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Resource Scheduling Method for Integration of TT&C and
Observation Based on Multi-Agent Deep Reinforcement Learning
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School of Telecommunications Engineering, Xidian University, Xi’an 710071,China

Abstract: With the development of satellite communication technology and the continuous expansion of the constellation scale, the
integration of TT&C and observation technology has become the mainstream trend. The large constellation scale, many scheduling
objects and complex operation joint control bring great challenges to the integrated resource scheduling of satellite network TT&C and
observation. Subject to the low solution efficiency and complex constraints of scheduling algorithms, the traditional TT&C resource
scheduling technology adopts the advance injection TT&C instructions to perform tasks according to the fixed deployment, which is
difficult to meet the scheduling needs of emergencies and emergency tasks. Therefore, a kind of resource scheduling method based on
multi-agent actor-Agent Actor-Critic Deterministic Policy Gradient Algorithms (MADDPG) was presented. With centralized training and
distributed execution, the multi-agent model of integrated task of TT&C and observation was established. By analyzed the scheduling
strategy of neighbor agent, the response speed of local information was improved. According to the model and constraints in the integrated
resource scheduling problem of TT&C and observation, selected significant and interpretable constraints, then established the multi-agent
resource scheduling reinforcement learning model, and carried on the simulation test. The simulation results showed that the task benefit
of this method was 22% higher than the traditional method.

Keywords: integration of TT&C and observation, large-scale constellation system, resources scheduling, multi-agent deep reinforcement

learning, tasks reward

2022-11-15; 2023-03—-01
ASTEIR hrli@xidian.edu.cn
TS I (No.2020YEB1806100) 5 [HSK FIAARAIEA S EIH (No.62101410) 5 ZAIEE| HmE R ol ol A A 5 H
(No.QCYRCXM—2022-228 )
Foundation Items: National Key Research&Development Program of China (No.2020YFB1806100), National Natural Science Foundation of China (No.62101410), The
Foundation of Shaanxi Province(No.QCYRCXM-2022-228)



BaE T REEGERARMER, EPL D 2SR AW
I, SEEBCAETR™M, TR I R ok, ARIA]
T 2R AT 55 A0 34T 55 2 TR] 2% 6 FH o 5 n e
b, AT e BRAG B IR 251 T e R A R U A VA DAl S
TR S R G P e R AT 55 TR, RBP4 R
e RS

LR R DR B R R 2 A B — 1T 5%, Ak AT
SN 35 B TR, 845 2 FE B s AT 55 AL
RS TRIRAFAE RGOl e LE00E RE R — DA 55 O AT 5%
ST, ATSNFTRENG —, W TSHFR—E N
RS PATIFA], ST S5 IR K — AT ST ], 2%
TSR AR &5t st — A R IR i
e — AT S 3 S TR I 22 AN Ak, o AT
BUAH Y EC R TSR, It IRENEys—k
RIS, RIS 2 R A 55 AT 5% 2 [T v
R IR, QTR h—RhT ) KRS R i s —fA
PR 0 A AR T iR SRR R R s

L 1 U7 ARSI R 5 B 1k T g B W ) 7
B R EEELA RN TR R . Ao M SR IR
[, 3R T Fo O ek Fh gk D B s S
EUbR 02 5 B 010 7 A P PRSI oA 428 8 ) s ¢
W, RAARFE A DS B R f e R . Horh 2%
SRR T EC AR SR A, 7E U B DR AR N s
(R . GABRELZE PR sl (2 22 102 HOAE 5 R iy %
O— BN RIBR, R IR0 1R R LR
BHFZEbR, AZAMER EAR R I ] 5 PR 2
o FIB SO Ho— 1 B B RO R SS e e B
T, HHESRAELORIR], 2 TLTAPAER
BRI . YR 540 S E N RISy
SCEMN TR, DAMERURES A EURR % D S T 5
T P07 % DO [P R A T B RO R BB ok . /N
P AR AT RS AT T 2 7S R O SR A, R
05 558 SR RHUR SR AT 552 TR B . IbAh, iR
HETHEIEN A . TR RN R 2 R Pecri A&
tPetriAHEE ST, AT DEMES TR,
TS A8 JSTRIYA AN, 37 22 D B S b T ks 2 ]
PR b R ST B ) 1 7 e - I [ AL ) 240 R
BT TRORERAM B, HS A % bR R R i
PV SR I A 2, S TR B SR AR R A R TIMERE

