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Advancements in the key technologies of intelligent cooperative
control of co-location monitoring satellites

YANG Jingyul’z, GAO Liangl’z, LI Dil, LI Chen'

(1. Intelligent Aircraft System Theory and Technology Laboratory, Shenyang Aerospace University, Shenyang 110136, China; 2. Re-
search Department, Shenyang Goddard Intelligent Equipment Technology Co., Ltd., Shenyang 110001, China)

Abstract: With the development of deep space exploration and spacecraft intelligence, intelligent cooperative control on
an orbit will be a key future technology. First, this study discusses the current technology development status and the ap-
plication of intelligent cooperative control on the monitoring satellite platform in terms of the hardware design of the
satellite onboard system. Second, the development requirements of future satellite systems are discussed, focusing on the
current situation of intelligent satellite systems and the basic characteristics of future satellite collaboration. Next, the
problem of cooperative control of intelligent co-located cooperative formation satellite swarms and the key technical im-
plementation routes required for in-orbit monitoring are discussed and summarized. Finally, an in-depth systematic ana-
lysis is conducted for the intelligent cooperative algorithm for satellite formation, highlighting the feasibility and good

prospects of the Al technology’s application in future co-located formation tasks.
Keywords: co-location monitoring satellite; cooperative control; artificial intelligence; satellite formation; intelligent al-
gorithm; onboard system; intelligentce; on-orbit training
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Fig. 2 Developmental history of the onboard chip system
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Table 1 Advantages of the onboard intelligent system over the traditional onboard system
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Fig.3 Onboard intelligent system architecture
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Table 2 Key features of intelligent co-located cooperative formations

Rk

FHICMEA

AR TAEGEE LT, TE AN TR RERGEH, B RLE)r AR A 1 R R |

LRG| 5
MR SR RS

PSR AU HEA TR o ARSRIURAR L 1) 51 BE 1 AT S5 OB BE, MOBREAS AL FE 22 1 oh B2 2k

AR N T RE R GUa 1T I 4 2 AW eI SOMEE R R R R0, A ZT
LI BN A s E HI LSRR R, WtE rig i 2\ S 28 es . =R REIL i R 4

HE TG At )
A By BRI TR AT

VAR 7 0z, RIVEFA THE RG89 AR S O I AR 8 A A i K50t 21 e ] RE R 1% &

AN TR R — A FTEAIEEE . 0 Ar 2B R R OF TS BRI BOA AR AR B 7 1 1) 23
A KB REIR R AR BR AR, 54T RGURIH— 3515 2) multi-agent REE, Hoih 24> A E4EHIOATR AR,
i B AR AS R TAE 55 I8, LASERE 958 L b U D multi-agent R 5E

AV 2 BA P Y TR AT 55 4 DI 9 JBE o — DROME
MRHEHOAR . AL GERIAE 55 8 T7 X E 2 PR
H—J& UL BIE AAUERBIL SR BE . 15— RAT S5
w0 TR o A T TS B AT O
ity AW € HAEAE 55 Db R A, sl 4 T 2
i 1 5T A A PR AL BB S Al TR AT L
X, DLk B3 ] 45 01 T RS AR AT 55 v i IR A T A9 B
HEAR S o XSRS AL A TAER A i 2
WAL D AORR A TE A &0 P R 578 AT 55, 8%
/N B4 B B L RE A8 112 s LA AR 4 ) 3l £ P 2
PEMERERE ST, (HIET0IE i D2 A L 2 4% 22
FI B PEAG AR 2 76 A [R) e JBE B A Ry b e AL A, A2
/NG E P N L= L B 3 1) S0 R ot 47
TS A FIAC o X b SR WS A LT i A A DA
JEURE, T AT 55 9 B O M I T A WA 5 e
2L G BN B XAE 55 A AT O L 184 T b
3B Bt AT, AEAT 55 Bp R B B S i ik RE T 2K,
LA g da bRt A7 B BE o VR 00 e S A
R F) — Ff SO, K b S AT SR A — RE AR AT
TE 25 5 WA N Jrd B8 o (10 A B4 et (LR HCAROR S
P 245 DI ISC AR R ol B 808 A v /DN A 1) T 22 4 BA
Hh S B R Fe (AT 55 BRI

