ne]
>
L — o]
M 2
= Ho5 @
(0]
| i o
o
,__'g’év 0.0 %
N o

| | | |

-30 -25 -20 -15 -10 -5
Input power into SOA (dBm)

FIG. 7. The power penalties caused by the burst effect according
to input power varation.



(@ WHeA S5 2 0572

£ A4 TDM-PON A 2gellA] 527]9] o] 25277
of Abgo] Bialel AL ohn, Hac) A% AAE B
A MAE ke FAE S gl ojujaith slie]
o=, o ARS AFLES Aolo| wel G2 woelet
olEick & Sof AT 10 Gbls AR HAE A5 7
9, F2709] o]5 B ge] ot A%
shelo] ol5 AFEY Xl Wage Axelet ALHA
g Bk TAA e The =Ee B wsh] =k

mza £

7} 2.5 Gb/s tH 321 2567]2] ONU 2HE] L2 AlEe o
Z231E ATER o]Fo]A AFBFAIZ O} 10 Gb/se] 3F3FAS
£ A|YshH 50 km oo} 11 AFAR7} 7hses, €A
717 AgH FHF MRS 5 FH(TDM-PON) =
7b =ik o] §39] FAZ A7] W= shFAlToll=
55 dB, AA T tsiA= 58dBYATE ASF A& B3 3
7125 25 dB o] 59| HH=A|E-5327](SOA) 7L AHE-= itk
SOA=Z9] JA|17|7F HAE a7 FAIE 4= 9l -30 dBm
Qg x70)4] 10° BERS I3t 4241705 -25 dBm %It} SOA
29] g AZA7]7F -10 dBmQl - HAE A= QIgh
ZZ7]9] o]& =3 H(gain transient) GI}Z Q3] 2|l 45%
9] z 3} A9 2H(overshooting)©] YT 1L} JHAISE
7} -20 dBm oJstof A= T}Z‘. 5] ZojE3it) o] I g
o5t 413452 o}sk= 10° BERS $I8)A1= 0.67 dB, 12
31 10-12 BER 2 YaAE= 1.55 dB] Als Al7] HldES
SPYAZTE TElL JHALESE 10 dBm of3lel A o] 3]
dE7} §43] EolE501A4 -15 dBmojA= 21l 0.2 dB m|Tt
o|aL 71 oJslR= HAE AlFe| o3t 4T oo Tk
ol AIRtE Fx90] = 24EH TDM-POM A|AHlof 4] 1
AE XS E 95t o]5 #=-3H(gain transient) & A=
A7} Qo shejehe A5 Aol QHak SAEe
A3 9] tho|ubd] B9/t 2| A3) -15 dBm 7HA|= HAME =
Ag ofugic.

aAe| =

AShe] i) 219 (2010-0007718)

References

1. N. Suzuki and J. Nakagawa, “First demonstration of full
burst optical amplified GE-PON uplink with extended
system budget of up to 128 ONU splits and 58 km reach,”
in Proc. ECOC 2005 (Glasgow, UK, 2005), paper Tu 1.3.3.

2. P. Ossieur, C. Antony, A. M. Clarke, A. Naughton, H.-G.
Krimmel, Y. Chang, C. Ford, A. Borghesani, D. G. Moodie,
A. Poustie, R. Wyatt, B. Harmon, I. Lealman, G. Maxwell,

2% 2.5 Gb/s TDM-PONOJA B2

10.

11.

12.

13.

14.

15.

16.

. M. Rasztovits-Wiech, A. Stadler, and S. Gianordoli,

= fvfo] o3t ATYT BA — HuE - o4 1
D. Rogers, D. W. Smith, D. Nesset, R. P. Davey, and P.
D. Townsend, “A 135-km 8192-split carrier distributed
DWDM-TDMA PON with 2 32 10 Gb/s capacity,” J.

Lightwave Technol. 29, 463-474 (2011).

. T. B. Gibbon and I. T. Monroy, “Multi-level burst power

transient suppression using semiconductor optical amplifiers
in gigabit access links,” in Proc. ECOC 2008 (Brussels,
Belgium, 2008), P.6.13.

. ITU-T G.984.6, “Gigabit-capable passive optical networks

(GPON): reach extension,” Mar. 2008.

. K.-I. Suzuki, Y. Fukada, K. Saito, T. Nakanishi, and Y.

Maeda, “Burst-mode optical fiber amplifier for PON appli-
cation,” in Proc. ECOC (Glasgow, UK, 2005), Th 2.3.4.
“Bidi-
rectional EDFA for future extra large passive optical
networks,” in Proc. ECOC (Cannes, Frances, 2006), Mo4.5.7.

. C. Antony, G. Talli, and P. D. Townsend, “SOA based

upstream packet equalizer in 10Gb/s extended-reach PONs,”
in Proc. OFC/NFOEC (San Diego, USA, 2009), OThAS.

. S. Pato, R. Meleiro, D. Fonseca, P. André, P. Monteiro,

and H. Silva, “All-optical burst-mode power equalizer based
on cascaded SOAs for 10-Gb/s EPONSs,” IEEE Photon.
Technol. Lett. 20, 2078-2080 (2008).

. R. Bonk, R. Brenot, C. Meuer, T. Vallaitis, A. Tussupov,

J. C. Rode, S. Sygletos, P. Vorreau, F. Lelarge, G. H. Duan,
H.-G. Krimmel, Th. Pfeiffer, D. Bimberg, W. Freude, J.
Leuthold, “1.3 / 1.5 um QD-SOAs for WDM/TDM GPON
with extended reach and large upstream / downstream dynamic
range,” in Proc. OFC (San Diego, USA, 2009), OWQI.
Y. Liu, C. W. Chow, C. H. Kwok, H. K. Tsang, and C.
Lin, “Optical burst and transient equalizer for 10Gb/s
amplified WDM-PON,” in Proc. OFC (San Diego, USA,
2009), OThU7.

S. Appathurai, D. Nesset, and R. Davey, “Measurement of
tolerance to non-uniform burst powers in SOA amplified
GPON systems,” in Proc. OFC (Anaheim, USA, 2007), OWS2.
B.-H. Choi and S. S. Lee, “The effect of AWG-filtering
on a bidirectional WDM-PON link with spectrum-sliced
signals and wavelength-reused signals,” Opt. Comm. 284,
5692-5696 (2011).

H. H. Lee, S.-H. Cho, and S. S. Lee,
intensity noise suppression of 100-GHz spectrum-sliced
WDM-PON with a narrow-bandwidth seed light source,”
IEEE Photon. Technol. Lett. 22, 1542-1544 (2010).

R. Sato, T. Ito, Y. Shibata, A. Ohki, and Y. Akatsu, “40-Gb/s
burst-mode optical 2R regenerator,” IEEE Photon. Technol.
Lett. 17, 2194-2196 (2005).

H. Buchta and E. Patzak, “Analysis of the physical impairments
on maximum size and throughput of SOA-based optical burst
switching nodes,” J. Lightwave Technol. 26, 2821-2830 (2008).
J. T. Ahn, H.-S. Seo, W. J. Chung, B. J. Park, and K. H.
Kim, “Characterization of an ASE reflector-based gain-
clamped erbium-doped fiber amplifier,” IEEE Photon. Technol.
Lett. 17, 555-557 (2005).

“Efficient excess




<<
  /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