JE & A D AU DA T A b R B R A
J 2o ZHANGS SR FSGE S e 1 s o o )
A, AR A B S AR ARSI, B ot
BB, (HHE s, SKRGFER IR

IFRB 75 SRR TR LD o R RE I T
— R R TR BRINASE R— b il
LRI A AR SR T 15, S a1k
A PRER T BRI RIS A TR . Bt R
MR PR RIS A R R SR P
SRR o X TR AT AR 1A T3
e, (EADREHORIIBUR A CE BRI

ULAFER, Hlaest > FLe W4 S5 B AR S A il
J&, FEZNSUREABAF IR AR, AR . I
5 BRI T T ST W 2 o S0 S5 R T B
B VR RS SR B P 22 ) 2 B i B AR SR gk i A5 AT
S5 AR, (HNHER RS EE, DIZECR
HEDREAN R o AR LM R T S PRI 7 12 s % U
VARG RSB RER . P B RE (AN BT PR RE 14
=R, NN RS FEN T R RRABTRUF HAT S
Al. BADALONISE LR B A HER A Sefiie T2
TS5 PR LRI REL, 4 T B A J32 [P R iR D BRI RAS B 2
PE N REPEAE BN [R5 AR, SR E B 451155
S BC e BE VA K 51N 2SR A AR A A g M A oK e o
W AN GHE IR R SR AL S R 2, SRR
ENASBENLE (0 [T I AT 25 9% IR B [P R4 TR A
AT SERON R & TR RN =R F TR AL AR
STEATAESS BRI BRI 78 2 S T2 2%, X
SR BRI 55, A B IE a2 T
S5 2 b S DA N AR B A S5 I TR R ast i 7 [, ik >
SO IlEys— A R IR T IT

T RPe ER IR, AR TR 2 R AR
S AL > IR T 20 BB TSR B3 — PR R SR P SR A
( Multi—Agent Actor—Critic Deterministic Policy Gradient,
MADDPG) SLEE ISR — A IR S, il
ML 5 TR SRR ™ T, R %
R IRBR L SRR FE IR LR 5T, SRR AR SS
BB BRR, RN TS se e, i i
P IE SIS . A = EEorikan b

(1) KRR 5t s i — R e Bt A
JEIRPEUSEAY . BER RS A s rP A AE R b s 18
PR H A BRI R IRIRE, 28 et iz v O 4 T
SRR AT ORI — A B, [T T DU AT 55
AT R sy — A EARFIZIH

(2) BF KRB s P2 — PR A0 B IR0 B 1Y 2 B g
PRERAL S SIS o AR R B BE 3 5t N A A WS TE R
R BE AT SR T 50, R Si7L s T A]
Koo Joik B REAE [EL, SR 2 R R IR G SR A 7 >
Hik, SRR AB TN R W RO R A AN



PRI E /NGRS A

(3) BRI — A BT I R A 5 MR RE
PRIEARIRFIE (R B o SR RSB FE S5 5t N 4 Jr i B U
HCEETF SRR, 6 OB 5 Bk TH I, it
RN PIZR A J AA LS B, DS N TURE R
MO, PRI R IS P2 — A B IR 45 5t
AR o

11

I — A B IR B2 T RER DA s KA s 42 AT 55
S RO aR ANBE RN IO FbR, A PRI 38R 5
WP B IR T, R A S TR R 1 5 5 i
uhit B EERS, DAK TR R BRI 25 b ] A
A DA KA U3 75 55 P 98 DRI SR Ay ik
B, MR FINAE 55 2R TR] L B2 b/ B2 TR e ) A0
SIVBEGR U, AT 128 BT 25 5 RIS 72 9 U5t 43 1 ~F- i
RA, DRSS IR BRI e, HEn S A S5k
G, SEEBHRFIR, BAMES IUCRN R,

KB B A3 b — A A B DR R B 4 R
Firos, FEMGh BT s EAT SRS B E N
{S,,8,,+,8, b, 10 T HRATIEE 42T 55 A0 95 U E B b T
WAL G, Gy, Gy FIFPEE TR (8,808, ) PURIT,
THEBCIM ., Y HbR BT a0 AT TS
W, P TR 0] T AT IS AT 55 1 BB,
T A0S B AR DR TR T, gk IR S
BV T A2 A TR . A R 55 T B TR A

HE NP, BV — s 8 2 ] i TR B
S52W D EA A B, (B TR 2R, [H—
W IAZ B R BRI T — MESS, HIATPIMALME 55 1A
AFAEDIHN TR], AR T T 55 TR e B % s A T
W= Amhse, SEUTSS I BHRHEBOR BRI
BT, IMAE T 5308 20 2R AR T
P A S NN oA A ERTI VS 8

1.2

EE;’%/E\S={sl,s2,--~,s,.,--~,sn}, Vs; = {854, 5 Ssatus, > Sston > Stocation, 5
T EBOUN, SHEEIRA S, o DRI, s,
WLEIRES, s, WSS, S, N DEY]
R ALz ' '

