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cation coordination diagram to decompose the global coordination strategy into multiple local solution problems, and the
reinforcement learning mechanism is introduced to realize solution. Aiming at the global coordination decision-making
problem of cluster, the cooperative interaction in the local learning process is realized by designing the global coordinated
decision algorithm based on Max-plus algorithm. Aiming at the local optimization problem of individual satellite, a local
@ learning algorithm based on neural network is designed to realize the adjustment action planning of each satellite. The
simulation results show that the proposed planning algorithm can independently and effectively adjust the cluster to the
desired configuration to realize the observation task collaboratively.

Key words: microsatellite cluster; configuration adjustment; coordination graph; reinforcement learning; max-plus
algorithm

Citation: WANG Zhijun, CHEN Peng, ZHAO Yanbin, et al. Configuration adjustment planning for cooperative obser-
vation of microsatellite cluster. Control Theory & Applications, 2019, 36(12): 2047 — 2054

Wi H 3 2019—06—29; ¢ H A 2019—11-26.

Ti#{E{F# . E-mail: chengyuehua@nuaa.edu.cn; Tel.: +86 25-52832301.

AT FREE.

B s VRIS (2016 YFBO500803), W7 A 6Bty (S8, %) FFACRE 62 50 H (kfjj20180321), YLIFE ML ARk TREm H %
Supported by the National Key Research and Development Plan (2016 YFB0500803), the Postgraduate Innovation Base (Laboratory) Open Fund
(kfjj20180321) and the Jiangsu Province University Advantageous Subject Construction Project Funding Project.



2048 B owo#H w5 N

36 4

1 315

AR, B N AME SR S BRI PRI LR 5% . 4
i g DY S B RS ILE H BRI TG, 28
R EES 7 B KR BTN TR L bk
R AR, B RN TR A R AR R R TS M
SRR, BETERCK TR VL S8 U AT 55, Bl /M T
ERIEE, TN 24 B BRI — M AR
/N R /IMT B IRINATSS @i i T 5%
28] H AR S

Tl > TR BT AL R M IN 2 435  FH T2 1) H Fodi
W, w7 PAE 4 R SEREAR 3, 58 Ot H bR 2 A1 R
UL SR ARS R, SRECHE IR B ARRHEE . N
TIEE EDULI A RAOR, SRR N A R /R E R
FEPM R B SRR, 8 M E e AT T LU BT
e RPNV AP

Fa T 1) 8 3k K FH 1) 77 102 S FRI HE S AR s,
SRJERZEN I AT ER RS ). Mark B2 AU @ R A
W % Wik 7] Lb- D1 7K 2 (Hamilton—Jacobi-Bellman,
HIB) J7 F242 Bl — HR 5 MW UH R 08 M TE B i AR TR 1
WLENEIESR A, SRR IEAT 5 LR MZEE & g Bl
i, Hodid B 3 7 E AR AR A HE T 148 [H]
DA 7 B 2% (1428 1l SR M. Tillerson M N Ve X 4 A
FA TR F 0 B ] I 8, 2 HE T 28 T T2 G AR R 2
AR JZ AT AR FFEIE I 2 25 A HESE, Fmid 2
PRI R 7 VS T B LRI RN T fR $F. Beard
R WEE N B T —Fofi st A4 AL 30 10 W 1 A R 45
¥, Horb s 2 AT S5 BBl A e, WA 2 H T 608
FAWUR A IZ 3 DERIS EAEE M T, e )2 Bt
R AP ER M ] .

WA R Z R T REHESE RS LEHER
FRJZE B2 B3 T s, (HEE S 515 TR
BEH AR Z, 2GRSk E, i EE
BESE. ) — 7 THI 4% HE 1 2 PRI i 25 SR St A T2 1
B TOVENHT S I AR T B SEPRIEAT R L R L,
sz 5B BRI T E B A YRR, T
FLH T RIFE RS B R SRNS, 42 HE 2% 75 R €
N 5] P 5 A8 T 1R 8 LA 7] 58 RO 25, 4 xR
RIS TEIZ ), 753 R A N UMERRI 72

BEE AgentF AR K &, B HTHCKERZ M 70k 2
B HEAR R Gt (multi-agent system, MAS) N T 7 4 20
T2 R4 (distributed satellite system, DSS)H, *KH T
MASHIRDSSH AL, =B LESHTDSS R4 H
B TR g B L, BT o0 A 2% U T2 &
GUiESL T — i B EMERMASHR RS, HEET
R IR SR 7 A a1 1 e N
XSDSSHYTE H AR FF AR ) B, 2 T 3T £ Agent
PN I DU AA T T B o . 5k E 32 N ODEEMASHIAR
I A R R R R 5 I B ) @, @y

