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Abstract The spacecraft formation flying is defined as the tracking or the maintenance of a desired

relative separation, orientation or position between or among several spacecraft. This paper reviews the
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dynamics and the control of the spacecraft formation flying in Earth orbit, including the modelling methods
and the control design techniques of the conventional propulsion system and the novel propellant-less
system. The conventional propulsion system, where the spacecraft is actuated by thrusters using chemical
fuels or plasma, can achieve a high accuracy and variable formation constellations with a relatively large
power consumption. By contrast, the novel propellant-less system, where the spacecraft is actuated by
novel means of actuation such as the atmospheric drag effect, the non-contacting internal forces, the
geomagnetic Lorentz force, the momentum exchange, would greatly extend the lifetime of the formation
and effectively avoid the plume contamination with new control characteristics. This paper summarizes
the research methods and achievements in the dynamics and the control of these fields, and puts forward
some issues worthy of further study in related fields and the direction of future development.
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F T ZHLAE NG B\ 1z sh I Wip [R) 2 ) SR 56 U732, AT [R]
I SEIAE N B H AR BERE DL S i BA R FF S5 2 AT A .
Lawton %5 B $& 7 —Fh L 17 8707 I A £ 25
FEWIOTVE, AT UE B T R G0 R S T AR E 1 .
FEXFPIIRAE B2 S kg, 2 BA 1)l [ 428 i i ik
FRAR AR 23 AR S5 B R BRI, Lawton 25 821
B TAT AT7 A e T R A R S s A TG R e
PP R RS P R4 7%, Y58 T LB R B bR
IR BN IR 5 DL G ] 5 il e A WL R 4% 55 2 A AT 9 i
A RN BT oA IR AR A IR
Fil. Dario 55 B3 B F17 77 R T — Fh UK SR
5 RS BRIE OL T (1) 9w BT R 48 B8 A 0K 77 v, o
B ALK 25 ) 3 B O R sk A [R1 RAT N IRk
33, 2553 SRS AT SZI g AT RS 28 19 2 A =R
B, VanDyke %5 B4 &1 H br %748 A 28 1) 4
BATE DL, Wit 1 3T AT 07 2 o A N A o A%
il 2% o

] A 27 AT D9 77 2K v A48 1) S & F T 1
WEIC. 50555 (850 st 2 1) oty 5 £ i T2 2 19 G A 92
il ie) @, 43T T AT 77 kvt 1 A
MIXHERSE S, A TR IR, 5B
a2 BRI RS, HETA7 877 0 T
R IFIEH] 28, I H Lyapunov #gEH T &k
fIREE k. RIS 7] FI Liang 25 [38] 78 %5 [ AL 7Y
A E M AT HEAEAE A S R R B LR,

BTV RS R FNR 22 B 28 D7 VERIEFT 1 B\ AT N
75 RSV 10 8. Zhang 25 99 &% 40fk
AR TCIE & AR AE SN SN FI AN E 1 DA
FAATHAENEZ TGO, T — BRI 51T
N7 R H GRS, it 1 9N ATHUR A5 1Y
SrECE RIS A, LAIRIIN S g BAL 2] 5 2 BA DR FE o
HH OO SR AT Ay g, A T IR A
G AL BRI 3S Z2 AT il in) @, x4 2R
FFWACTAEBE A N IR SN RS, 4 T4z
B ML HimEin 5 MRS ) 247 9 dl 8. £
P DU S FAT N skms AR, i TG EERZ
BB\ R R R EAT WAL, (2% & AR AEATER?
HERPIEZ S IEN T, Wit 7B EAEEAE H bndw
PANRATHIERIE B, JF DL N EERIBEAT AR E3)
R o

17 975 iy — Mg & Eml 7k, WA T
g B\ ORHF A0 H bRl S AT Oy, 2l ad P
AL IR 35 PAY (o 1% 2 ok s B by [ ] (92-941

17 0977 A BT oAtz 07 2, B s
(1) W] PARE & AH B R 2 AN AT . HAs 5
WS A% OAE T 2 P AT NI G, BT BLEHTIY
PEHIAT R B IR i hl s, DAL 7 AT
I (2) 17 0977 Az SEng & T4k R Nk, 3L
A BUR A4, T R AFE
BRI I R o A TR gt PR 8 o 5 2K 0 1) R T e
1 g BA AL S5 T SORAE B, AN 233 AR g BT 5%
(RIS A7 77 A8 ) SR 1) 95 34 /2 M DA FH 30415
BT, WA Gk AR E A Sk . T L
M AT 875 U T — R o B ) s, g
—PEHAT NPT BEANREIA B AR I I R OR -
2.3 EMEHAR

REPLEE R (virtual structure, VS) 77 g E 2
g B\ & ATHE 0 (formation flying control, FFC) J7x
Z—, B Lewis 5 NAENL#% A g BA 425 il BF 5 o
SR, RIS BL T B 1) P[] 428 RS
HJ5, Beard & N# VS N HEZ A4 E, DLtk
EX T AP DR ZHERIE. FLE, EHRINK
TR s, =07 0 EE T,
T 5 T PR AV FAORS R 2052 R
HL b, FEREHEVS KRBT L/F, #)ET %+
PhEFERIZRA . ARZAE T, FEVS HIR R L
, BEANGRABCEVE— D AN, BN TR
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EREE H NARIE B = A P . VS Wit 2 e 34
BPR: (1) BB RwNKSSEA, FHFRIETES
BOR G B RLIESI 8  (2) RIEFTEITHIVS, e
b\ T ERIZEI AR, (3) B S, 3K
g AR BRI IR P, Wi
— VS RSB, W Refs PR Es b 38 AR 1) 48 ) #hF,
HAHRMNF R EEAERSE N, REMFHVSTT
FRE Gy IR gw N3 #1417 A, BN AL
FEPAT RN, TEEATEZ .