WiE R AR R A Eoleesmereh
Ve, = {Euq By Euu > Fomion} + V255 MM, XA
%, By WESINPRATRT, B, RS 2s® (fuffrh
HDEMBINEE) | E,,, AEEIIORE, Ep,
SOV M AT AL T ’

Wz gl B A A=lanaasad,
Va, = {4y A s Ay A A Ay} L ILBERBONK ; X 15
ANILBE, 4, IR, A, LB bR T,
A, WIMBLIIPS s 4 14 hLELR FF AN AN
SEARINTAL, 4, TRHF IR S I ok S M B

MBIEAT S T =ttt V8= T T T > T
(L5 MBCHL, HEMEST T, MIES IR, T, H
{E iR, M TIRAT % ST IO TS5 Pt

] T, + X T SEIUAE 25 EL Bl 75 SRR A LT 55 S50 11
T MMESSS AT RS T, o T, WEFWES, T,

IAES RS o AR SAURAE ST T T, . £
AT, . ST, .
1.3

T TR R DS 5 — (M R TR B ) A
BRI, (IR B SR SRR TR TR
SENTGET 407, DR TR

(1) R TR AR 5 R

(2) TR —RIGEE S, B IR LR
AR R

(3) SEBUTRBERTAfE D AR DA, trlbLfh
B

(4) PhT TLELIRIZBRS h= E  Ek, FL5
B SE AA T, BER phAk T R B HAR T 2 )
ERE LB B

10 R IR AP SE R b, WIEH— (kT IR ]



BRA ML)

1) B DU 2 AR R I P T — A 00 i X
£5%;

(2) RS IF— B EMAFIESS 2 18 75 EA I 8] A
b, TRIBER/IN TR E

(3) [Fl— DI B TANF AT 55 B) 75 A I
[FITFII , P R] R B AR T Bl A8 28 R N TR 5

(4) BEAMFSSMNT: 55 A AT PAT—0k, HIH gk
B IBEAT

sz — e BeltR EE IR B Ar i AR A IR
I GEIR, SEBOCIBLE AT R, oo RAERHR
MR Gs o  FIMBESAILTR R B AR AR R AT

i%iﬂ,We&LmJﬂke&LuK} (1)

i=1

Mk

ZZ§<L ViE{I,Z,"',L} (2)

k=1

~.

=B, Vie{l,2,---,N},l€{1,2,---,L}
®
(Ta, ,Ta, 1= Ta, + > Vieil,2, L}, keil,2, K}
4)
ot 2 BUE0,1), FoR TS5 LA AL
10 Ty FT,, S BIFR DR EIOAE 5519255 TT
AN TIAI RN SCBR AR RN ], [Ta, ,Ta, ] PATS504E
SRk 1 1A AT I, Ta, AT 55 1RO RS ],
by BRI ], 2K (1) FORTE R — I 2024
FRZHAEITIMES, R (2) FoRERA R &I
HIBE TS UGT K, R (3) Forfell— T k
HOAASBIE 45 PN L AR T % T 8. g W
B, R (4) BRI IEILEL 1A BT 3R T
5 TS5 PRI TR A% O UM T 2 Al
L LR, BT — LA IR B

Start,esareliite; end)saiie;

L
max F(X)=Yx,-T,
i=1

st.  x,€{0,1}

10;

L
k .
S LY e L2 MYk e {12 K]

i=1

K
Yz <LVie{l,2, L}
721 k=1
start ,csaellie; - T;ﬂdlssmeune, = ﬂ’VZ € {1’2’. ’ .’N}’l € {1’2’. ’ ’L}

[7a, ,Ta, 1= Ta, +t

transfer >

Vie{l,2,--,L},ke{l,2,-,K}
(5)

1 (5) HBE IR EE ST AR O max F(X) , #

RMEAESS TSGR KA s x, AR, NN FoE

FiRCIRE, HOMFMES ARG T, RS

s, SRRSO, ZORE L L 2RE A

14

AR R B e I s — A B I B TR e e
PRz (5) AR, BRI RGN Ry iRk e S SS
Wegii, 2% F bR S CIDAE 55 A B e DT 55 R BT 5 WAL 2
Ao Hr, ARSI RMES B SR, 51
FRFERMES LSBT e IS5 Eue PR 4,
R, GESZHATI LA PR LK IUE S AR SS
KA K. ARG EMESZ LRz 55 1 — & BRI
DUR, BB R U RRAT S5 SR AT 2 1, 3R
B R AT SIRE. ak (6) fion, RS OL Nk
MBS R WAL S5 2 2