DSSHI 7y 2 50 4 2 AgentZs My AL, I VE T T
% 2 K Agentff] Uy fig, 2R J5 2 T & [ W B i3t 4T
% AgentI) s SRR GRS P A )

H ATMAS PRI e 850 SR i 32 2 A JR %5 1,
Agent 2 8] 3% T P AL 1) S0 A B, (ELXE DL B2
SRABEMAS 4= Jay 5 e SRS . AS SO 1k ) 8L, £ B P A
HFRIRZ R R R G R IR R, KA T 1
()4 R AR Il RO AR B SR A, AR IRMAS 42
SRR T — 2B B0, AN, 5l
ST, R SR B SRS B8 BRI SR A3 B et
TP NSNS, T SEELEERER [ A TR,

2 FEETMASHMERIERE T BRI LAY

AT S K B R T R SRR 1) R AT R, ARG
AT 5] R P A 57 A A gent 1 LRI A RERIIMAS
PMERRINESE, 555 /0B 1 SRR 1) TR ZE BME LRI
R L NIRRT S I eI i=h
2.1 [HEER

FH 22 50 T2 2 2 R SR A SG  1) sJe  0
WA HE AT 2% 75 SR T R s T, DA ) 58 AW
T, BRI, 7 R &0 TR (R X 18 Bh i 7 B0 DA
JABRE ], G s,

1 SRRV FI WAL TE T 4

Fig. 1 Cluster coordinated observation and configuration ad-

justment

ST RV ) TR 18 B 2 — SR T MAS P E
I R U-91 RT3y 22 B B A RS 1) 4 e BRI
HIEARAS AT S5 ZEK T AR L R
S STt G TV R 4 0] R B SR AR A, o R e 1) ) 4
N NAS PS5 B A Hh A 00 T B M K > ok
YT BRI, B SR B i LA B sh 1R
LA LIRS T 1 5 SRS, SIS it ) 4 SR LATS 3 0
RS AR, X T BRI SR M B, 757 2
WAL LR B 264 T, % T2 AgenthR H5 £ SL L)
{E5%5 B A5 LA AL It Redabn AT SR A Ak, JFid@
i PMERS B S HA Agenti 3 AT 4 R WM, B 32 PR
R MHTLA IR T B 21 H AR RS AR s R 7
H. PR e H— AN oe A T R
M =< SAT, Config, S, A,Rule, II,C >, (1)

H o SAT = {sat,,saty, - - ,sat,, PEREH KT
BES, mERF I TR B4 Config = {Initial,
Goal N EFFMFEARE, InitialLy EFEVI IR MRS,



512

VEBZEAR: TN TR BT (R ULIIAL T i 2

2049

Goal AZE R R ¥ BB M TEARTS; SNEERE R Gt
FrAIRERIES A — A X Ay x -+ X A, N
VR ) TR R REMEE S, AN TE
Agentn] F B S ELE &5 Rule HEEREI 42 )R i
PIRANE; IT - S x A — ITASEREH T H T2 Agent
R TR,

1l = {7'('1,7'['2,"' 77Tm}7

T A B TR Agent [ VA B 4 17 500 (B SR )
C AR TR i[RI R AT 25 2 R A B A A
(P REFER.

2.2 MASHMERMKIHESE

AgentH K ZMASTIME LAl K EREH 1
TEMG NAgent, WA HriH2 I Agente — N EA
JEAN B BACEE . Yesk | IS AT RE 1 R A 25
G, B Agent B P RILRI S5 4 AT 23 oS B A ELAS
e, MRS DL T AT R T7 2 BB DR 5

REEL, a2 7R, MASHIME RLRIRI: 75 B Agent H
IR b, BT AEREEAE AT UM E A A4
Rt AR, DLk EITRE R E 8.