VS TE 9 PAIREF, Bl AE il A T L
N A . Ren 25 1951 &1 56T K 284 A T35 &,
Feth 7T VS EIE LS BB 38 H 777 . Young
2 961 3@ 1K VS N TR A gm BN T I, 5
IR T A G AIHLEIAESS « Ren %5 07 %11 7 A
BIRBEIVS, SEIL T L RINLE) 1% RE AR EA R SL )
shfaE e, R T IRERE T . Malla 2 PSIPRH T
— PR RS g, R VS J5 VR R IR AT 4 BA
B TR T FPIRSFUS AL ST, WMLl 1
ML . Ren %5 09 g 4 A 245 il 5 VS M 45 &
St 7o An o R RS, o BA T A
RIS T —AVS, FHAE T EIE, (RN
KA e ERIER 25 @ P,  He Al (8] (P AH T3
MR —FhE R B o TSR [97], STHR [99-100]
ARG GIAVS, Wit T & T FEME], X
FhZ B VS EHRWE, AT AT R P2 BN
SCHR [101-102] MIZE T2 Z L, /-1 T —HF R
A s P EE ], ORI RS TR LSRR
SEME. Feng 25 MO2LEAT 515 B Al NBI4m PN KT R
P, T2 BRI oA Ll ik, 3R
BT ZEMREVS WA, MmN R S
e AR, T RO SEIL T R BUHS n Ek sk
A T UNNEREYE L s

X TN CATHR R R A HF ARIEFR, wikE
AL AT SN TH0 AR L AT
M, FHISCERP IR TV 23T VS ] 7%,
T HERE VS b H A% ) 77 72 2 Gk R0 ) X AR
IR RGE s h e s, iR Rgitae, JFa
B R 07 B S B R, i, Kim % (103)
K FE T VS 1T A 61 R A DL g A ¥ AT 6 R 4
H ) AN A AT . Huang 25 104 4%
HEARHeEMTI LERNRS, ' TIE
MZEWHIENER A, IR RS E; Hassani
28 [L05] o R iy 52 1 R0 T 4R U 0 T — ol e 4 o

%, SEEL TR R RS B AE . Chen 45 (1961 R A
T oA gm BN R S5, AR RNEAL, R T
— M T VS I )i . Shahbazi 5 107) [ 1) 2%
T ZPARIEER, BREEREARE M, SMNSTL,
IR AN S A NN G, R TR T o508
Byl ik, DOl R B AL st Bk, FaE
I 3 F Lyapunov B8 01 26 11 55 FEAS 5 20 H R PR HF

B P T, ] A (OS] DL RO A b M HE S, $2
T — R0 T4 BAATL B 32 Bl 4% ] 19 29 A 2 A4 1]
J7i, 8 BATE I 5t e g A 1) 2 22 18] @45 P i,
A DATE 58 BN 31 0 [ I 250 2t 24 55 i BA BA T . 4
75 25 1109 ) P g 00 485 g i v = 2 o BA ML 3 42 1 1]
A, A B RN SRR IR g AR Y, I e
il 2% 5 NG PABAE 58, 32 T gmBLRAT AR E
PERIEFEME . o B4 D01 Ehxd L R N AT B Al
FIAEE & s B AN e M S AN S 1) [v)
PR 7 — PN RS AUL A R4 1 TR G A RAT O S
[F 42 7735, AT SEBNT g A T B2 JoT B AN ) 160 1)
EPEIVRRRA N

2.4 ZHWAZHWEARN

% i N\ %2 % ) (multiple input and multiple
output, MIMO) 77 2 & ¥4 i BN 1 2l & 15 B A0 —
AMMIMO H) &R Gt. AT, BT BASR F 25 A ] 77 92
Bt g\ KT R R4, 0, Hadaegh 25 U1 %4t
T T g BN RAT P 2Rt R B T 2§ (linear
quadratic regulator, LQR). Speyer!™2 Jy& A FF )
MR B T — RS LA IR (linear
quadratic Gaussian, LQG)flitl#%, ARG B4k
TR R, I A B R A T AR IR TR A
f] () A% 3315 B . Folta 25 ML A X LQG 5
FARGINEIMIMO &gt . A th 2 MIMO
BNz T P E 27, 0, Ulybyshev!!14)
K FHAA 0] B 7 G A TLART TR, 0 TUART B
i N LQR A3, 7E3CHR [115] H, Olfati-Saber %5
2R FH NI AT 1] PR A 58 G BA ) JLFRTTIR, 3R A5
A PN 357 bR E, E A T P R R A B AR
WARME RN H 25, H4h, Dunbar 25 116158
H JE 28 M AR R T 42 i) (model predictive control,
MPC) BT H T 4iBA AT MIMO £4t, it 1
P RE .
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2.5 EFAR

FEFEIATT 2K (eyclic) H1, ALK A% 4% i &5 1l
R EERIY B g A 4% . Cyclic 1 L/F I 1X 51
TET i # 42 1 8 E B AR 4 2 1. Scharf 55 117)
KT T A B RIS, R 2 B A A
Mo il 25 A LR, M IE AR 2 g A QAT P21 S0k
FESCHR [118] 5 Luo SR AR AIE 7 SEM 18 P A9
i, RIS ST 0 g B K AT B BUTE RN 28 35 A )
Hu 25 (91 5y — o F T G A B 2% 10 5 BRI 40
MG, IS TR I ER AR . ISR
FaE PEAE BRI BT BN IRME, 8 H R E T B
SR B0 UE ARG P19 Al (1200, (T 3437 1 A 21 0
5, Al s AT A 2R T A R 1 Lyapunov B8 0347
R MEIE . WangP2U 4 T 2408050 n%, b
AN IR 4 AR AR A A T R 2 7 B 1 BT o SR A28 1) A A
SCHR [120-121] A H] 1 BTl B B0 SR S . IXUETg
G AR A geal i 5 kAT RS e e T SCHR
[122-123] $& 1 T —FhEE T VS G 5. —J7 T,
AL 45 R F H ARIR A A BIT B F0  BA A% i) 2% R A
VS Wiz, &AM B O R4 ] a8 R ER
EEVS PRSP 53— TJ71H, RAEEEA R
il R ER R 22, W VS FEHIES TP i R i e,
SRR R ER R, RFFHAS T . Young
5 D241 Ppangs TSR e MR
2.6 —HMEHIAR