L L
F(X)max = (z xi : T;Jrol )max = zT;)roi (6)
i=1 i=1

M TSR PP R AR RS, ARSI THY
FIZAFEAEIREE, HABRr AN E I R IR AE I 22 5
PR 9 DR R AR e R 45 RTC TR R B . 2o,
TR —ANMEYS S, 78T, B 1, NS 38 B R AEA
HESM IR, H3 DE¥AR MESER, Bk
SPEEAE T B T, FMESS VR 553 0028, 76 T, B 7, [AUE5%
1, fE552. fEF3ME, i T, B T, IHES 2RUE S5 305
0L, PGS, AR TH AP ESS

I R [
| | |
pss, - — — NI _ _ 3 _
| | | | [
] | | | |
T, L T T, L, T

2

PR e 5 ) P U5 P 57 1 B0 e T U4 e
AAFEE LSS, ITRAT RERE G AT S5 MR . AE SRR
LIRGEAE N, W TR i AR 55 B R 35 e e 1]
I, O A e Bt e 0N DA SR 25 S R ok, B
IR IR L o AR R 2 R R AR (L~ ST R
TR LR J5 130 THE X A RN 25 TR AT 55 1R
IRPIR IR, St 25 SE R R S50 G o

2
2.1 MADDPG
MADDPGH 22017 HHOpen AR HH I — %



-16- 4
PE A SRS VAL, AEBANTEREL Q. o« FESLIE SRR

aeiRsEi 5, A ctor—Critic BETH T
Bk, IR 2 BRI E e 50 TR EHRT AR
B NS IR BE AL, AR I T AN
PRS2 05T, AR UM T R o S i 4 R
Ribsa KM D E, AERE R R MRS RN TR
B, BASITEE K. 12 R ae kel SIS AT
TR T DA A AT IR, kD T I8 5 1%
BOTTEY, DN AR SN SR, BRAIG T I RE

MADDPGHEAD TR QM ( Deep Q Network,
DQN) FLEMEERIRALE (Deep Policy Gradient,
DPG ) LA 1T UL MG

(1) RAEARINGRND A P TAHEE SR
SN EREA R A ctor—Criticsi#, NN EES R
BAHE AR GRARI Sh AN 5h 15 BN T AT SR At 1
TP T 75 R S e s 2B AT,

(2) Budt TDQNLL MR Hhd k&R,
LY PRI EIE D (5,,a,,7,5") » DRI RER
IMMATIRES . MATahfE . SIERRBIA K N —IRESE
Ho BEEEAN (s,a,,a,,7,,r,s) » 1XH s Fl g RoR
ERREEE, a0, Ko, ZoRIT A BRI BIE
PNE S PNE A7) L G i e S e w78

(3) RMEMSEGIATICR M, BN AR AR
MR 2RI A R RIS S, TNl Zkepisode
SR AR —AS 130, i 2k Bl i R SRS S A1 L
RN H A5

MADDPGH LSBT, HANDERER,
MR R A — D ActorIZE FI—A Critichi 4%, Fik %k
W Actor 25 HT AL Elobservation (o) , HirthHT
weshfFaction (a) , LRI 7, CricPIZHA LR
SR A B R RIS B AT AT 307E, S 24w 3)

IRt

PATIRE

2

3 MADDPG

AT R T EE A ceo eI R ATAR BRI Jr A5 LB AT
HEhE. BT

2.2

MADDPGH LIRS fs— A SR FEAE 2L 514
El4fir7Re FMADDPGHUZE AR BE A B A — T8
FEPATINE TS T A, R AT AR — 5k
Y B AR AT LA S PR 28 vy [ B A T 3 B pe sk
) L (ERNTITE S TR = Bvive £ Al B ) 5 L s =AU RS S Bl
ERPIE R, BrATE IR BER AR b e 2o 5
PREREEIR S DA R P A 105 A VR S 1 S {1 Por 8% 1) i
N, WIS S TR, 515 R R4 A
2 AR D [RE P B R e A VR A ik B ) 4%
BN IARA OV B S o A T R A T O A5 U
BEATSIII e . A% E DA K 2411 £ 2 v 2%
GORIRAHRE, BT 5 Y B SR AT 55 (3 32 155 O
PENRERENIE, K W& KT 55U 2 Ry s 5 5 IR
VARV RE RO PPN FERR DA S R R SR Rl 4R, Tk 2] T
S F AT 55 RIS 2 i KA FRR