&R B @SRRI SRS AR A7 37
RGN HAh Agentidh 1722 H. {7 BAC HALHLH T
JRENFREDR S B I Agent F SRS B UL 52
A AR Agent 5 B AT KO3, SR J5 A et 15
SN BRI SR, R e SR AR R B
AP AE BT R A 3R, AR ORI 7 &,
RN B AR pt e B S A T 5 HoAh Agent ) i
A H AR IR A — U TH AR B R S ik Agent
FRAEFEE, H— BRI 2146 5,
FHRAAFHATENVEVE ] T 3R5E. AgentHAT BN 1E
J&, RBERAS KA R, T R — RSB E X 7 571,
W B A5 JE A AR R 1T (1 A RS DA R R A5 )
TR VERUR, AgentBE E FIR SRR, AWk AR,
HEEHATSS HAR.

e M, L
. by L
s — R
o A T
=R B T L e B —
| AR | THER FRER |
Agent <:> E’: ’\/%’%%_%B@pi\/\ ZACICES Exjﬂa(@ﬂx) 7
: g f
1G] A : E
/_: — I é pmr
TN Bkl A ' ﬁ”
 mmn o
— MEUTE | | HEREER .
B SR
77 9
BRI #E TR | SRR

K2 3T Agent H FMKIFIMAS BiME IS5
Fig. 2 MAS collaborative planning structure based on Agent self-planning

23 EFLAW KRR

N R ERRE R TR AR M E AR AR T AT
LIRS ARA I VEREFE bR B . N T FUE, &
Jefi— LA e L.

EX 1 AR FERIE N R T 6,
DRl 7 SCRER T AL (AR BIIRAS N

Xi= [z yi % G- (2)
EX 2 MEE S, MR RGOSR A

SW = {X1, X, --

Hm AR TR E.

EX 3 N T X AL I 2 o347 JE B,
E I T BLW bR TR 22 [ AT I8 3, & X
SERERIR TR AS F A5 T AR TR0 H R ) 2
DA% B IR0 TR 2 (B AR BE B iR A SR
DRSS I DT

MEREYY Eb o NN S RN ERE= |

X}, 3)



2050 oA R 5 N A

36 4

di=/22+y? i=1,2,--- ,m. 4)
PRSI A AR R
dij=J(wi— )+ -2 )
H: jer@), 6)EmxLERMTA; 45, jHA
AR R, Wd;; = dj;.
MR P RN
config=
{di,d2, -+ sdm,dirqy,dir@) s dmran}- (0)
TR Z I IR EDIR A st B %I 2 BB TR S
i)

st = configt, t =ty + kAt, @)
Fort A — USR] SR 1]

1) fES54TK.

O MMFTELIR.

P [EULI ) B AR TE & B AT 55 75 SR U e R
TR TA] )73 (R ARDN TLART R &R, AR SCHIAESS H b2
SR SRR & TR 3 51 3 AR AE B bRBE JE L
SRR R I I 2R AR, R
SRS HARAEE B DL AR Z2 2R

TRAETE SC3H O SERERTE iR, ASCRA TR
ARSI EH AR AR RS D, DA S TR, § 2 A1)
HHEE AT IR R D, K35 BARMTELI R, tnE 3.
JUBLEEY A S|

Conﬁgd:{DlaD27' o 7Dm7D1F(1)7D2F(2)7“. )
Dirim)}- (8)

K 3 ML

Fig. 3 Observed configuration constraint

FTARRE () bR R AR B R AR A Stk 3
HEE LIRS , AELTE SRR i RS BT R S 4T 4,
DR A SO AT 20 SRR A

| S — config? || €, 9)

Horh e N vr IR T 22, did B Ph B kAR .

@ E Al 2 .

SERE 1) 2 U T R 22 5 5 A AE X2 3,
N T kG R BRI A LK AR, — R AR A2 A iR
B dsate REIR. AR E & 1HZS), N

[2i(t) — 25 ()] + [yi(t) — y;(1))* > dpge, (10)
b t € [to, t], 4, jNSEREH PIBASF TR.

@ FEHIZIR.

Ak F RUHE AR, PR RS ALHE D g B R
AR, WIHE 2RV R — IR BT RERAS I I B2

lax| = |ay| = Umax- (11)

2) VERETENS.

TR TR B it R4t P et AL i /)
AR, A7 WA B 56T, LA Ry TR
B R o i () R R B N A B P B R bR

min 37 (JAvy] + [Avy]), (12)
=1

Hop: Avl oy PRE EREEEIE R, Aol TR
ifEy il b TR R
3 ETEEHHERER A RE

SRS O] R — PR OB R AT AR 2 S ST I T T, T8
AN ES A SRS PR S B, DA i
KE IS E RS PR B 1 AR E, ANk A SR AS
B AE I WL SR, B RE T AT N R, Sl
AR EFEL.