AR, BT T AT X A% Gt g B K AT 1R H
TR 2 10 2 B A% T O, e — ik £ )
(consensus-based control) 5|2 172 KiE. FxL
b W IR R T 20 anE N, BT AT e
WA T, 2R LR G — N E R —
Bk iR RO HEZR Y, O RS 8 T . R EWE
BT — PR A 20 A P () SREmE AR LU H A S R —
Mtk o — B EE D T LI EAMA S BAg e g /),
T B 28 RG RS, B, i T
RGN RAT R Gt —BUERE Y9 A B 1
PRAL TR R R (125-128] g B R AT R AR 4
BPNZAIRSZER, HORE — B WRAE BL5
IS RFRDH . Sl aEnEeE —3E,
T DL 5 A ) TSR P 2 A WA 22 1 A0 A — B 1)
R, 1 Cong % 290 i i — SUMERVE LI T RALLR
2w BN 2w BAHLBN . Hayakawa %5 (1301 48 B — S
HRVR SR AR UL R 25 AEE )25 1) . Ren['31-132]

FU 1 [ SR TN LR 2% 4 DA 28 25 [R) 22 1)
HH T R RS A RENE R E B %4 . Listmann
2 1183) it 7 3T I VA A IE PR ERAE 1A P ) 4 )
% WA RGHHLFASE « Tgarashi 25 134 R A TE
L QoIS L IUNIE 2 N ks LTF P SRR EPS
BAEBRAEE R ERE, RN SE T EE
G IR AR 5 5 0 R 15 o Sarlette 25 (135) T AR 448 40
FARSERHA TREBINFEZ R, &t 7
BT — S EE R P R 2%, o s ) O AT
XA T Ren 1320 % VS BEAT T BSHULALIE, %7t
THT VS B RS EREE. i, of—
BERIF 78 5 T L BRI . AN B DA S A A
AN E I m BN AT 0 RS, S 73T — 8k
B FIEHI T . 10 Hayakawal'36] 415 1 R AT
SEMESE T S Y I N D . Jin 4 [T %
A 1 ey AR A N il bl R B L = B VA A0S
[F A B T HAA A, SRBl AN E 1 B
KA BA o

WS, ki USSR T — R T E R —
Bt B oA b R ) g, MR SR A R
oy R A5, s g BA A BOAE AR AT 4
A TE S EES], B 3257 G RA B BT
TP 5B AANLS . 5K L D39 R AR W TR, W
T T AR A B R B — S Sk, BN A
TR 25 G BAATT 46 A 977 Al 4t 7 ] 428 ) A X 7 6 £
IR BRI R 25 G B 228 285 7] 25 W [m] 428 1) 5 1o R, )
2 1400 b tof T2 G BN — 3. 22 M5 40 F0 AR 6 L3
R R A @, 3 T —F 2T Lyapunov
J7VE RN AT P [F 45 ) e, JREE T — Bt Sk
PR E B M 1 IS TN SR A n) S R R
S . SRR A At TR GRBL kAT
FEAEVCEL T4 DUAC R A5 I 18 55 ), DA—
ES QB 2 i P IDEE B = 8 o R 2 il R
B G B ) 2SS BT P (R ) 34T TR .
2.7 SERTHXIAER

Kang %5 1421 1 Y2 H 112 25 #1308 FL R (vefer-
ence projection, RP) 77 % & — F ¥ [ 4% il 5 Ao
RP 7] AL A — 28R 3k (K1 VS, (H EL VS B hinsd A .
RP 7732 ] DU 4 42 i) B3R oy T B2 9 B\ A= 1A [R] 1)
BB, (EgmB\A T, o ER A
o 7ECHR [143] 1, Kang %5 H U8 S 4001 5 HE A
RS H NI, SEH A NG AL T IE RA LS
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P, Kang 25 [143-144) &3 3 28 4 4w BA 42 1) &R
QT T Hoo BFEIEHIZR LQG B RI8, Jit
7 =R AT E RIS L/F, 7 L/F g
U A 1w N AT I, T8I K &7 o = Fp
P AR P REHEAT 20 BT R EE A

2.8 FiES#EAN

L9\ AT S P ARE 2 DRI B AR, 8
KAEETAT AR, W2 B R e
M & —#e, ERm&NEHER. Rim, X+
FETAT A g AFz 1) 07 SR PR AR € 1, P2 1 A
IR e T R L R A . Lee 25 491 3R H T
— PP 3L T TEYE 5 fift (passive decomposition) [ H3 [F]
PEITT, g B A5 ) 40 i [ 58 2R G5 ) AR
Ry, Fo AR R ERE A, AT
J— A 52 B 1 2 DA B[R] 428 ) B0k o A SCHR T O,
TCIR A A TR AL T B [ 928 1 85 (%) 5 Tk R A0 S A 428 |
REGMIFEMENT. BEAh, Lee %5 M6 5845 LI 1k
T3 F T 4047 X BA R R 42 1

