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Temporary Satellite Constellation Design for the Ground

Reconnaissance Mission
Hae-Dong Kim* and Hyochoong Bang**

ABSTRACT

In this paper, the authors introduced a new approach to find the target orbits of
each satellite in order to establish a temporary reconnaissance constellation mission to
minimize the average revisit time (ART) while satisfying the constraint on fuel limit.
Two distinct problems are dealt with: the first is to reconnoiter the local area with
discriminating fuel constraint. the second is to reconnoiter ground moving target with
same fuel constraint. A preliminary effort in applying a genetic algorithm to those
problems has also been demonstrated through simulation study. The results show that
current ARTs of each mission are reduced by 41% and 42%, respectively, by relocating
the orbit of each satellite. Naturally, the final result may depend on satellite orbits,
sensor characteristics, allowable fuel cost, thruster capability, and maneuver strategies.
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HaAFET7IHE 54T f 2 e A 21S oY S FriE HHd uAsEE
e FAA ARZF Az 27 R o YT
S HIME ¥ 4 glow, 53 B AFdA 713 y
@ A5H 24 HEFe BEoRE B £ =100 2|y e 4+, @
7 AR, BAPF HEAE 5 8 PO
AEe AL =, 7 9 Auit Fo1A 3L 3 d3aEFe YA Genetic Operator)E
24 AL ou) 2IEE AS 2ujuw 2 o WRIELS VI AF[7]NA FAF EAl g
Fale A4S, a8 2HeA = ASd wap  AlEHONAS Tl HHI Wyoer Mdud x
7}% % (weighting, ¢)& 27} 10, 5, 0% Brlsle 3, [Remainder Selection, Two-point Crossover,
2 gogx §AH QdueE TEAxd wet 7Y Uniform Mutation(rate=0.01)]< 7|2 & o2 Al§
A E 8Ha°l g8 FAAFS dxse g AU
oz 2z23I5E 9t A 19 A % 204 EHe e} o] A
(= 1 @E@@F] 7HA Alo]2=E AlE l olAdE stEd, GA Tt
HE T JAd Z7H(Initial range of
A PN HEE 5A%s= ts A () population)= WAz FuH AHATZE J——Er
2l dauxp st EFH S ARTY HAFolm=m 0~1km, 0~152 AHoz e e Ad %
19 86400x° W3 Yv IS EFFF= T4 7192 Bylsk CASE 1, 283 Z+ZF 0-200km,
—8}09\]:]' :l'ﬁ:] A5 ] EH?J’ Xﬂé&iﬁ% fda=a<i = 0-205 2 /\oh;ﬁzjgg e & 2 XM A3 CASE
5 37] 98 PS4 AGEE RS 22 AEgolAd s niAwe s & Ay
ool A AxEe] AdAT 14FF N ) 45, R WA QaE FIL S L
Ay A% Fdsith &, A=)l e F s = owa %713 Y(nitial
AZFE AMD o, Z 44vidk d2A 5182 Population)® Fi ¥HEsE WhHol &EF oY
FAAZE 1HT & IEF 19 3949 JdE  omF CASE 29 AFE x7|3|Z 3l9] CASE
Adeds A7 FHSGAT FrbEe #Fe 29 598 P 2UEYE 24 CASE 3%
AA AN HAARETF7IE 22T W FPSATE N1E APYITE B8 HEHEES o
01 FFolBz Foiz Az x4z A3 ¥
A 10, 59 e 3 dagFo] oS Aol A E 2. 2H8 19 #HolA ¥ GA ZEiH g
S| = ) o) A Z o A=) )
FE 7Yl o] FuiFHoez Ay wie CASE GA Parameters

At (EA 10& 58 A AEHARE 243}
=7k 01 =9 ®l&] 10089 ¥AHLE Hils=

H). A AA 2AE E909 2ARS 0 8y
Age ve 4 W) 2k
~|Sa00) A TGO (1)
[£A4 I HZA e
F RA 2AE 27193 54gs 2 2
e ohe A @9 e, WA FAYEe E
A 1A EAFE A% FLaT. A,

A 13 2 @A Azl 4719 94
EF FY3 SAR AIAE ARl wek £4 1
o AGEA dg #SHA7E SUkeA o
o], 7] AWFE GASl ART FHgko] 0 7+
7 e 7HAA "dh o] Be FIA 8%
o g AFxde BHS T FHAsive=
GAZ} © w2 sies XA o &
7] Wil 4 el B uie} go] AtEs
ART #tel 100& #do24 GAZF F314| A
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1 Generation=150, Population Size=20

Initial Rangelkm, degl=[0~1, 0~1]
2 Generation=150, Population Size=20

Initial Rangelkm, deg]=[0"200, 0~20]
Generation=150, Population Size=20
3 Initial Population from the result of CASE 2
Initial Rangelkm, deg]=[0"200, 0~20]

E 3. =28 e #AolA © GA otEtH E

CASE GA Parameters
1 Generation=100, Population Size=10
Initial Rangelkm, deg]=[0"200, 0™20]
2 Generation=100, Population Size=10
Initial Rangelkm, deg]=[0~100, 0~10]
3 Generation=200, Population Size=10
Initial Rangelkm, degl=[07200, 0720]
Generation=100, Population Size=10
4 Initial Rangelkm, deg]=[0100, 0~10]
Initial Population from the result of CASE 3
Generation=100, Population Size=20
5 Initial Rangelkm, deg]=[0100, 0~10]
Initial Population from the result of CASE 4
6 Generation=100, Population Size=20
Initial Rangelkm, deg]=[0~1, 0™1]