AR H 2 B Be koAl 2% 2] (multi-agent reinfo-
rcement learning, MARL) 1177 V3R fil 42 sy e L A 80
YRR, TR H(ESS B An R AR TR RE I 844
FT, T AR T A 2 IR S B2 A e i, H
T 1) R A A E R 5 | R e A TR A 8))
. BLHER AR A R B A SR LA R A

EEXTZ I, AE 45 T Jelle R. Kok AMOTAN
Nikos Vlassis! ! # tH {35 F-74 AL S ALH 1) Max-
plusH %, XAHAGE F A RQY AT 7,
A JR) 2 ST S5 o B B 45 S Agenti#E AT JR 3 2% ). 24
RS E AT AR, BT E TR R BN E
iVEES M

7 [E B EE OB SRR v 9 e e, A SR
G RPN R, TG =
<V, E > Hyidde; 04 RE R B QAT 73, 15 5%
XS N — AN R Qe Ak, W4 7 Q BR AT 43 fii
A RFQ R E AN

K
Q(s,a) = §Qi(3ijaai7aj)’ i,jek, (13)



512

VEBZEAR: TN TR BT (R ULIIAL T i 2 2051

Hrp: Sij - (SiﬂSj)y\j)%%Mji?S, SﬁmSjﬁj\%UﬁAge—
nt i, A BRRESEE, a;Ma; 707 9 Agent i, 5%
ME.

H=(13) T LR Y, JRQER Qi (sij, aiaj) R
BT Jm RS M e, ; PITEEFE I BAT A5 R R 1Y
P Agent T B /EH & R, 1T DA3% i Agent
Z A B 08 B P — A AT 70 M, IXAERE T A
HAE RS MBVER 4R Q> Il U AL B 1 21
T SMES WA G, M REQS I i B
K BABE R RPN Agent. [KI, £ KRB
B, 2 A R RIEE A, HEEANRIQY T
RE-BE R A Z AR Agent H 15200
4 FTEAE PR E R R

BE 0B Ry LA I0) R, A5 B T-Max-plus )
2 RPN EIE SRR T R Q5 ) Sk A ok S
EERE A R PR AN B R R AR AL IR AR, AR ARAR
FHE A T VR 8 R R e R
41 FHRBLKHIRRE

) R

FEHE RFAQS 2 h, B> Agent )% 2] il
FEAHOB 5 2 A 1815 8 R Agent, H [ml 4R [ %R
P AR B YE. BT AT AgentZl A B 1E T 42 )R ]
i’ RN FT A Agent[BI ik 1S A, AR 4 815 AR H8OK R,
F TR VLR 4 R Bl BR 28000 Ay S 0 [ 1 R K )
A NEH A, R4 R [l 4k s an 4 s, B4,
=r(a;), rij = r(ai,aj), (i,7) € EHri; =rj.

K 4 Sl R R Ak

Fig. 4 Composition of cluster global returns

Agent i [ J5 EB B R; 8 N5 14 Agent s H.
FEAE IR R Rl 4R A
Ri(a) =r(a:) + > r(asay), (14)
JEI (@)
Hor: r(a;) R~ Agent 41718 B 20 1E BT 3R15 19 [B] 4%,
r(ai, aj) FoRFAAEIE R R Agent 4, j 1 2H 5%
I (a;, a;) EEEREITEAR AL R I B

HARER AN Agent i, 3055 H AR E
Ja RAF ) S ml 4R
r(a;) | r(ay)
2 + 2
TERI TR BE () rp A R, AR Ak S5 1
B Ea AHIR, AT EE B d, ; AR A0 52 2H & 1 52 5
YE (ai, a;) ISZ M. DR AT ) FH A gent 4 /i Jm #0844 T
5 B TE 2 MR TE 22 Ad SRR R £
r(a;) = ||di — Di||, 4 dij > dsage,  (16)

r(ai,aj) = r(aj,a;) =

Ri;= + r(ai, a;) + r(aj, a;). (15)

1 e
§Hdw - Dina F=) dij = dsafe; (17)
1000, HoAth.