3 FTBITCHEHM R AR RN AT I F R

FURT, {3 P Ak 2 R S5 B TR (1AL 2 A
Bt TR BN AT A IE 3] . Bl
SR T — LT A e HERE S BA AR R &, A R
BELJJRURE, AESEAL P ), sORLIEAE 250, BB
BEAT G AR &% AR L OR AT o X RIORT R AR
A G AR BLR K AE K A7 i F HL 7T LA R0 g
PTG e, 0L i I e R HE kR I SR AN
R, ATRAR E A R G R AA R ERE. (HE, X
ST R HERE ST RV T I AR AR, PR s
i 77 RO AT A2 A 8 2 5 i BE A G A 2R 53¢ 10 A 1
AT BOFE L TR VR IR X T LR WL
T HE SRR 45 i A (0 30 70 22 A AR AT T EIR

3.1 IEEMAN

ARFE A A 77 i A R A v B 2R I R 3
WIAR AR A SR 7 i f% Gedfedt oy 20
AR IR, ARRR Al A 0 R AR 2 AR AR
- HLAE 3 A58 (78 e b B A LR A LR Bk P,
S B, X AN g A AR G L K18 3,
WANE RGBSR A E . AT R
BARAT BT R 59, AR P9 08 1 4% i R AR )
FH X 38 B 25 AR 4% 2 BA 2R g8 R 1 IRr A 55

Ko HET, WHFREE O ) UMAR IR AR
fi A 73, BN Ty, T R REIEET RN .

3.1.1 FEe

JE A G A 428 1) & — b R FH i v g kAT 4 1 1
AR A8 9 BAR T &, X BLER B R 2 B2
(B EREE 2 3, e 1 I R A AE S AR
T4, FERT DGl I kS ERLR 3 B R A
PIHAT . DAL, I8 OB MUR A 1 A, o] DA
YERFERTURES BT, FFR TR S 5
BT HEE SR MR B NI R AL, EFhH
fr 4 i By 7 (O HEE R 28 2 . H AT B R BN RATAE
55 5% B ARG (R HEHE TR R T PR A1), X515 2 2 A
328 1] 9 A S MR #8 G DA 55 $2 A1 1 — T i 4 |
B 047, King %5 [M48-149] £ 48 7 Fi > 7 70 L K 9%
i\ CATAESS S AT R, e RN R AR I
P (B AR AT AT R, A BT R AR A )
EF 7.

WA, G dwmIN RS 8 )22 5 HAAE ™
M EEPR . EHRERE KRN RS I AR
Ul 71%, Wang 25 W01 #E G 7 £ 4 5 4 4 A R 4t
(I3 1A, 5T Branicky "5 (£ Lyapunov
BRETTEARF R T AU Ay, b PR T =
AN DN IREAY - 3 (S R TR I E St A S
Lyapunov BR £ & 52 8 YR P22 g BAF2 1] 1)
5 AN RO AR R A8 1A (R34 7 ) 77
AER . BB, PIAMTR A RO S5 I7E R? o2& 0K
B . Natarajan 4, @IS HHBIAE 7, Flan%h
T R A B R R (152) S A B HE O 2% (193], mT DA o
FEC g IR S g 1. 32, M1 sh )i
BRI AL SR BEAT /NS 3 M. FEUREER |, STk
[154] Vit 1 PN FL B MR 35 g BA 1 5 2 1 4% 1l 7
%, AR AL B LB o R ma il g8, 2K
L Natarajan 2 53] 45 H (1 37 05 Fa e 14k 1) 7 00 3t
TS, HlisR (190 2R 7 [ P AT 5K E A F14m BA 1]
R SETIRE, X PR dm BN Bl /) 5 AR A R G5
il 7 AR e Y B T AR AT TR B S A, 1R
HAERFIR I = B g B\ 3l /1 2 5 45 2 B 1) G 24 DL
T EE A 0] R AT TR 2 PS5 1) 2 ) 4t DA e 33—
BT, B 156 B 5028 FE R A N TR 5 RS
LY IR 2 e i AR PR TR MR ), SR
M DR Z P ES R DT, #RE—FET R
R E AR R M ) ik, Ak I5T-158] SR kL T
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BEEE, SRR ANSE 2 4 B O 2R Y PAE ST T
MSLARIEBLT BB S A, Jfat— 2D 2 TR
B R BRI BB BT A 1 T 4 A AE Al J3 1
T I R ) B A A ) )
3.1.2  WLIBE] RN

WA ET R HAEH 2 o — RN g, ATHT
i BASATEAR B, MR AR X A2 34 %% . Shoer % (159
1837 R S AR 2 A B8 T R0 82 F T R A% AH
XFiggh, MFAREE AR E R T T B

Xof B TP 5 B B0 G g B RAT R A e BA
AT RO & — fBOE T A TR A B BN
GEO BUH = HGE S BE . BT B J1 5 AEX J1 77
[e e — B, Rl SR A P A 4 BN 2R 5 A5 12
Jilal, it AR SR AT, AT B R G R
T A M3 D601 i ot F R AT KO8, ARy
AR PR M BIR P ' FH 90 ] s FG B ) T AE U e fb
LR 25 L R AR R AR5 L 11991, Shooer 26 (161 Hiiik
I BT FEAR AT IR 45 2 A 5% 4 1) 7 A 75 B B
IR, JRAEAOT & LT T LB ET OB fi] iz
Z) 25 B . Norman %5 162 38 1o 5 il 8 4T 4 BAASE
BUAE i s BT AT 2 A, BP9 1 W08 5T 2 BA I
Wl b, w00 PR g ib far T
EAILEAT AL, @S XU R ET AL
G N Bh ) AR R AT A S 0 M, FESCERRRE oK
M LQR | BLg#EAT A2 2 12 .
3.1.3 EMFF

