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Agent team formation approach for task-oriented
earth observation satellite
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Abstract ; With the ongoing development of aerospace science and technology, satellite clusters consisting of many
kinds of heterogeneous satellites have gradually appeared. Compared with traditional satellite systems, satellite
clusters have some particular characteristics, including large-scale heterogeneous satellite platforms and various
loads. It is difficult to use traditional methods to program satellite tasks. To address the problem of the formation of
an agent team for task-oriented satellites, which is one of the key problems of satellite cluster task scheduling, in
this study, we built a mathematical model, designed a precise searching algorithm based on branch and bound
techniques, and analyzed the associated time complexity. To overcome the high time complexity that characterizes
this precise algorithm, we introduced a heuristic pruning mechanism and designed three heuristic algorithms for the
formation of the satellite team according to different task sequencing strategies. Finally, we conducted a series of
experiments to analyze the performances of the precise search algorithm developed for the satellite team and the
heuristic pruning search algorithm and demonstrated the effectiveness and practicability of both the proposed
algorithms.
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Table 1 Symbol definitions
Hines 7L
TaskSet = |task, |i < M| X WIAE 55 46, 3 M A5
SatSet = {Sat, |i < N} TPREES AEH NADEN TLEER

SRIATS5 task, Al TID, FrmAT55 FIME— 205 ; 0, F/R W H 45

£, R o, AT 55 B A R A 1 ) N2 SRR 8] 5 S 7 A 55 %) 284

task, = (TID,,0,,¢ ,¢,S,TC,, TR, TRC,)

%

Sat, = (SID,,TW,,TW_ used,,SC,,BTasks,,RES;)

RES, = (AT AT}, ,AT,,)
TEAM,,1=s:is M
tw = (twID, 7, T ,S, Sat;,0, ,Cit™) ,tw € TW,,1 <i < N

OSet = {0, |1 <i <k}
team = ( Cost,StoTSet) , team € TEAM,

ST = (Sat,,task;) ,ST e StoTSet
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team F/R A1 BA , Cost J& A TR AT task, $ task, AEICHT,
StoTSet 155 SHATIZAL 55 DR MES
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Viw, € TW, ., Z (T — TV = AT,
K TW %R TW PTG S PRI TR E

4) BA K dpe K LI R (] 29 5, T3 AR B
T i ) R A/ T B R e R OUL I s ], EP

=

=

Votw, € TW,, 0, X (T = T0") = AT,

P TW,, 7R TW,,, I A e 1] 5 762 6 B 0] 76 56
Q RINRYIHEI B EE 4

2 ETABERFANITIEECSANNE

"k

H RS AT R 32 [0) At — > B R Y 2H 5 A
Al laldt, FATH R A 1 £ 5 48 R 7 s, AWI 6 1Y)
235 A1 BN team, VE AR A, LA SE AT 55 25 A 10
533 I CHT B AT BN 3 3 ¢ BT A AT 55, AT el —
SRR

Hik1 TFCA

Thée LT 70 R SRR Y 14T DA Sl 5500 1Y)
TR

BIN  TaskSet, SatSet, #IUH1YZS AIBN team, ;

wi RICHIBA team

1) Begin
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4) Return team),
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team;™ AUFRANAES 50 AR 73 S B S 0 ) 1A 7
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Curteam , {15 .

Curteam.Cost = team)™ - Cost

W2 Curteam IXAT9 A5 18] K B FTA 73R

BET XA R O BCR S St T T A R BR A
B BA 4 f# (SR7S ( team formation complete
algorithm based-on a branch and bound techniques,
TFCA) , PhRAES AL 1.2 .3 Fs,

Hik2 TFOfEachTask

Thée A m AT 55 JF 46 18 A0 2 AT BA A %
&%,

BN m, team, team)™ ;

wl BHARREIRILAIBA team);™

1) Begin

2)if(m>M)

3) if(team.Cost< team}™ .Cost| | team}™ = (J)

4) team)™ = team

5) Return

6) else if( team. Cost > team);™ Cost&&team;™ = ())

7) Return

8)end if

9)solve(1,team,teamSet,m)

10) for each team in teamSet

11) TFOfEachTask (m+1 ,team , team}™ )