L SRO7) R R 2 R £ A [ R B
AT, AU IME I IRAG T7 7). 10005278 S8 ST 35E, & LA
o R RE R AE 2 AR R Y, W E NS TR, &
220, AgentfEREPEN R IR rh DUy s Gl i A (IS
R RERE S SN TR 2B

2) LR,

KT B s ) B T VA AT S AN A S 1 P
i HARAN . AR Agent TP AT 1 14 BE 5 1 B4 77
LU AT LR 8 P s R o
t+At 1 o
Ue(5p, ax) = J; SUtt. (18)

3) R

2r e (1)—-2), ML A B 28 H eR 2
U sk, ax) AT E XN

U(sk,ar)=PRij(sk, ar)+(1—B)Uc(sk, ar), (19)
Hr: BN, s, = Sfj, ap = (af,aé‘?).

4) HAReR AL

K JRAQ S 13T B /A A 1) B AR ek 2
DRI B 18] B A 22 A DR SR BRI 411 2% H BR B 2 A

Nt1—k
J(s) = YU (Sktj, Qt5)s (20)
=0

J
Hepy € [0, AR T
42 JREBQEIMKILH

1) JREBQeREUE X5 HH.

s AL S ) AT S il kAR A B ST 1 EH A
BRI, SAT R0 H A R 28U Tt BB s 1 . AR
Bellmanf AP R B, 565 kAN PRSI B S A B AR iR
HH T LB S HER AR N B AHIB T 3R

()" = min (U (sg, ak) +9J" (s +1)), @1

Horr: U(sg, ar) N H EEL © = A; x AjAgent
i, JHIH A BV ER ]



2052

7w oo 5 MM

36 4

DA EHIBJT 2 ] LR B A LRI ) 5 158 05
[ R HEHEAT SR AR, (R SMRITEREH T 24
SEA TR AT RIS, B HE T BER N
A HE T Q2 2] 7 iEXHZHIB 5 FEHEAT AR AL
KA, LAIRTS Rt R S

i€ R QRAECN
Qsk,ax) = U(sk, ag) + 7" (sp41).  (22)
|
Q(sk, ar) =U (s, ag) +7 gilirllQ(Sk—i-l,ak—l—l)v (23)

ap = (af, a®).

s sy, = b RRABIRE, £ al
Q31 4R QEEI TR T LR N

Q(s,a) + Q(s,a) + a(U(s,a) +

’YminQ(Slaa) - Q(S,Q)). (24)
4R RO R SORT s Ry RSO eR i A
U(s,a) = (25)

Z Ui(s,a) = Z Uij(s,a).
i=1 i=1

T AgentZ [B] FIEIME 22 ELIA RAERE 4 =t 1
J&, min Quea (s, a) FTILLN

minUaeA(s’,a):Qa*eA (s',af, a3, -+ ,ak) ~

ZQZ( j? z’ ])
# R25)-26) AN R IR R 5 7] 158 R Qi

(26)

AGHEE

Qi(sij, iy az) <

Qz(sl]> aq, a]) + a(U, (Sljv ai, a]) +

"YQZ( Sijs 27 ]) Q’L(SUJG”HQJ))? (27)
Hrr: sl jjAgent i, 37 AT T B SN a,, a5 1
E*M’Jﬂ:/{j( s af, af NFE T Max-plusff] 42 5 P i
R FE T ?%E@B%Tjﬁiﬁfﬁiﬂf’ﬁ .

2) TSI R Q=:2].

Q21 J7 1 — B T Q-tabel £ 3RV 5L U, (H 2
WA RS TINE I 4ERCG N, 1% 2R A 4E 8 1R 2
PIGK. EEXTIZ IR R, ) P R0 20 ) 2 AT IR AT R
H A& R o ORI T JR) 1 Q oR AR, d i BUE I
SRIAFA PR -BIE T I QIE MU

FET P N 28 (1) Q5% 21 TR AR B & M5
R B Al 3 2 F kil (approximate dynamic pro-
gramming, ADP)!'3! AN R A4k Q pR £ I R 45
RS prR. BRI S R L 4R i ok
FEVE PN 3B 5, Horh R T e
T RS HERARAS, BIBAT 330 1E 5 %5 12
B WAIRHE SRS AL, BT Max-plus 4 = Wr i
SR B T 0 TR % R AT R, B H 4 IR
sy N RHEBINEM T a); YT Z KA BPAf
22 24 251, R BB Q R B Al THE A T
SHEHATIFY.