S HCA S B R 2 W R,
AN AT R N B = R A A T B e A B HL A R T
FEHIATR 2890 ARG AR AL B, AR AR
ik . A TE LK =A RS2 M i S
2, %%ﬁ%ﬁﬁ%%ﬁlTuﬁﬁﬁﬁ+ﬁﬁ§
K 164) T A o5 i 45 30T 8 P G B AT (elec-
tromagnetic formation flight, EMFF) HA & 7% (1] M

FRT S, 4023 () FLAR R 4 (1691, 85 g fk, i R 4% (166]
AT B BRI B R 4 (04, DR e fd x4 (1671
Miller % 1681 41 tH 7 MU 4 A R AT HE, I

BT A6 L R 2% 77 A 04 Jm 8 1 3 T DA% il i K 2 AR X6t
HHE. £ EMFF H1, &0 TR & H =N ELH;
LB = AN B RAER . ME N —Fos X T HE
BEFIGRIN AT 7, EMFF B B ik, @
Tk 47 o 4 BB PR R R, T DR 25 5 b e AR AT ]
JTE IR e IR, BRAE B A e 1 7 B &R

G ECA SR T KERT EMFF 78 TAE.
Kwon'® B 57 7 EMFF % fE B30 2 5 1 E
2L AS T B 451 )3 T % o Schweighart 2 [170] 42
T TSR AR AR P AR . Elias 25 174 S
TR PR ARSI AR, FRR T — R4k
M YR B 7 . Ahsun 28 D72 Sk
HUE T EMFF, #il 7 IRL M BiE N s, #AR

GUSEHL T AE -
Hussein 45 73] #3857 7 1 A< H R 4 A 22 45 114
R 25 F s RS 2T =Ry Ik (10 e e A 2

AFEMLE W . Huang 5 174 R 2T T =k di i
G A R GERDN A AN AR R R, A T B S A
15 E AR AN ARG BRI, I e X T 2 A 7R f 2
MR AT 23T o Zeng % U751 43 AT 1 HhBRBEIA XS
EMFF fiR & (50, R BRI 8] 4% S SR
O T HLRE SR A R AT 4% 1) o R b e A (1761 ST
BA T2 (B AR AIAR X S B AR A, R P A o £
Tt ARSI, BT T BN B2
(IR 8 B R E 12 ] ) AL o

3.2 MR LEN

ORGSR 2% I —Fh i ). SHPrATR
s FLAAT = AR R 3 AH B AT FH 7 AR R R 4 T 42
il ] AN, MR VAR 24 7 2 8 I 5 b 3 R A
HAERFAEW . HEl, WFFREEAN1S &0 N
S BN FEAE) (771, i g A R 121 R b i B =
o4 5 g 1791 5 THTHEAT T F T Pollock 2 1801 45 Hy
7B E E HLAT BT OR 28 A 3B B 77 R 1 A
15 R /R AR % K H Hill-Clohessy—Wiltshire 8%
Tschauner-Hempel J7 F2 ik T Hi K25 XS 125) .

8 FH 22 73 BVTE Jo R EAR R AR X 3 1 28 B TR
AN T ffIEAR 28 71 M 4 BAAE XT3 715 . Streetman
2 IS ER T I8 A8 22 S0 A & LB L R 5
W, LT Jo AL P E S PE . 2
4, Gangestad 25 82 1R T &40 2% Jixt 43 4 i
BTG R MI. Sobiesiak 25 183184 i 57 7 7 1)
FoBE TR N, 43 T AUE SR 2L A
RETE IR M AT LR 28 8 A1 2 gk, JFE— PR
7RIS AR 2% 71 5 S sk iR B AR 4 A AL
HEHG, ST T MR 2% G BAAE XHE B 1) 52 A a ]
Ludwik %5 1S5] $53R 79848 22 1738 22 4y Hhid 5h /)
SRR, AR SR G IR T
FERE BN 27 B AT 52 8] A 4 i AR o
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3.3 KSMENHMNKIT

KA @ FEPEAN—DARHE, HEWBA
FL TR 25 4 B RAT A 557 5K 1 Jo 4 3 700 A — B 1)
A . RAUBE g B R AT B4 ] 32 B B 7
2, RIURE ST 2 AR A T AR U B . AT TR TV 2
KABH S8 B H 5 15, Leonard 25 1861 @ 1
W RARH 7 2250 H K BABh 11 i o — KO
WG RGN —A RS . Reid 25 187 43 #r T
KABEITA BN RGEADXTEIE MR, 13 T Jo 4k
B RIS DIR A 2 M AR . Lambert 25 188570 T
JURRBN I35 3 W 5, 1531 T RAPH 79 B 73 2L~
S IB IR . Pérez 25 189 ¥ it 7 —Ff 5 3&E M
Lyapunov il 4%, 1@ SO EREAENTUR S B LA
A T TSR R e AT B AR X B

FERSE AR 3, Varma 5 DO R 7 —Fh
R TE, SEIL T Z2ARNUR B g BA AT AR E 1
i), X FR 22 B AE TR A b ) AT e e oK B g L
PR RS R . Pérez 25 189 it 7 —ANHIH
15t Lyapunov 4% fill f R SCHLATR 28 A E A, 276
8T KPS KA JE sz, FEd i [ e 7E
FLR A% A AT 4 J B I B BBk T AR . Horsley
26 1191) foff i e B U R 2% R BRI KTHIAR , S8 i 1 %8
THIARF 3 B2 4 DR REL g 93 M B 0T ~F- TR 2 7 ),
T SEBREITE - T R . 25 2 dE AR 2R P29 AR
RIS AR L 1 PD #1) J9%, Deng 25 192 5417
— M TR ERPE ST B SR A R, 8t
KARH TS 75 B0 TE P 9 A ORFF 5 B A 3]

