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Ground-based Space Surveillance Rescheduling Based on Ant Colony Optimization

Yan Qingqing', Shen Huairong®, Shao Qiongling®
(1. Administrant Brigade of Postgraduate, Equipment Academy, Beijing 101416, China;
2. Department of Spaceflight Equipment, Equipment Academy, Beijing 101416, China)

Abstract: In order to solve the disruption problem caused by resource fault or resource failure due to weather or power
supply in scheduling for ground-based space surveillance, a rescheduling model was constructed with the optimal objective
which was a weighted sum of disturbances as well as integrated priority of failed demands. Through the disturbances metric
in the rescheduling process, a rescheduling algorithm based on disturbance neighborhood searching and ant colony
algorithm was proposed. Through the algorithm, two pheromone matrices were used to generate a feasible solution; local
optimization was adopted to improve the feasible solution in its neighborhood; then ant colony algorithm was adopted for
global optimization. Experimental results from simulation of resource failure showed that the proposed algorithm was

useful and feasible.

Keywords: space surveillance; rescheduling; ant colony optimization; neighborhood search

0 35

2 [A] H e A0 A S8 R K02 b o A A 34 1Y) o 22
F-Be U, 3 ) A RE 0 R ) A R
M AR % U A B 1) A 29 B 25 AN [R] 1 M AT 45 A O
W ) H AR F R AR A A H kR AT 2% BRI
L JRE v R PO IT 9T 2 A o 7 0 T A R R M 4 Y
BAAS S A8 VR HEAT B A AT S5 B KR B R, 7
SEBR S e H bR AL R A, S AR T R A2
AR TR W IS AT IR BT B 7 SRR A AN
AR 43 BUA T R A, R N SO I AT 55
F2% 8] bR AT e DR G e 2 W VB, 5 A AR R T I
(BN = A — AN B T 58, DA 2 B & ST 52
M) (4] AL 5 SR BT A9 213 A2 o

SCHR [6] 75 X AR 7R G 1 BF 5T b ¥ T
(rescheduling) & X 4« ST ELA 1 A2 7= 1F K LA e By
el A AR Bl . H U R S SR — A A R
PR FB4y B AN A RS TR R 3 R0, bR Uy

s HHEA: 2015-11-18; f&E BHR: 2015-12-26

20 A A R (ST )« R T R
0K 5l U R R A R U A ik, Sk
[ 131415 576 75 28 0 JE RS & o5 s B i Sk etk L
K S FE R 7, BEFT T A TE) B bR A )
JEE ), AHIX 2 B 5V S R B e sl Lk A
FE R AT 55 oL R I o

PE S 2 R R O R A, R Ak
RV E T8, AL T BLR MU SR 25 A L 5E i
ANFOFE Bl f5e /N A H AR ) T LAY, RS
(R HEA B tH— I TP 2 AR S48 R I WU 5%
EILRW, S PTRUE BIAAE A% () H bR M L I A
W RA R AT
1 ZTE EfirEENEREER
1.1 o] @4k

FENIME T AW R B M, ;me[l,N, 1} Y]
G E T EHR A — 4T RIS AT S, BT S
R EINE A = AT (I R U N R G /T N

fE&E . B H (1986—), 95, MR, fEE M, AdiaiilH ke bl m i AT 9T .



D Ex Qo

{Type{‘“‘a,Typega‘“,--- ,Typefl”“’}m v A A (B I
AR A E™ L F R RS A DR WL L B KRR T)
B 7S, ) S LY {5 e [ N1 S M R I o
AT AR s {050 e[, N, 12— T Z AL
() F b o T8 S i A R ) 8, mT LA B — AN
CR RN 1 NS N I Y SR N T R R D iV
kR, RIS R B2 T % Pos

2 1) s b 5 M R o 1 A S 3 A
Y8 2R 2 g Yt I B H A Dt DR 3 350 ) 9 AN T D
E54E N (R SUE S A AT 55) LA 1] H AR
AR A AHNS IX O ANHA i AR R N, 80 A
Jo B R 3R Sy — AT 06 I A SR TG R R TR,
SO DL I R S AN A Ay Al e T () St
RUFARBEAT O . B EEI GG B 20 4 JA 3l 5 R R O
BCECHE TRAL S, G IR BT 2 BRI ) 46 1 7 AN
e A T E Py, WOKG Po P CLHRAT 3 40 R R AS A
ST ST S 4 W R J IR 0G 7 Atk By AR
AT S5 0] H bR . R DA A W & 1 SR 4R
B H Ny« Ny« Ngv Ryo