KHIMADDPGH AR T MY — R 7 5 5 Tn)
PSEAEAR . e IR DA ARk, R
PS5 1 EbR TR AR HL o0 B B [ A R R AR BA
HA IR T SR DR R s R — AR R AR IR A S5 T A
(RISt SR AR R A TR D5 B, A A 2 iy ] A B A s 47
FIRBISI B, AR LR 7000 R AT 55 2R e o
AR I SR A TIR R AS BT, BT RS % 1
BT HE Mo, MEZ R Re R 2 45k &k
AR AACTA I S B A RS I 2 R T A AT 55 52 AR R TR
VRS, MR LS . MADDPGELIELE s — Ak %
P R A Q5 TR o

2.3
2.3.1

B EIREIRINA ctor M Z5 FICriti P24 S kg UniEl 6 Fi7
R, RITAEMEERIZR G, ActorPIZHI N A REK
LI ELBIR AR B, Oy A e R s 15 M
CriticP 25 Ny 2 Jr R R ELA KT A BIRe R A4 i 2h
PEEES, Bt o U nTshfEROOTE . a2 52 2l
B SRR DA K SR st R AR R IE R
AR T Az 3 — A B R B 5
PSRBT (% BB, FEARGRE S, RH]
AJRITR AR I ZATE TR TI2 ~ 32 22 2% > 5
sk B B ol s B IR 2 e TR Gt



H

BiEIAL Hifielhn
| HHE | | GAxIES I
b | e | Wn
N VARG
f \\I .\\ I X/ // / '\ !
| / \‘ ™~ S | - / \\
/ \ S, I P [ !
L[| A ]\\ L Vs | |
| / \ /\7 *i | / \
/ S / 1
/ \ /i/ b / \ i
/ \ 2 S / \
\ 7 = / \
| / |t \‘\l / \
/ A7 I N / \ I
| L) I~/
L~ \ | A \ I
. \ o \\
| . \ | Hag \
41 \ | iin ; |
ST T | T \ | \
\ | \ |
| | e Al | | e s !
HWillo, PR Willo, PR
| = _ | _
EREY BEn
1 1
WErs 2 2
m, m,
T F T T 7T
R AR MET MAT M4ET

B st 1% S &k

155 L35 JHih 4R W

Frs fid IR IR BT
%*

T 1T 1T 11
CE R I I 1 s 1 1
s iats % EF &k
f£2%5 fE55 JHA &5 WA
Fes ARde WAL TR B

4

4 MADDPG

B, B ARAGREEH , Dl 22 45 2k it
TR AR AR [
2.3.2

TR A SN B, DATR B 2% sl =7 2] 52
Ma BE PR R A OB R, RIS IERE, WA
AR5 BEAT T E i BRI A o 1T
By NRFAEGH T

(1) AEmAEYIAFREMEZHEER
(T T, Ty > T o Tope, b+ ELATAE S5 AR AT 55 HF SR S
Al AESPHIRT R . AR AR IS5 AR

(2) ABHERRT 7 DEIGRATR B (s, .S

status; } ’

A AR IR, BAIEAE T ais(E55;

%

(3) Rl IE T IRAR B Ay, A s A A |
FOFEERR | SO R4 4 45 bR s R I P 5 4k
A, B R R AR BN S FAERATIES . DURIE
o L DA L MR

(4) BRBI{S E.Global_Time, MATHFALNZI, FIT
G534 24 BTN 220 T B0 P 5
2.3.3

ARy x, = 10,1}, Vie {1,2,--, N}, 1 e {1,2,---,L} |
ot R, TR R BRI SR Bk . EE
BERRETIE, T AR R AT, A

REMRI B B — D AR BRI et £, HAHG.
ZIAPRT



FFs AN
[FEFR T AT
TR

WSS TT U

TR AR L

RIS

LA S5 1)

AR LRI BEIR

i=it+1

s

SUHTFTIRIR A

v

SERCNHEAT: 551

(RS iEAR G —MES

LinfEsiRlt
PRI

5 MADDPG

f
HMNZEeR

Q
O
O
0=
=
O
O

fatrjZer’
(a)Actor %

falier

AR P8 M 1z 45 — A 2% R [R] A s el 38004 1
MADDPGH LA Bk s

T

A (7) o, &R

=2 % T

pro;

Bt

’Vi € {1)2)'..’N}

@)

R Rk %, T

MADDP GELE /NS R pk #5FAR B iy (O er
F DA B R AR R B S 1 Ty 52 B 55 8%

R Fllzafr . H x, iR

=N
A,

FORERE

PRIFIESS

RERIER, T, MBSO, 1, 8
AR ES 2K

2.3.4

M 6=16,6,,,6,} 75 B F T EIRE AR I SRS 9 2
28, Mr= {m, My, e,y } I BB B GRS
SN SRR A TiE I

J©O)=E

)