AT AR A Bt RS FL B R R JC 2 19 285 B AR 1Y
PR A, e T RER R RERE & A A 418U 55 T3 ]
RS 8 ALK o 2 A BB ) 4 ) ) — 0 2R
A, AR H AL R W TR BT R A A
SEGAE 5 VA RA AT o XRS5 bR 7 2E
o 4 B\ T b TR 2 ) R U B FE B T TR A
B BT 55 A AL SURRR, R OR M2 i 1 2 BAAT: 55
AT R T A0 B B Mt sl B 1 A G AT SR v X
B2 AT 55 Jr s e D A i 240 oK 76 40 A SE JRAT 55
o3 BL IR 5 2 PRAT B B, SEBUAL T 2 BA 14 T3 1]
P B AR BRI TSR b, 2 A S AR AR A AR T 2 24

FEAE, T B TR TIN R DAL SR T 51 s 2
XF R A ARG o FERR A B AR LR TP A A 2 ) A
JE R, ME LLUTE S 2% P55 vb A A 2 BACIR 28 5 T A i
FA RS T AR 2 R AR vh S 2, 25 T B
Ja R A i A ) B, T 4 TR R 24 AT = K B I
PEAR BRI o B X 3k 26 (] 1, 3T 4F R — Sb2E K
T RET = MAA% A RRT-connect J12#1 L1 |
ol SRR 4 R R A R e A i P B E AR T
FLA R 1E] | AR K AT S5 Sh AR R A, [ R
FE G BCRZS WS I b, R B A TR T3
BT AN BRI RE ST B AL R GRS
ASHATE], X A Btk S HA ELRS IR AIRE 71 32 FR,
XFTHIE RN 5 A B s A5 0] 6 R R A
T IR I3 A 3000 A 328 D) B 0% A 80 M vl 5 | 3R [ T, %
A Gt AR HE AL 1165 B A S — A K R e % 4w A A
By BEAT WIS RE A5 S B 14152 A8 R P,

B & T T 2O R R, LR A 4 BL R
TR BIE Al T 2 B R 255 . #E 100 km [H] FE
Y b3 e REE I — AU, LEFE X ARBILEE
1) TR LR R A H LA S G AR KR LA LA
A TEAE — 7 0 B PN TR T B et 70 Y ix
FERE 06 1 Kb T 4k T2 A8, (HJR 58 K4
PRBUE 0488 R — e AR L, sl
S 2 UL, XA AR B O S UE G Rk, JF HL
TR AR E B, TR A S48 s 1k
W b 25 R AE — 2 YR LN, IR TR AT 55 o
AL, X2 B I TR A ST IR A
NASA 78 2003 4 g% 4 th ik 5 ey -4, 45—
T DR R IR IE R /M T AT Z 5
AR, AL — BN, AN RS T,
LB EA XA H B FEARFEREES ES, W
k22 52 ViR 7 SR AR T A, A0SR RE S A H
TR E AR MER, 2 B0 R G0 1 iy A B A5



< 1068 O R

ES SO 017 %

FUBCRAY RE . mitl, A AN HR I T — Rt A
PR KO, JRR X A A T TR AR A
Hh SR AIL S 0 SR A A8 A B T AR S R T R
Z I RAF AP T, i TR SRR ST
37 20 BN, X2 AN TR A At A EE A L
Shms m AR B mACIRBE R AR, B GEIEZ
ARV — Rl E B BB S A2 17, W T3 &R
S M) 1O B 7 B SR AR e Y U2 AT BRI BR A o

I A
C*10 km+

______ >
o R K B

-

1
e
7

R

B4 HEIREMNTE
Fig. 4 Cooperative path planning mode
DR AR SCRE T i S 3 14 ot ] ) 54 s o LA
B T — NN ] B 0 T 7 S B R
G, T B R 5 A4 8 RS0 g A 7E 52 B P 8y
KEERIBOAR, ZER P 5 frs

Simulink

Bs - o Jb
Ak = ) = Bl
W pRid LR

¥ 15 Fly

FoE N

ic) W -~ MCU
4T MCU
ot
ok | _E= | rso SIANSTZ STM32 E
(TS 2 | T aco Cube Kol
B e e Mx  MDKs
B | LU S B
5
- K75 -