“R ) H s b S R T 18 32 )R] DA A Ok 7
W06 7 %8 B, (KRR b, % 5 2% 1) H i Hh 36 I 0L
Hh PR AN A o S A T R R S N R A, DO A 46 T
PRI By AR Bl d8 /N R 18 B U R A 7 SR 8 H I b
AR E FAR, 73 3 ANl A2 29 4% 1 1) 0 o i O T2
T % )b B BT AT [R) 28 M R B Ol 2 B a4
HUBR T I8 BOAR 428 B 5 5 ) 2 A A 5] (R RS e e I [
[ — 0 ks 57 5[] B 280 A — A M R U AE
1.2 HiFEER

O B AE O WA TR RS TR Al R AT P
OO BE, WO TR B I ANE 2% R4 U B H BR 1)
AL, 3 % B WU R B TE R B R =
A F R, E JE SCF ma i SR N, N,
Ny HHIAES my 2500 bR @ MR jo 400 H brt
R PR 1 O A

Ny Ny N
minFX =a'zpizpmn(l_'xm,[,1)+ﬂ.
i1

m=1 =1

(1151 + /1252 )'(1+ /13653): (1)
a+p=1; 2)

N, Ny N
_ o .
$ = z pizpm X Zr(wi,jo’ X id* Wi j )'xm,i,z )
im1 = =

035 %
N() NM Nr:u
&£=2.22.C (T;j _Tfj)x
i=1 m=1 [=1
F(Wi,j’ xr(zt,i,l.wi,jn ).xm,i,l; )
Ny
& = ZCI{ZQm ; %)
m=l

P e
’ 0, 2N AR

o 0" <o,
“o-0, 0>0,’

Nsuccessful
n

Qm: n

N;uccessful N Nrfr‘?iled °
I 2 X E RN SORE Gl AL 5 A5) 1) 0~1 B p
AR, PREAESS m P HBR i S 1A R E T
WAL 2 xpiy A LI, RORIZF SRR O DI
[ w, (20, o) GURETE 0w, )W . 2,
3 9 Ay WS R) B 10 ER) T 4R R &5 RO T, B A I 1) 7 1
SRS AT G RV s 1, Bl w4
I 2200 4 ke S A S IDUAEL MRS 2 B0 T 8 11, Ok
pi W HAR i RS pu J AT DS m (L5E
Pos N, NAESS m WA H bR AT REH : a.
B 2 MU H FREOBCE R B MR 7 75 K
SEFIPE SR FE )i B0 B AR KN Ay, Ao, A3 h
3 AR & & W& 730 R 4A T
AE SO AS M WA % 58 F) A8 P ol A R A 55 56 1k
BT WEIOAE 1 3 ANRENIE R ARRR: (%) T
) Wi 3 R S A ) — FE SR 2 AN R A A
[Fl: C BRI j HIRALIN s AT A C) 2T
% m WISE B N BRI R B g, WATESS m H5E
JRRE TR BERERE, 2 FLATAG 58 I Oy o i 58 U
0, MZE, v Noveosiqn N W 5 AT 5 m

(6)

(1) 7 3K 56 A R H -
LIRS

N() NM N/;,x N() NM N/;,i

0 _
PIPIPIEATED I IP I
i=1 m=1 I=1 i=1 m=1 [=1
N, Ny N,

0
ZZZF(Wi,jO’ mid *Wij )'xm,i,l +
=1 m=l [=1
Ny Ny N
0

ZZZF(Wi,j’ X * Wi j, )'xm,i,l 5 (7
i=1 m=1 [=1



% 3 1 B A BE T SORE S L 1) 25 1) H bt 5 I A0 FE O ©3.
ﬂ?<ﬁf&ﬁ<ﬁf; (8) AR — N A I L 1, AR W SR T
) ? ;. . RPN FHER B YG T R H, SESE DS
[ o] ([T T L NI T 1) i e RIS I B B2 st
9) & BNAZ 2% e n) @t . SCHRSR H an 0 A ks R
SSE AN 23 IZI‘ /. 23 s by .
[rfj‘,, Tz./}g[]—.v/b’ T/e]; (10) PEU £ o D B B ) A8 02 X B
oy e[p;“i“, p;nax Zyzl,l, +Z[;77:,,[1,k1 /7z1,11]
’ ; RES 1 1 1
min max z = (16)
147»’1.6[14]. 9 Aj :| H (11) : ¢zl§zl