[

T
s~p".a;~my

t=0

t

lam

®)

1 (8) WA N EREATRERT BRIZIHE I - A BrAN
JE I TRIFTEUEE . Ry T 3R A3 RIS, MADDPGHL
Pt (9) MEAT AR AR

V@J(ﬂi) = Ex,a~D[VgM (a] Oi)vaiQiﬂ(xsalaaZs' ady) |a[:,u‘(n‘)]

©)

X (9) 11 a, Ml o, g 5504 B RE AR Bl 1 AT 45

sz gy

, X =[0,0y110y] SINANEIREGREOUI L, IR A
o Ot ay) N BEIRIRIE R A~ 2 PR
L SRR A R AR AT, AR ok

A2 ) A CRIRAS - Bk E . DRERRELE IR L] Hh 77

P O =

%4

SEERAEL, BOME R A HE A B

L0)=

Ex,a,r,x'[(Qiﬂ(x7a1,' ”7aN) -

(’; + yQilul(x'aal "”°5aN ') |ai=u,(o,.)))2]

5h (s,a,...,a,,1;,...,7,,8") o R

(10)

X C1o) Hoge Jy H bR W28 1 O fH R K,
M= s ity ] F 01 b SR DO 465 T 3 TS 1 D) 4% 2
B, SRV T A FERED 128 R0 AR SFEE P 2%

fthZEer FNZeR

Actor

Critic

FafZer’
(b)Criticl|Z%

fitEeR!



S EIE T 5T

02 =162 + (1-1)62

0" =16" +(1-7)6"

X (11) H g2 Fl g+ 53 B EFRActor M Criti 44 (1)
S8, v ER, —EEUE0.01, MR T AT
HERMSS IR, NI RER e .

(11)

3
3.1

AN FO00BUREL LA, 15 i stk
A B b s, R B B RT AR D F AR 1 B2 (]I

AT PAE gk TR, D03 2% 5 A (] B 6 47 b g ) 97
BRI R 4R T 1 DR — A D B U R R R —
K, PS50 PR R ST N BEATL ™ A=, 097 9% R D) 46
s [F] 51 mino

3.2

MADDPGEIL IS B WKL, BTk I
1 000K, BRRAGELEINI 24 h, a2 8088 4004, ia
50 IE TP IE N2k, BIERIZR 24 21 28250.000 1, B
LA FN0.001, RGBT EEENE, Ha8e N
0.9, HHHLMBE y }90.95, ML SEER TR ¢ 5T
0.01, ZE R /NR500 00055, gtk I/ N h256,
KL R 4B A, T st 256, ¥R
JIR elulfifea s, IR MAdam it 75 o

3.3

TET00M P 2 A5 AN mh 5 M Ik 000K A,
5RO T ~ ESHT R . i EASCRELIEERE, SRR
AERGE P D QNFIERIFRETBEIKA3C ( Asynchronous
Advantage Actor—Critic ) HUE/E RN IGE, RRsfiT
AT INZR1 000K F A B 45 R 7507 o

73R IZ0 000k RPN S . AIVAE
NIRRT FIE IR AR G B, 2ad1 000K ISR
MADDPGHIEFPEAGEEATLE TDQNAIAZCTLE AW he
JF, MADDPGH MG D QNH- PR 82,
e 1 2023%, PEASCHE AR 109, B T £913%,

K8 IMADDPGH L . DQNFIEFASCH LK)
5 WDLEH, NGRS 5 E
Palr, YIE620 Aty . MIE 4N T, MADDPGH
LRSS BT 5 FDQNAIASCHLE, 221 000K
ZJAMADDPGHIEBIMESSBURD QNELIE 2974, B
A3CHEZ 681, WUMESS B PR T 14%F110%.

1 MADDPG
B TERER 1000 2R N 500 0005%
ETERE 8400 LLE =12/ NIN 256
THAEIZRIE S0 TG 0.01
BIEMER A 215 0.000 1 B SR 09
G 0.001 TSRS ELY 095

f

FHATS50RS

=R

E

il

IR

0 200 400

[t — DONZER A3C G

600 800 1000

WZRRE IR
——MADDPGH{ 25 — DQN VIR
—— MADDPG V- #)is

— A3CVI RS

7 MADDPG 3

1000



8504

800

PN
W
(=)