B 5 thEESIKEKRAMERIEF S RE
Fig. 5 Architecture of the ground verification platform for
key technologies of cooperative control

P U TR I 46 -+ 0 25 L 2 27 ) B AR
RESR A T 05 FOR BEAR BRI, 3o o b T I 45 1T
1 3 17— 1L XL ) T A% 2 > ol AR 0 AT 5 G 4L
BRES o FEIXHRELRTT, T LA o 3 el B s A5 e
(975 S B B, BT B i B . (e
A BRI UL % B 0S8 5 ROR B BLAH .
Kl 6.7 735l e B 7E 7 AR U RIS BR7E PR & 15

H A5 b 9 [ 72 LRI SO T R R B, 58
Bk BZ - 65 R 08 78 S i (8] ] X E A 4F B Aw it
A7 T RN U B, TR AL #2 IS BB S A AU £
BURRAE, PTDA Tt — 20 iy 920 . 7 SE ek pE
98 1Y 5 i B R B B 05, A SR R,
BEAERACSLA: 47 208.388
4000
3000
2000
1 000 |
0F
-1 000 |
—2000 |

A
2000 5 ;

X/m 2 00074 0005 000 zlm

£
=

5000

6 ThE M B E X R E
Fig. 6 Diagram of collaborative monitoring path planning

x10*

50 100 150 200
BAREL
B 7 HEMIKLIRFS L
Fig. 7 Learning curve of the path planning experiment

TEZJa BWESE i, FATT L RE A AR I jk — R
PR R GNELE, B 20 b 58 35 4 DATE B R 5 B
[l P2 1) 2R 4, HCREAS N ] T 92 PRAE 45 2

R SRR A% BE T[] 20 A v 22 5C F A0 D E
ST REAMEEOR, BN H AT T T £ 24
HOPERE A SR R TE W 5T L e RO b R
IR Y HT BB FE AL TR AP B B, ASad Al A THRHL
T JLAEBE A S A i B p E 205 3 T P R R,
ST AT ML TR & R, 7Y
A6 Tk K224 36 F FPGA 19 0] 5144 2 2k 113 ML
MET —H 120 257 & b o Aidx—r Eighb
MR G R I RE e A Bt iy, U 7E
FRGETR A IR A G0 T dd e TSR X AR
GE AT A DA PR U fo AR FIR EE 1) 1 BE R S8 B R AT
%5 o HIRX— U IR LUG 22 DL I RE 236 o B Y
] A R G HA R Y R TR . RIEAHOCHY
WF5Ed A 2017 4F LR DRSS I, T0E /Y Dhhe 71k



5 6 1 Wy, 2 UL I TR

BB P [7] s ] S B R A B 9 3

* 1069

RO T AT AR L R S A
B BEXTX— BHAR, B AR 2 B I L S XTHE a0
NSGA-IT, MOPSO J XM Z A2 H b5k 1 R
RIS T R s mrse e, TR A
HEAT R O 2 A R AR, R SR VA T B BT R
AT R TG, A B X H S — R AR
W o WEIEAS SRR, BB B DR — e R A
s B EHT B B R T I 4R A ik, £
TRE &,
22 HAEagHEEH ZRZEEARIVREST
H SR A b R A 3 i LA — R AR R B
HAWLH A AT 0, S T X FAL A A N T4
FIE IR 17 45 AR 2 S 30 RS e 7 5% £ B[] 0 A ) O
AT . N T e U R AR A R 408 1Y) & e R BT
PLAy ok 3 BB, ikl 8 s BB — B B, A B
ASE R TUAN > R G S I REARAT 55 b ) 5 4 —
By B, PSR ] o8 e R AR HAR sh AR FS 4, LU
St A5 B kAT B Uk . BARTT R A
FIE, I BB REARRNE B RS A
LW Y S B, E—ME S T T &
5510 B 4R S I e Ak, 25 B AR S 1l A
HARMBER S, SRTEASS, A FRED
24T YA R ST IATY SR A 7R 5 — B B, R A
WRRE LB SE A [ YR, M2 LR —4r R85
9 LATR 2 27 2 1 5 20 S B R 2 1 3 o 2 Bk A
FHR . MENEWNERG B FEERE, fEHH B axt
2 L WP R 2 Bt A5 e AR 2 S b g R
X B S 1 AR AR X R A R RE LT 1) R — By