Ei,j c [ E;nin’ E;nax }

»)u
W =W

i om 1= =V
=t

<p,, (2

{Type!™, Types™ -, Typei"* | <
{Type{™, Types™ .-, Typei™} s (13)
J
b e b e
[Ti’j, Ti’ng[Tm,Tm]; (14)
E,ZE"™ 1t —1, ZWL" TS, <TSi" . (15)

s 2 (7) Ron=H I EERT IS TR BE DT 58 ) e PR
R EC R 20 (8)~(9) Konnl WPEL A, BV
T VDA IR JLAR) ml LIS ) 2 12 P, L 2 0 i
e B & B IIAEHLFE N L 25 (] H bR 06 200 FH 6 B S
s X (10)~(12) 43 0 R W H TAER B . A
BRI Z Hbrfe h2ywm: X (13)~(15) 70 &R
P 55 (1) DN 2 5040 28 28 L AT I BRI 25 A1 40 3R
2 ETFNHEEINERAERX

WCRE STV (ant colony optimization, ACO) #& &
K2 # M. Dorigo 255 H 1) — iR 00 s 70 57
RS B R AT IE W B A e AT 4 IR
ek, HATCEZ AR TV Bikhik
BT ANEA BN T, Horph g i by
HB AT LUAR 3 5 e XA B AR 3 2wy At ) nT AT A T
BT A5 S 2 AR Bk S OB I AT A s iR A 1
fil e 4 RIS B R R e A ik Ae ERR
FEZMEEZR: M EERNERANER, f£IER
TR T 9 e S [R]  H ve E R  . EE R
ISR SR IR AT R4 R SR A, SR pe (Al H
P b W A U R R RBROR . SR AT AR Bk
1) I 78
21 BARER

XA — AW 4k 77 ok B 1) R R (R 4R E I A
B H AR AR A R ARG, AR5 A 58D
AIREAEAE Z N KA — 1T AL 1, 0 )ik £

At pi RoR AT T RIVH 20 A4 A 0BT
TR FEAN B K KT K w 0K EAR) 4 H &
Aebs 2 AN X BRIy, FoR 15 1% 4
T 18 X By S 10 2 1) AN B 11 BT SR BRAT 45 A H Axoxet
W& DG g, R L ANIPRE D
Joy 2 A VX B IR L HARRE ) @, B8
T SR IE 20 A4 o D BRI B B & A
WA oz BB R — AN ) 5 Rk 2 80 BT e R
P sh i .
2.2 HERBHE

i SO il 24 R T SR N T I 22 AN 46 T B ik
PR T 1A AR ) FB, ) W 2 5 S P 2 A vy
B ), A R R

[, ()] {p=(0)]"

Pz"ll'rans (t) = - — — (17)
PICIRERUN
2
r, (t)==2 (18)

AT,
e P (o) B T 7 KA 20 A4 o s
KEH 20 ATH KB BMR: o () A&
B B AR S BRI R R, o X Bk
PRI R A X B FIE R HE G A7) o2z
B ko N2 B R AT, XX BN K N,
AT YT SR A O B K g X B
B oo Mg, R AE N E R R ECE R R N
23 EEREMERHN

MR T 2 AMEREZEHEE (LT8R iE H
B iy AT S m PO UR o AR AR (¥ £ F i ik
PRARBE, A0 LU e K i K B 29 R ) K 4
FUH RIS (] ko A AR IR DX B B R ), WSS
SRR 53 2 B, 200 W (19)~320 (21)



o 4. Ex Qo

i35 4%

A (22)~30 (23).
Tim.j (t + 1): (1 - p)Ti,m,j (t)+ ATi,m,j 5 (19)

At = Zn: z Arfik s (20)
e =1k, =1 T
o, (t+1)=(1-p)zh, (1) +Azh, 5 (21)
k LS ko ki ke
Ath, =D D ATt (22)
ke =1k,=1
Azft = Arf‘;;f‘j‘f"z =0./L, - (23)
Kbe 7, ((+1)RARE 41 YORAU Hbx iy 1% m
KGR ORI s B R BE R I R R p N
FERRERAEG Ar, REREHE, B (20)

S, Hoh Azhs FRORE ke FUBIE S IR T H AR
i LSS m M5 ke A FFRERSK BP0 j 15
BN IE BB ko B EKE DR RINZ; O,
BRI AL L, A kb RIS H R e 2
P E