12) end for

13) End

Hix3 solve

IIBE T4 team [n] T HESE AN task,, (1 1A AR 2%
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BIN n, team, teamSet, m;

B YT team T RETEA task, BB S
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1) Begin

2)if(n>N)

3) Return

4)else if( Sat, HETC Y, task,, )

5)team1 = Update (team )
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7)solve(n+1,team,teamSet,m)

8)end if

9)End
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TEAM, , {02

team,.Cost = (1 + ‘j) team,. Cost
0 <& < 1iEH team, < team,, |5 % team, X
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pruning strategy, HTFA) , B3O AN5EE 4 Frw

B 4 R T I RIS IR KA L team,
VEIRRA 5, B 1 MR S5 IT IR48 R TEAM, 2 fiv
H5E N task, Y team ;%%, Xif TEAM, A team
K task, , DIHCEHE HL 2 KB TEAM,, . iBA8) ~
22) JEARYE BT SR M S TEAM,, AT I BT B

Hik4 HTFA

TheE T BURCRME IR A 0

BN TaskSet, SatSet,team,;

BWH  team)™ |

1) Begin

2) set TEAM, =(J,i € (0,M)

3) TEAM, = TEAM, U {team,}

Mfor(i=1;1 < M ;i++)

5)for each teamin TEAM,_,

6)set TEAM, = (JJ

7)solve(1,team,teamSet,i)

8)for each team, in teamSet

9)if( TEAM, =)

10) TEAM, = TEAM, U {team,}

11)else

12) for each team,in TEAM,

13)if( team, > team,)

14) TEAM, = TEAM,/{team,}

15) TEAM, = TEAM, U {team,}

16) else

17)if( team, > team,)

18) break

19)else

20) TEAM, = TEAM, U {team,}

21)end for

22)end for

23)end for

24)end for

25)for each team in TEAM,,

26) if( team.Cost < team)™.Cost )

27) team}™ =team

28)end for

29) return team|;™

30) End
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Fig.1 Performances of four algorithms in SSC
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Table 2 Running time of four algorithms in SSC

fE5%E  TFCA HTFA-S  HTFA-RC  HTFA-C
10 7.591 0.026 0.054 0.054
12 42.479 0.107 0.057 0.088
14 153.379 0.179 0.096 0.209
16 1086.749 0.179 0.158 0.158
18 8019.749 0.258 0.399 1.339
20 90 078.369 0.418 1.241 2.096
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PE, TFCA B3k s 17 ] Bl 5 15 55 13 2, g
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FrIs 3G 2212
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L FEBH 8 1P 6 4TS EE, (Bl T
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HTFA-C fS286 25 % ik 2 3 FiR,
200

SHTFA-S
15 HTFA-RC

m HTFA-C
100

ZilUNqwily

50

il i/iiziiiiszzzz

10 12 4 h 16 18 20
B BamA
B2 3FBAXEXRAE LSC LAIEREXTEE

Fig.2 Performances of three algorithms in LSC
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Fig.3 Time comparison of three algorithms in LSC
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HTFA-RC \HTFA-C %3 09 % fig 22 5%, HTFA-RC,
HTFA-C 5344 3 A A A9 808 53 A F HTFA-S B3
o M3 Al LUE Y B & AT 5535 2, HTFA-S |
HTFA-RC \HTFA-C 533 4 g2 [A1 A BsJ [1] #5732 7 344
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Table 3 Running time of four algorithms S
TDEHE/T™ TFCA HTFA-S HTFA-RC HTFA-C
5 0.158 0.007 0.007 0.014
7 1.356 0.029 0.010 0.018
9 3.925 0.032 0.025 0.071
11 14.640 0.039 0.033 0.014
13 20.877 0.042 0.016 0.009
15 41.286 0.045 0.014 0.007
ggg OTFCA
NHTFA-S

BHTFA-RC
BHTFA-C

EiliNRwih

O MLl
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PEBEA
B4 4MEEERRMEDEERH FAMEEEXTLL
Fig.4  Performances of four algorithms in different
scales of SC
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Fig.5 Performances of three algorithms in different
scales of SC
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Fig.6 Time comparison of three algorithms in different
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