3.4 FNERMEHE AT

AR, IR T — PR T Bl B AT e 1 2 2 A
FEIME S . F 2 AR — MUK S a5t — AN
SMPRT oy B R ESR AR, S MR AR S
FIFHATE E . Bae M3 W 7T 7 1 R Sk H 3
KRB E R HINTRARARXS 1E 8. fhHe 8 5T
FEW M IUR 2% AR R SHBOE R, RAJETIRE
FEER A HRF /1. Tragesser94 #f — 25 % Bae
PR MES AT 7RI, AR A AE MR A8 2 [H]
33 1 3% 1 R B R P2 A HE R 7T Joslyn %5 [199] £
R TR M IR S B A B T, BT
TR FEAE T BRI A8 B 2 A2 BOBUR It %
PO Z R BRSO OR 28 SRR VRO i 5 AR B
SR 33 (03 [B137 « Ketsdever 25 1961 jiF 77 1 3@ i i

AL B E AL HBOR IR, SEHL T AT RFEE I AR
IDCATL R #4552 B o

1ELL BB EAZ A AT, R &
MESHURE R E A LN, HAR /N TPE
JE S R e B) RUBE B2 JE AR 48 2 TR B BE B o Ak,
BORP AR JIAREE, MRIFESAE T RAIR
o N TIROIGEA R, FEAIGEE T 5 —Fhik
IR LR )3 B AL e, R — AL %S
o Ivanov 25 D971 1 AR H FRRF 7T T IXFh vk 45
REW, £ L AMEAT, BEsS#n] LANH T9
PN, ERiFil, DLEAEXT IS s PR ¥r. 1Eik
B0l I, Shestakov 25 1981 20 T J5 48 e 4% 1 7F
G\ CATHLB I PTAT M, JE SRR LA A Tn]
13 2 7 B A8 4 2 O 1) R0 5T B S ) T R R &
FEAT L AH XIS (1 26 0 TR 1455 5 14 e 4 A bR 2500
Ml
3.5 KFAMSRRAXIT

H 20 I LK, KFEN—EBE#0A A2 — MR
HRIRPMREAR, H—EHRRTHEBSH R, EHF
I 20 4F, BEEMEECIED, ERIR A LS
M. HAET, EHEATN KM BN )25 58 6o R ##AT
THIZEHETE, FEHRH T iz R R [199-2000,

K FH R G B AT A2 K BHIFLSE FH 8 22/, 56T
KFHIRGRBAZh 73 % S¥EdI et 78, H Al 2 8 72 2
ST K BHAL S BAAE IR 256 AT 75 THI B2 (201-204] ) fy
TinthEE S, 5RFEGES R ML, HIk 5] 7
B R, DRI AE HERPUE AT I R BHIA 4 BA 52
R, — MIELERIRH 2 Geo Sail WA ®AT, 1E
28 7R VH FE RN M 3R A7 1R RF S 18] 77 T A T d
RGN RAT AR5 [205], McInnes!2000 $2 H 1 {5 FH #
WLE I8 [ iz 4T 1 Geo Sail {145, FHIANTEL AR
G TR X s, LEMURIPUE Y 22 KB SR BA
AT R BE AT 45 TE A . Mu 2% 1206) 45
W7 RS R RIBAR M) Z AT, $2H 7 ORBHILE
A BB MRS 7%, I T E1E GeoSail
i BN AT BN o« Smirnov 25 ROTV R 5T TR A
BF 28 5 7340 SIAE DO U T8 A K vy U 14T TR
Z o A BATE SR DR ], FEMTR A8 b 223 K
BEMA LA A 332 1. Gong &5 1205) B 5 7 48R} )
BRYUE B RAT RO FHIRR B, ) R PR 5 )
FL R 25 G N I T T 7= AE 3k 2 DA R B s 2 350 ) 4F
Jigks, it 7 A LQR #2688y 1 shiz il R



o2 W

P REE: HUERPUE TR 239 BN RAT B0 22 S I T 4k 129

FE T ORPHIAZR DA AE & IV XE Bl 8 i & (208]
AT ERIBOR, ARG R &MET, &
T T A A AR, R R A A RS 5
ZHAR R

4 HRMEELRTE

AN =ANTT TS T UK AT B )2 A
Wt et . BEH MR BTSSR RE, HATHR 4
I A S5 R A BRSO R 2%, I HLIEAE TR &%
I A R IRAE S5 R e, 25 18 B R AT R 45 4 BAAT
W RUR AR G BN 5 e TR . DRI, IR T
TR ASAE S A AT B 22 Az, B
BAARXH LB J5, M UIES J15, g B2 il 4

FE SRS 5 2t IO, LA 42 ) AP0 i A DA 42 ) S5 AT 90 400

BEE T TCHIERAN, BT DU T BT F A
RFETT T o

SR A 3 AR BE -SSR B R B0
JIEERGLR A5 A RAT B, SR LR AR 55 K
F&, Ou T R 2 MR IIIAE55, R 2% 4 BA A

JR A AT e 2 i R BT, R A AR R A -

N T SEDL RS RE A g BN ], 7R 2 AR X 2 A
RSN SRR B RS R, ST SRR 28 20
BAAR XL 22 25 R IR B 15 30 0 24 AR M R R AR
N C PG LTE e P R T ER S Pk g S R
JERIRHER 2, BT 858 s ERAERRE $i
ENAUKFROC sl Bltt, 5k Bt R MIEHTUR
e gt A 22 8] 553 0 (KRS i Bl A R el D . A
SLA b, ARAE SRR AR S AL R S A R R BRI v
A L AT 1 K, 5 S /R BT 04 A AL R 45 R A
o7 48 -G K IR S0 A0 11 P v G B O R o vk . Rt
BB, TS E IR, LR
BRI [E) s Bl 3 SRS LR, W TR A A
AN A P EOR )PP T i o