2

A THHESS B

| I |\|
.‘I "| T
I RREA N '1 |

600 800

1000
WILAIE K
[l — DONRIITESSEL ASCHIMTS5% —— MADDPGRIH TS5 4L —— DQNYV- IR AL
— A3CT RIS EL —— MADDPG V- D555
8 MADDPG 3
MIE 7RIS B £L S r] DIE HMADDPGHEEAE: daily satellite mission planning[J]. Journal of Combinatorial
TDQNFHEMASCTA L M- T 5525 134 Optimization, 2006, 11(3): 341-346.
A EBHFIEET. IWMMADDPGEERAITRCR Pt T [3]  EilE, tREeE, £ HBL S N T AR S5 R
FREAIDQNREEAAZCH . MADDPGHLIEFJERVYY RRABEORD]. B4 TAESHTHOR, 2011, 33(6): 1293-1298.
A TRHAYC61 s, AR RERD QN AR S B RaS THK WANG H B, XU M Q, WANG R X, et al. Long-term acquisition
ﬁg274 So MADDPGE{%@?‘T%{%@DQN%{?ET%%T78%O plan method for small satellites constellation[J]. Systems
Engineering and Electronics, 2011, 33(6): 1293-1298.
4 [4] il AT SCE N Z B 2 RO T AT [D]. Kb
Dyt — R TR AU B 8 R e s 2 — 1k BB BT, 2011
IR AT ) 22 B e B GG N, N —2B RNy WANG P. Research on branch-and-price based multi-satellite
MAE RN R R o B R ANE) 1B e T AR S 2 on multi-station integrated scheduling method[D]. Changsha:
PEEREIIN, DABOH IR AT S5 T EEARO 1 National University of Defense Technology. 2011
SRR, MG SINAR, SR B BISOs R (ST BV, WA, FNL, S RS S R R R
FRGAEST. TFIRS, KIMADDPGEIHTHR, #t—BHrt (. SRR, 2014, 3403): 3237,
CEREIMERE, HTISES IR AR B XU X H, HU S L, GUO X H, et al. Spaceeraft TT & C
scheduling models and algorithms[J]. Chinese Space Science and
Technology, 2014, 34(3): 32-37.
[6] TFamd, &I, a2 T E—HHsE RGP etri BT
[1] SRR, S, S, 5. BRe— RS M4 R R ]. D] 2% TRR (AT R, 2003, 4(2): 7-11.
RI— VA5 L4, 2021, 2(2): 82-89. WANG Y Z, ZHAO J, NIE C. Study on Petri net model for multi-
ZHANG W, WU T, MA H, et al. Discussion on the development satellites-ground station system[J]. Journal of Air Force Engineering
of integrated and intelligent space TTC & OC network[J]. Space- University (Natural Science Edition), 2003, 4(2): 7-11.
Integrated-Ground Information Networks, 2021, 2(2): 82-89. [71 ZHANG N, FENG Z R, FENG Y J, et al. An optimization model

[2] GABREL V. Strengthened 0-1 linear formulation for the

for multisatellite resources scheduling[C]//Proceedings of 2006



H

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

6th World Congress on Intelligent Control and Automation.
Piscataway: IEEE Press, 2006: 7400-7404.
ZHANG Z J, HU F N, ZHANG N. Ant colony algorithm for
satellite control resource scheduling problem[J]. Applied
Intelligence, 2018, 48(10): 3295-3305.
SKRREFR, 4804, 2R, . S TR G IEFRL AL Rt — A
JETTIED]. R G AR SRR, 2016, 38(7): 1555-1562.
ZHANG T J, L1J S, L1, et al. Space-ground integrated
scheduling based on the hybrid ant colony optimization[J].
Systems Engineering and Electronics, 2016, 38(7): 1555-1562.
RIS, RAr. — T B (i — p bl o 55 ] Rk 0],
FTA, 2018, 58(7): 760-767.
TAO S J, SONG Z. A ground-station resource scheduling
algorithm based on integration of TT & C and data transmission[J].
Telecommunication Engineering, 2018, 58(7): 760-767.
G, M, = T, T T DR O (AR R R % K
FLEN). 25 LRSS THEOR, 2004, 26(12): 1839-1841, 1875.
JIN G, WU X Y, GAO W B. Ground Station resource scheduling
optimization model and its heuristic algorithm[J]. Systems
Engineering and Electronics, 2004, 26(12): 1839-1841, 1875.
B, ML, T B TR T A R A B
AETI T[], /NIRRT AT A 4, 2007, 28(2): 310-312.
JIN G, WU X Y, GAO W B. Conflict based resource scheduling
and capability analysis of satellite-ground station system[J].
Journal of Chinese Computer Systems, 2007, 28(2): 310-312.
XU, PRI, Bk, sk iR G A 55 ] B M T 7
R[] TR, 2015, 36(5): 583-588.
LIU S, BAI G Q, CHEN Y W. Prediction method for imaging
task schedulability of earth observation network[J]. Journal of
Astronautics, 2015, 36(5): 583-588.
FEZTAR, R0 kT 20 B AR AR R I 42 55 ) FE AR 2
WHCI A G EAHR M LN . 2015(16): 78-81.
DU H M, KE H F. Design of space TT&C resource scheduling
model based on multi-agent technology [C]// System simulation
technology and its application. 2015(16): 78-81.
BADALONI S, FALDA M, GIACOMIN M. Solving temporal
over-constrained problems using fuzzy techniques[J]. Journal of
Intelligent & Fuzzy Systems: Applications in Engineering and
Technology, 2007, 18(3): 255-265.
WANG H J, YANG Z, ZHOU W G, et al. Online scheduling of
image satellites based on neural networks and deep reinforcement
learning[J]. Chinese Journal of Aeronautics, 2019, 32(4): 1011-1019.
ZHANG T J, KE L J, LI J S, et al. Fireworks algorithm for the