ST T T T T -
S — Gs,ay
PR % b O »
a, / —
S - FTF-Max—plusi] S s s B +
L] SR 157 o it [l OO L
k Q oy U(s,, ay)

K 5 FETHEMZ IR QA ST RIS

Fig. 5 Local @ learning planning structure based on neural network

5 SRR RBGES T

ERE RS T EMVIGIRE SR L R, H
HHAl TR S MR, YA A B AR SE
TE KT T $E 242200 mif B F. 4590 T2 75 7E0.1
ANITE A N ST AR AS B HA S A T RS
I EREE, ZEPIEF T = 5983.86 s.

1E 2 B[R I 27 ) 1 A B Rl 2 o, 3 0 2
PLAt = 10 s U5 8 BT TR TE R EE S E ALK, B
YRR 5 P AE R TIRS IR 2R AL UL LA
(AIAE A B A T2 TA -5 AR BRI 4 T 22 T PRI BRR B
PEBRIIR MR 2, 7T LAE W, S 1 T fw

ZEREIE A H AR FDILIN HOAE 55 2K

k1 NI EEZHGMIERESK
Table 1 Initial state parameters of a microsate-
1lite cluster

WNBE zo/m yo/m d@ol(m-s™Y) go/(m-s™h)

1 110 260 0 —0.02
2 250 —150 —0.1 0

3 —130 —-250 0 0.02
4 —-260 120 0.1 0




512

VEBZEAR: TN TR BT (R ULIIAL T i 2 2053

& 2 ARG RBEMTRE

Table 2 Adjusted cluster configuration status

5;& d1/m dg/m d3/m d4/m d12/m d23/m d34/m d41/m e/m
BEE 200 200 200 200  200v/2  200v/2 2002 2002 5
SEPME 199.46  198.92  199.69 198.54 283.17 280.13 281.00 281.39 4.077

PRI, S o A D2 A T T R A
SRR NI B BN 73 5 dn B 7. W] AR HY, AR5
FRIALI T VAR P SRS T A RN P 1] P s S A
MATUE K TR S T 4 22 300 82 0 T2 DA S B P )
W, R A R RS R.

250 FT T T I/Y T =
200 = -
150 F ’ ///ﬂs\ — ‘ﬁ_
W ORI FLE
e W\
A V¢
£ 50 \ W 7
\\
~ = \ \ \\ 4
D LA
-50 AN .
-100 | ' -
-150 —
200 O\ T .
;250 1 1 1 1 1 1
-300 -200 -100 0 100 200 300
X/m
vIgELRE <«25TE 235TE 45T

N S AATE ST

Fig. 6 Cluster configuration adjustment process

SEPSE-SWAVALE SUREEEE S i3 b TPAibE!S
TGO FTEUE H, SRR A BAR M T 22 — ELAEAE
L RMACKITT A2, BEA A RO T, Ut
SRR R A UL BT T A RN IMERCE, B8 T
ESEINEINEIE S

300
250
200
150

AR Z / m

100

50

0 1 1 1 1 1 1
0 50 100 150 200 250 300

t/s
Bl 7 SRR R R A T AR 2

Fig. 7 Configuration deviation during cluster adjustment

LB R Frm B4 45 KR W, A SCHTR 4
F-Max-plus 45 B 0% DL S 3 A5 B iR 18 73
figp ) LR R LA Q5 ST SEE A R AR e
FPAESS QIR A 26 AR, #0012 R B P, ]

DASEIERL AR ) 32 S B R F) [ B 5 HoAth T 2 A gent
PMERZ B, kA o 4 R P A 2 ME ) H .
TEWME TS B S U TR R B SRS AR T, SEfE )
20 TR [ 34T IR R, v DL SRR AT SA RS TR
A B RO A 2 A T
6 it

RSO S I ] LI ) T U R i) e T
7, I AMAS#RA 2 2] SELPME R, a8
2 JRy DI e AN B JR O AR BRI ARG T R AT 3R
i 30 A A PR 1, B T Max-plusi# AT SR
2 Ry U R ST e i B 0 i, R FH R TR I
L5 AT Q5 S AT B R R, 7 FLAE R,
BT Max-plus 142 R P v S HE ] DA Rl B
TR TR A AR AT PR, FE R R R
Q% 2 TR F R SR A AR W] LASRAS R A1)
o R I AR AR A BRI B RE B FDUL
FTE B B E LRI B B, P R4S AR T 22 1)k
ABRme e T VR 5 SR T A SR AE RO P ] A 1 4
2 AR I AA T

SEHk:

[1] CAMPBELL M E . Planning algorithm for large satellite clusters.
AIAA Guidance, Navigation, and Control Conference and Exhibit.
Monterey, California: AIAA, 2002: 4958 — 4966.