55 T A SR DI AR AR A G A AT I 4
il g BN RAT 22 I AT FOR AT Fr itk — B IR AR
J&, THEMEREAT: (1) FRELF R E VT
o XA AMBETAT NI, R[ERE D
BIE TP A% RS E P2, AT R — M il i i
Jrids ARG KGN CITIEH],  H ARz 2
s 2 R ENE T 7%, & TR R R A%
07 ARG BN AT 2R 8, LA AL B vy 42
BR; (2) bR Sk, b g A AT I ) I R
F R A EANE KT R 0873 2 KA 2 AR 55 1

PR, HLERDERN ATEE IR RS
BRI b R A% 315 S BT o5 FH AR B ]
MAEG TR HAT, 80— sk ) k] L
AR RIS B R K. B, 9 RAE 2 B REARE
HIIE 8 52 B 2 VR AR ], T A
b\ RAT RGBS B K, BB R H
. (3) $2&mgm BN ATt i d il 1 e, W&
P, BEME T ATERIR B, 2R
T A IE RS EE, RAIE R SRR e AT S
W H BB G RE, WE R S gk
A DME RGAEAFAE Z AR R BEOL R, ok
T, BRAAHE, HBPATHREES, RERE
BAT. BN, RkGbAATERIE R EZRSH ED)
e, DUMEAEE S| — Lo b H R ) HATIS, gnBAE
WA ERe B E SR, PHEEEHIER, NXT RSN
WSHARL, HfRFaE . W LATUL, B FEEE 2
g\ AT RGN Re ISR, BAT R KR
Al .

55 AN T TEHERE FHEE AT B B R 25 9
NP ARy et P D2 b N v AN 5273
Wy, HlkisAe 2571 B S TEHERE 7 AT
B AR AR BN o EH T X S B 3 Bl e B Ak
PEFIRIEE, AMOKRIEK TR 3 A5 dm, LA LA
A R G P TS Y, I HLIE AT DA g BA 45 i 1)
PERE. SR, XS5 B i) Jo HERE ) g R INHE FH T B
B RCRRUR AR, BRI BT A AR A 0 2 5 i A G
ARG, Bk, b\ KRG EEahid i BA R
LM BRI G R, AT i 2 5
B RIC T B S HABPAT AR S & Ik, 2
SCAGFAI B ) A IR R s R A, 7R
R Z G IR AW B\ AT RIRE i sh &
FEBLDL ARSI AT ATEERES Rkt BhAk,
X T AE47 5 3 Gt BR IR BN 2R G 1Y) B R ) O R )
ih, BB EAMTT IR . ST ¥ H U g A%
HIES S TSRS, TEXN RGWE, SIS E
LS ¥], MR SR S5 AR, RETTAT R
e LA A B ) e PR A28 1 S5 7 ThD AT IR N 9T