24 EBEEPE

T LR, EHEW TS, HP R
R

1) WIUGA . X 53 0 4h i 20 R IR 75 K Ry~
WG T % Py AUEESVE S50, p a,~ By LA
SUSURE AL ma S KEARIREL T | 15 B FERIE
Ty, (0) 3 IEAREHIE T =1

2) MR AsIn] . A ISR A ek 48 &y X,
BRI R AT i

O ERERATATIRE . NV T K ITUG, 6 T4
AT SR R T B R DK B R rT A
M, P8 (17) F1al (18) e — AN BLAE b &l
A& & D sebr s e 10 . WP aEEZ A& E
PR RE R, R0 (17) MPEY, MRk — A% 0
VE R /& T SR A 1, i % s ARG T &
WEMWRE O, WEIRZBAEERS ZHE R, R
HPSEE , WIMIBR P UG 77 b S5ixd DR 1 E
1, R MH B 0 7 % kg v ) 75 SR BN R — IRIEAR
th, AR R VFE R R AR AT X, W IR A BR AR )
A M B iZ SRR,

@ A, FIRIEAARTE NG, AR
AAAEIR o TR AR L AT AT, (R4 Rk A
FREAS T (N & 1) iz a2, El—4
% AT AT A 1 4 Bl A 6 A8 /0N TR AT AT A ARk

AR R 0 B AR, R AL, R
P30 (1) W RAIZAT IR N R, IF DL AE N T
0 A 3 (1 T AT
3) SRS HE . TSI ASR A B W AT R B
br oA A, S AR R IER B AL, JF AR R
(19)~ X (23) X5 B R FFEREAT 59T .
4) MR TE<T™, WA T =T\ +1, iH=
P ASCER AR IR T AT A, IR PP R 2)s A 4 Rk AR,
iy A L
3 (AEXRESHH
TSR B AR A ke, W — AN
23 NI BEYE . 8 146 ANphar 2 ) H bR A 6 N 1HK
WAL S L SZ R IR AT 55 3 A TS5 1
AL G H BT S 1A BEEE RS 14, HE
FAYA N 24 h (g, WIS AT B A SV B —
AT FE J7 o BTSN 1) 1 A0 % 905 e A 2
HEJA S ER L, 20 WAk E A B 46 75 Sk
IO a4, JEWE 2 AN, 25 htes
BT AHUAR B Ik ke, KA 120 5.5 h, Wl R
BN 56, 24 T USURE SV 10 50 B2 579 (ACO-RA)
e & A Intel(R) Core i5-4440 CPU @ 3.10 GHz,
W17 8 GB, #1F &4 4 Windows 7 (64 £i7) [ % > F
&I, KM Matlab #4217 Monte Carlo 3471/ F
SCHL MRS B E N a=0.8. p=0.1. 0,=100. ax=1.
ap=5+ T\"™ =150 ma=25, L& R 1 pior,
B o 28 & RN JE T A0 R W a8 kX7 ik (HA,
RS (17) B8 kAR IR R 77k, & 50 Ik
SKOPIIME) SRAF I &5 RIEAT I, Wik 1 fios.
M 1 A% ACO-RA figbm e s, H 7651
1 O 2 B 3 BT ke ) AR AL ROR B o B 5 o T2
WAL TR B T IR S HoAw, BIEAE R R K,
W BL4E FLR B, ACO-RA 7 %8 U5 S ok I ] ek 3
B ERE €. Bk 2 ANFEEIF, ACO-RA )
100 KIEAF 132 47 I8 18] 43 51 4 15.48 min F18.59 s.
50

48t
46}

B AR FH AL

0 20 40 60 80 100 120 140
AR R
(a) F41



%53 1 R H S RO SEVA R 2 1a) F bR st A0 T 1 52 ©5-.