[2] TILLERSON M, INALHAN G, HOW J P. Co-ordination and con-
trol of distributed spacecraft systems using convex optimization tech-
niques. International Journal of Robust & Nonlinear Control, 2002,
12(2/3): 207 - 242.

[3] BEARD R W, LAWTON J, HADAEGH F Y. A coordination architec-
ture for spacecraft formation control. JEEE Transactions on Control
Systems Technology, 2002, 9(6): 777 — 790.

[4] GAO Li. Research on earth observation task cooperation for dis-
tributed satellite system. Changsha: National University of Defense
Technology, 2007.

(R o MU 73 A7 3 PR R G55 WM RSB 5. <7D [EIBAY
FHRRA, 2007.)

[S] CHEN Qifeng, WU Wenzhao, DAI Jinhai. Autonomous formation
keeping planning for distributed satellite system based on multi agent
negotiation. Journal of Astronautics, 2008, 29(2): 517 — 521.
(WRBEE, SO, 340, T2 Agent im0 fi N R B E MK
TREFHIRIFFAC. TSR, 2008, 29(2): 517 - 521.)

[6] ZHANG Zhengqiang, TAN Yuejin, WANG Junmin. Research on
MAS-based mission planning for distributed satellite system. Jour-
nal of System Simulation, 2007, 19(12): 2868 — 2871.

(R IESE, R, AR, FTFMASH i LR RGUT 5 IRITT
Fi. RGMIFEFAR, 2007, 19(12): 2868 - 2871.)



2054 B owo#H w5 N

36 4

[71 YANG Yupu, LI Xiaomeng, XU Xiaoming. A survey of technolo-
gy of multiagent cooperation. Information and Control, 2001, 30(4):
337 - 342.
(B, 2R, VFRens. 28 Re (R b 1E BORZhik. 15 B 54,
2001, 30(4): 337 - 342.)

[8] WANG Chong, JING Ning, LI Jun, et al. An algorithm of cooperative
multiple satellites mission planning based on multi-agent reinforce-
ment learning. Journal of National University of Defense Technology,
2011, 33(1): 53 - 58.

(CEMh, 5o, B, & —FiET £ Agentif b % ST (M 2 R EES
RIS, EFTRHEOC244R, 2011, 33(1): 53 - 58.)

[9] LUO Delin,ZHANG Haiyang, XIE Rongzeng, et al. Unmanned aeri-
al vehicles swarm conflict based on multi-agent system. Control The-
ory & Applications, 2015, 32(11): 1498 — 1504.
(BB, BRI, WITRHY, 55, JET L agent RGBT AHIAERE
FHL. FEHEAE SR, 2015, 32(11): 1498 — 1504.)

[10] KOK J R, VLASSIS N. Collaborative multiagent reinforcement
learning by payoff propagation. Journal of Machine Learning Re-
search, 2006, 7(1): 1789 — 1828.

[11] VLASSIS N. A concise introduction to multiagent systems and dis-
tributed artificial intelligence. Synthesis Lectures on Artificial Intelli-
gence & Machine Learning, 2007, 1(1): 71.

[12] GUESTRIN C, LAGOUDAKIS M G, PARR R. Coordinated rein-
forcement learning. The 19th International Conference on Machine
Learning. San Francisco: Morgan Kaufmann Publishers Inc, 2002.

[13] LIU D R. Approximate dynamic programming for self-learning con-
trol. Acta Atuomatica Sinica, 2005, 31(1): 13 - 18.

& R A
EEE  WiEATeA, HAriiaorm iR S5 R, E-mail:
jesse341@163.com;
B W8 TR, BFF5 FOR 8 S AT, E-mail: 250084163
@qq.com;

RAHER WTFL, WEFL)T MR 2 s f4eit, E-mail: zhaoyanbin
_509@163.com;

BHE BIVHITH, THI07 R OIREE S5 R s i 5 7%
541, E-mail: chengyuehua@nuaa.edu.cn;

B8 RIBTTO, BT Ry AR AN /)5 5%, E-mail: liao
he_crane @nuaa.edu.cn;

%k #dR, WS FONRERS S A%, E-mail: binjiang

@nuaa.edu.cn.