B B OCHE A SR . A P ) 2 R Aok
T [T 4 A9 QB PR 22—, R R X 3 [ 14 A9
KW OB FF - E R . ik ds A E6E
J7 AR R 23 P AR AR JBE /N gl T 0 47 P 4
1, R T T R A T M s 2 A . T
) 254 N T R R T R B I 4 3 5
fitdk 4 5 W S T K 1 S ERES . XILNE
Pl e A e N T BRI A A Bl e B B A
PR I ) 32 58 U Bl o IR R SR 55, JUHOR
fi 1k 5 555 2R H BB A 3258 2 KO By ks
Xtk [ A 2 2 B RE T R RAT B 48 T R

Bt 1 Bree 2 et 3
2 LR YH BRI DRk
AW FEyieH SEFFIE 5 U]
G T
5RCS, 5% TERN BT RIERA
b R i

PR S Esh M R iR RO

B R e P
SR M) e A

P T T L S T A

B8 MARFREEMEARAHNEZEMETE
Fig. 8 Development stages of spacecraft intelligent collab-
oration technology

FULR A5 14 DI ] 42 ) 5032 2 JLAF AH S O BIF 5
JEVHE, Ak M A A IS . LEIT
RECHR AT LA RO ) ) 09 ) 07 500 o — Bt 3
5 AR AN T A A1 4 G A = 28 P ) 4
5k, Ik 3.

®3 FRXBWEEREHIEFE

Table 3 Different types of algorithms and their formation characteristics

ZTUNDICIEREN

it

L

%%

—EERE

— B TEE LIRS i L PRy A
HRI, A 90T R X — A [ 5E A b
F 3z Bl BT 1) (A4 A )
P HAl T8 52 3 )7 1w - 4
AR S [R] #) r fs Bp [) AR 25 00 4 =
B, ME9FTR

B SN — i w5 BB A,
ARG I R 5L L 2 SO — A
R ZEF T AR RN, X R
GLEORAK

HAE S L AR BT, ATHIRAESE
B A, T E G A R A
[t bR TFERAY, XE LU T 92 BR

LS RS

KPR T AR S ], 15
— MRS B I S AR,
BV I3 [] 254 4 AR 0T ARG L AR 4R
— BRI, ARG (iR R GAE R
LTINS

PR FERE L fig b 7T, v 1
TR P [ KR DG A P
[a] 5 AR e B

FI PR, Ao iy, 5 5
RGN, AHT G BN AT 55 1)
X

TR
ESIUETIEN

SAHRE B R, EIF AR
DAHEA T2 B2 AR [86 7 A b 28 )3 HE
R BOSARBEAT R, 1002 AR
A TR AR (LR 2R 5 ) |
AR ERER PN TR B AR X B B A A%
ZRGELTIMA, W10 7R

oy FELBA 5 L 307 kAT
(1 B I M 00 2 A, AT SC P 5 B s
s -5 AsRA T

Xt B G R BEIR A R R OR,
XS ORI AL TAE. filin
ACOMZ R H AR R G IR
il




<1070 Ok 2 8 ¥ i 017 %

BRI TR AR R B R A
fif e 22 B YR LR () B Lamport [H £ )5 5806 L &
i P 2L 0] 22 525 ) 1Y) raft, Paxos 7R S5

WP 9 JT 7R B — BOPE Rk S AURD SR A ) 2%
O XA 2 T A7 AR B, R AR RS E AR Ik
I3 A SGEAF IR B )R ) — BOPE e A BR0 | R— 2o

TR A RR A e |

BT INTESN

i il

4 5]
RVl @ B
— I T W TR L ~/
s F ik EREIESIE AsbRzm . frit A B ] E45 5 f

RN — 2 M A e PEITHIE — T
1 TR Mk 2 1% 1% I

B A
T EI/?\ ‘

I T ESITRCR AL

B9 —HUEEZTHHRIDEENEXTER
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