2146 M 1 N g T 4. ACO-RA fE 541 1
21440 BAT IS RAE HARRR S R SR B 3h 3 ANy
ﬁm” T HA SRR 7256 2, BT RH
F 2140 S B RAHIUG T KB, e ACO-RA HIXI HA iz
ﬁ”” AT 85 B A0 H br ok BRI R IWCRE SR B B = AR H
21.36 ACO-RA [t HA £ 3 /& 19— A IR0 75 =R B 7= A2 1 4
21.34r FMEBR, KERANHWRRE T =08, KK
213, - e RIS A e, 4R % R AT
BAUS S BRI T EIRTE O, 34, ACO-RA Iz 47 W) ) Ak
(b) Jr#i 2 At HA ST I 1) 55 AR B0 e, R4 75 ]
&1 FEZ BeZJa W, oo ik EIE AT .
*1 FHERMIL
A4 B 7 & S48 K WE Ko 30 (L& + &, N1+ A5, )
#1 %4 HA ACO-RA #1 %4 HA ACO-RA HA ACO-RA
1 260.73 59.66 32.21 56 10 5 222.15 75.08
2 294.25 21.47 21.33 24 1 0 90.14 106.66

4 LE5RIE

% YR AR B R R R A T R R A ) H
PRI A A I — R A e R R . 2 H ARk
9 R0 B L iR A ) o] AT R AT R LA,
T8 I WO A R SR D AT A R sk . I R EF
BT 2 AMEBEE, 2 KR O ECR &
T LR $E,  Lhs 20 A WO S0 0 1F I it e v
BauR A R S URE T . i SR S5 R AR I . TR
AR T R R VA RS AR T S I N ) WS, HL
A 1 o A e R 7 VA I R AR T, UEB T
LA R T AT

Sk

[1] Hobson T A, Clarkson I V L. Collaborative sensor
scheduling for space situational awareness[C]//Statistical
Signal Processing Workshop (SSP), 2012 IEEE, Ann
Arbor, MI: IEEE, 2012: 640-643.

[2] Berger J M, Moles J B, Wilsey D G. An Analysis of
USSPACECOM's: Space Surveillance Network (SSN)
Sensor Tasking Methodology[R]. Dayton, Ohio, US: Air
Force Inst Of Tech Wright-Patterson AFB Oh School Of
Engineering, 1992.

[3] Miller J] G G. A new sensor allocation algorithm for the
Space Surveillance Network[J]. Military Operations
Research, 2007, 12(1): 57-70.

[4] Cherry P R. Sensor Tasking by the Space Defense
Operations  Center[C]//Proceedings of the Space
Surveillance Workshop. Lexington, MA: Massachusetts
Inst. of Technology Lincoln Lab., 1993: 93-98.

[5] Petrick B L. Weighting Scheme for the Space Surveillance
Network Automated Tasker[R]. Dayton, Ohio, US: AIR
FORCE INST OF TECH WRIGHT-PATTERSON AFB
OH, 1994.

[6] Vieira G E, Herrmann J W, Lin E. Rescheduling

manufacturing systems: a framework of strategies,
policies, and methods[J]. Journal of scheduling, 2003,
6(1): 39-62.

[7] Abumaizar R J, Svestka J A. Rescheduling job shops under
random disruptions[J]. International Journal of Production
Research, 1997, 35(7): 2065-2082.

[8] X /&, FA#s. 2 —MEF IR THFRXEETHEE.
A AU Bl R %, 2013, 19(10): 2467-2480.

[9] Vieira G E, Herrmann J W, Lin E. Rescheduling

manufacturing systems: a framework of strategies,
policies, and methods[J]. Journal of scheduling, 2003,
6(1): 39-62.

[10] Aytug H, Lawley M A, McKay K, et al. Executing
production schedules in the face of uncertainties: A
review and some future directions[J]. European Journal
of Operational Research, 2005, 161(1): 86-110.

[11] Ouelhadj D, Petrovic S. A survey of dynamic scheduling
in manufacturing systems[J]. Journal of Scheduling, 2009,
12(4): 417-431.

[12] &R ATABRREKXpRGENHSAET AR
[D]. KX P HHEXF, 2011: 8-13.

[13] Erwin R S, Albuquerque P, Jayaweera S K, et al. Dynamic
sensor tasking for space situational awareness[C]//2010
American Control Conference (ACC), Baltimore: IEEE,
2010: 1153-1158.

[14] Herz A F, Stoner F, Hall R, et al. SSA Sensor Tasking
Approach for Improved Orbit Determination Accuracies
and More Efficient Use of Ground Assets[C]//The 2013
Advanced Maui Optical and Space Surveillance
Technologies (AMOS) Conference, Maui: The Maui
Economic Development Board, 2013: 1-10.

[15] Dorigo M, Caro G D. The ant colony optimization
metaheuristic. New ideas in optimization[J]. Ideas in

Optimization, 1999: 11-32.




<<
  /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
  /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

  /CreateJDFFile 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