satellite link scheduling problem in the navigation constellation[C]//

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Proceedings of 2016 IEEE Congress on Evolutionary Computation
(CEC). Piscataway: IEEE Press, 2016: 4029-4037.

S, wha K TR N D E NI EROR A R S ).
MiRss THE, 2021, 30(6): 113-119.

DOU J, HAN M F, NING J Z, et al. Development and trends of
TT & C and communication technology for small satellite[J].
Spacecraft Engineering, 2021, 30(6): 113-119.

PR, B/AMGE. RIS IR — A EERE L[], AR,
2010, 31(5): 1405-1412.

CHEN F, WU X Y. Space and ground TT & C resource integrated
scheduling model[J]. Journal of Astronautics, 2010, 31(5): 1405-1412.
AW DU SRR BT 55 I 55 D B AU P9 ¢ [D].

KR, 2019.

MENG H. Research on measurement and control resource scheduling
prediction and service function chain optimization mapping[D]. Tianjin:
Tianjin University, 2019.

LT, AR TR D A e SRS (B8 S [D]. Ph2e: Hp
FEIRABER (R R B SN HLy, 2021.

AN Y Y. Design and realization of schedule strategy of the LEO
satellite telemetry and telecontrol system[D]. Xi'an: National Time
Service Center, Chinese Academy of Sciences, 2021.

i, I, S, S5 R RIS R R 2T 5 TR
TG — TSI [ CY/ 8 =R IR R TR RS BLE X
B R ARG SR A TR 2021: 100-110.

LEI H, YANG F, LIU J P, et al. Multi-task demand analysis and
unified task model research of space-based survey, transportation
and control resource scheduling [C]//Proceedings of the 3rd
Symposium on Systems Engineering-Complex Systems and
Systems Engineering Management. 2021: 100-110.

JRE R THITF B 7 T AL P48 AT 55 AR 5
& PR RO, 2020.

TANG C'Y. Routine task planning algorithm for telemetry tracking

LEAFFE[D]. 7

and operation control center in satellite network[D]. Xi'an: Xidian
University, 2020.

2. FE IR S I 2 B s ot
PR: FLRREF, 2020.

WU Y. Research on A scheduling method of TT&C resources

VAJE 5 9 [D). T

for multi-satellite based on deep reinforcement learning[D].
Chongqing: Chongqing University, 2020.

FRAE, IR, IRR, 5. BT IR 2 2N
] APz AREAR, 2022,42(1): 65-72.

LIC D, XU W, XU L, et al. Multi-satellite TT&C scheduling

Ik):wi)

method based on deep neural network[J]. Chinese Space Science and

Technology, 2022,42(1): 65-72.



[26] LOWE R, WU Y, TAMAR A, et al. Multi-agent actor-critic for

mixed cooperative-competitive environments[EB]. 2017.

IR (1998—) , Z, VYL R LA
FERE 5 R E K e =it A, 18
F5 7 T o B R A g ity ol S5 R IR o

(1991-) , J, Wl R

S5 RS 5 SRR 5 T e s g lm, SR EET

= FIT IO KU T R R IR A SRS . W
RIS AT A

(1987-) , B, PHLH T RBCR LA

Faa PS5 ¥/ NEIE ST OM

K =R AU,

FE

T TR K G % . TR E RIS . a5 KH
A L 400 . AR MG TT R %

(1991-) , 4, PE2 TRHE A 405
RS 5 BRI T S SR B, ST

FUITIA N 2 1A ST 25 L M

IR BOR S

(1993-) ,

55

NP, TR

5, PRI LTSS

PR 5 B BRI 5 R B == T, 2T

7T s B ) SR

NS5 BT AR

T,’l{—

1 o