537 45 AB 11 5% 2009. 11 A% AR AT dA AR AE AA 1117
&% olfr= GA 54 &4 27189S SHE & ol &3 A, CASE 29 22 Jet 2714
o7 AsA e Arole GA 54 & WAHF 7L AiHeE v A2 Afolth o] ¢ =2
#e A HH, 2 Hee Ad 27ESd £ sl FoIxl FA FE&FS IS A=
2 9P Ben 27T Fo43 BAY 2 Fgoy, A4FHE ARTe A 94 A=A
7] FA 3 (Initial guess)ZFE EW3te ol £ IS5 F U= %kili]- °F 3300% AL #Aa3t
oy, 2 Aol Fxa g E2AEY AFe  =dH 23oen, ARE FAAFEC] BT A
= A AFT AAE AEHS T8 271 F 0 MM g4 s ‘?%0] 90 Bt geS
A& ALE7I7E i o] /7] wjEolth & F UM ol HG X27EL FIA S
A T8 A% & 394 B niel Zo] Al & Jhed HAUY ExXAE BRo diHo=
) 4=(Number of Generation), ¥ 718, 2 wl$ 7] W&o ¥HS AA o= ART
g3 J&=7]|(Population Size) 5 £EE& & & HAFHo=E Hiaslsle WI¥oE ERARE
d e fdEc] LS ded FIAALES A FU7] ot
ZHstA] gowA YA AATHAEd o CASE 29] ¢+ Hd 2717 24 3§

ARTZ} A4S HES A8 Fayshar
B4 3 o)A 7 91450 %4 (ARTS]
28)e oFIA £4T YANAA AE/F
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A g9 AdA HAMTE BHFRE Ak
g3 FA0 AREAL VAL WIRoR

A7l gk x7] Agko]l &oldtA] Forz, F+ HHAZE V] AFSAC. HF F5H ART
ozl FXA FE&F oy AulFgez e AW = CASE 19 Hl 879722 AA EJon,
72 9 sud Ax HAZRYH JdFez v SC#1e A5 FHEH FUA AEF 10kgS I
AR R 2 sud A MAZA 9AE Tl A 490kge AREStER AdEdE st
g3tz At olE Tl FHEH FAAYF  Ave YuloA FHIA FJdtn E '}F =
tirl 27] 8 9e HAXE(Order)d W& +d CASE 29| Z¥#4E EUE SC#19] F3A &
&= 9 EXEF HAis Wk g Bute 3 EES ARAIRT A ARTE #4338
1z} AT $8] CASE 29] AZF}E Z7|s|Z 3l 27} whE
Egh 2 l&—L‘%oﬂHL GA #FEtve = JAd3a & FP3A olE T3 942 CASE 39 A3
1= ZA 13 1o g ZhzE 209 102 B718F & ARTE 8760%2 UL ZAAZF FA9 2,
Atk ol GAY @ FAANEEI B & 3, 4H A(SO)Y FRA AL HAAF W
2EE Bo =g7] g olo) dge A =  AIFIA FE B delA SCH1Y Zﬂzﬂ Bl
F de ;gu}zme Fuz = W4 mY] & ATFERAQ 10kg 1{% FTEIEE e &
(B =RdAE F 870 HF)d H&) 7tsd 3 EARE FoHSS & F AUtk CASE 3& 5
A B, AJ B FEHESS 2¥doz I TR AR ARTE‘:‘r A oF 41% 7
W A ZEd 9T Fug Aok A & d
3.2 2H 1
.AlE8olMd 2o ¥ HE|
< ¥ 5= A 19 ABdHoH ARE RoF
o a3tk CASE 12 Aitds sy 459 F
31 = | & 271895 2z 200km, 205E HW$ =A
AEHCIA Adte the X 49 2k oM 2I1EE A9, dA AAAE el ART
CASE 12 71& QF[7]dA HE&5 712 =8 Q1 3883.8% KT} 1678% 7HA3 2205.8% 2] ART
E 4, 2H | AN=ZelolMd A3
SC#1 SC#2 SC#3 SC#4 ART
ASE Fi | ?
CAS (Used fuel, ko) itness Value (second) Converged
1 2392 52119 98584  17.164 0.133 11497.6 Yes
2 490.821 64240 70779  34.786 10.102 8797.7 No
3 6548 64238 70953 45797 0.101 8760.8 Yes
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E 5. 2H Il AlE&olMd A1t
CASE SCi (LSJSZS fuj,oi) SCit4 Fitness Value (s:clj)-lr—]d) Converged?
1 4252 2058  173.03 198.65 12,553 2205.8 No
2 81.39 117.93 12.27 67.16 7.699 2332.5 No
3 8788 9712 13519 13573 12,518 2176.0 No
4 8788 9700 4098 13573 7.44 2108.6 No
5 292 8394 3596 9862 2.609 2054.6 Yes
6 18.36 15.73 1.06 1.18 2.746 23725 Yes
5 AAANE 3G 49 $Ao] FHEH FHUATF
S 2P oEE ARHo T FHA Fshth
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o] JMMdo] AF o]RofXA] K3ta Utk= FHol
th ol CASE 28] A% 271 AlHlIARH =% g 6 28 1| - CASE 3 SHELH s
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