2 % X

1 Ariotti C. X-MIR inspector mission. http://www.ik1sld.org/
inspector. htm, June, 24, 2003

2 Johnson T, Allen L. EO-1 baseline mission history.
http://eol.gsfc.nasa.gov/, June, 25, 2003



130 hoo% 5 % K 2019 F 2 41 &
3 Masson A, Escoubet CP, Laakso H. Cluster science archive: 20 Tschauner J, Hempel P. Optimale beschleunigungs pro-
the ESA long term archive of the Cluster mission. EGU gramme fur das rendezvous-manover. Astronautica Acta,
General Assembly Conference, 2014 1964, 10(5-6): 296
4 Tapley BD, Reigber C, Ries JC. The GRACE mission: sta- 21 Lawden DF. Optimal Trajectories for Space Navigation.
tus, early results. American Astronomical Society, 2004, London: Butterworths, 1963
35: 1040 22 Carter TE. State transition matrices for terminal ren-
5 Persson S, Veldman S, Bodin P. PRISMA-A formation fly- dezvous studies: brief survey and new example. Journal
ing project in implementation phase. Acta Astronautica, of Guidance, Control, and Dynamics, 1998, 21(1): 148-155
2009, 65(9-10): 1360-1374 23 Yamanaka K, Ankersen F. New state transition matrix for
6 Borde J, Teston F, Santandrea S, et al. Feasibility of relative motion on an arbitrary elliptical orbit. Journal of
the PROBA-3 formation flying demonstration mission as a Guidance Control, and Dynamics, 2002, 25(1): 60-66
pair of microsats in GTO. 55th International Astronautical 24 Kechichian JA. Motion in general elliptic orbit with respect
Congress, 2004, 12: 7719-7728 to a dragging and precessing coordinate frame. Journal of
7 Giulicchi L, Wu SF, Fenal T. Attitude and orbit control sys- the Astronautical Sciences, 1998, 46(1): 25-45
tems for the LISA Pathfinder mission. Aerospace Science 25 Theron A, Karai-Zaitri M, Arzelier D, et al. Nonlinear and
and Technology, 2013, 24(1): 283-294 linear local Cartesian relative motion state models for J2
8 Racca GD, McNamara PW. The LISA pathfinder mission perturbed elliptical orbits. 21st International Symposium
tracing Einstein’s geodesics in space. Space Science Re- on Space Flight Dynamics, Toulouse, France, 2009
views, 2010, 151(1-3): 159-181 26 Schaub H, Alfriend KT. Jy Invariant relative orbits for
9 Sullivan J, Grimberg S, D’Amico S. Comprehensive survey spacecraft formations. Celestial Mechanics, and Dynam-
and assessment of spacecraft relative motion dynamics mod- ical Astronomy, 2001, T9(2): T7-95
els. Journal of Guidance, Control, and Dynamics, 2017, . . " . .
27 Gim DW, Alfriend KT. State transition matrix of relative
40(8): 1837-1859 . . .
10 Sun H, Li S, Fei S. A composite control scheme for 6DOF motion for. the perturbed noncircular r.eference orbit. Jour-
) ] nal of Guidance Control, and Dynamics, 2003, 26(6): 956-
spacecraft formation control. Acta Astronautica, 2011, 971
69(7): 595-611
11 Clohessy WH. Terminal guidance system for satellite ren- 28 Brouwer D. Solution of the problem of artificial satellite
. theory without drag. Astronomical Journal, 1959, 64(64):
dezvous. Journal of the Aerospace Sciences, 1960, 27(9):
653-658 378
12 Alfriend KT, Vadali SR, Gurfil P, et al. Spacecraft For- 29 Koenig AW, Guffanti T, D’Amico S. New state transition
mation Flying: Dynamics, Control and Navigation. Heine- matrices for relative motion of spacecraft formations in per-
mann: Butterworth, 2000: 1-382 turbed orbits. ATAA/AAS Astrodynamics Specialist Con-
13 Lovell TA, Tragesser S. Guidance for relative motion of ference, Long Beach, California, 2016
low earth orbit spacecraft based on relative orbit elements. 30 dude, FRE, FalE DRK TR HIEH RS LA
ATAA/AAS Astrodynamics Specialist Conference and Ex- TR, 2000, 25(4): 473-478
hibit, Providence, USA, 2004 Meng Xin, Li Junfeng, Gao Yunfeng. Study on pertur-
14 Schweighart SA, Sedwick RJ. High-fidelity linearized J bations in the relative orbit of satellite formation flying.
model for satellite formation flight. Journal of Guidance Journal of Astronautics, 2009, 25(4): 473-478 (in Chinese)
Control, and Dynamics, 2002, 25(6): 1073-1080 31 FRUE, mmiE DREIN TR EEERPI. T 5%
15 Izzo D, Sabatini M, Valente C. A new linear model describ- #, 2002, 24(2): 1-6
ing formation flying dynamics under J effects. Proceedings Li Junfeng, Gao Yunfeng. Study on satellite formation fly-
of the 17th AIDAA National Congress, 2003, 1: 15-19 ing dynamics and control. Mechanics in Engineering, 2002,
16 Leonard CL, Hollister WM, Bergmann EV. Orbital forma- 24(2): 1-6 (in Chinese)
tion keeping with differential drag. Journal of Guidance 32 i, T, A, MR P AR LA E S R g A i
Control, and Dynamics, 2012, 10(10): 755-765 SR PEERREEAR, 2013, 83(3): 37-45
17 Humi M, Carter T. Rendezvous equations in a central-force Cao Jing, Yuan Jianping, Luo Jianjun. Periodic solution
field with linear drag. Journal of Guidance, Control, and to elliptical orbit nonlinear relative motion model and the
Dynamics, 2002, 25(1): 74-79 application. Chinese Space Science and Technology, 2013,
18 Bevilacqua R, Romano M. Rendezvous maneuvers of multi- 33(3): 37-45 (in Chinese)
ple spacecraft using differential drag under Js perturbation. 33 kAt TRBREL gnPA %AT R BERIEUE D) ) R ST %
Journal of Guidance, Control, and Dynamics, 2008, 31(6): T FEHEFR, 2001, 22(4): 7-12
1595-1607 Xiao Yelun, Zhang Xiaomin. Orbital dynamical character-
19 Stringer MT, Newman B, Lovell TA, et al. Analysis of istics and configuration design of formation flying satellites.

The
23rd International Symposium on Space Flight Dynamics,
Pasadena, CA, 2012

a new nonlinear solution of relative orbital motion.

34

Journal of Astronautics, 2001, 22(4): 7-12 (in Chinese)
Alfriend K, Yan H. An orbital elements based approach to

the nonlinear formation flying problem. The International



2 W PN AR5 HIRPUE TR 3R DA AT B 7 2 ST 7T LRk 131
Formation Flying Conference: Missions and Technologies, rendezvous and docking. Acta Astronautica, 2013, 91(10):
Toulouse, France, 2002 237-244
35 Soop EM. Handbook of geostationary orbits. Springer Sci- 50 Zhang F, Duan G. Robust integrated translation and ro-

ence and Business Media, 1994 tation finite-time maneuver of a rigid spacecraft based on
36 Eckstein MC, Rajasingh CK, Blumer P. Colocation strat- dual quaternion. ATAA Guidance, Navigation, and Control

egy and collision avoidance for the geostationary satellites at Conference, Portland, Oregon, 2011

19 degrees west. International Symposium on Space Flight 51 Huang X, Yan Y, Zhou Y, et al. Dual-quaternion based dis-

Dynamics, Toulouse, 1989 tributed coordination control of six-DOF spacecraft forma-
37 Arbinger C, D’Amico S, Eineder M. Precise Ground-in-the- tion with collision avoidance. Aerospace Science and Tech-

loop orbit control for low Earth observation satellites. The nology, 2017, 67: 443-455

18th International Symposium on Space Flight Dynamics, 52 Lawton JR. A behavior-based approach to multiple space-

Munich, Germany, 2004 craft formation flying. [PhD Thesis|. Brigham: Brigham
38 D’Amico S. Autonomous formation flying in low Earth or- Young University, 2000

bit. [PhD Thesis]. Delft: Delft Univeristy of Technology, 53 Scharf DP, Hadaegh FY, Ploen SR. A Survey of space-

2010 craft formation flying guidance and control, part II: control.
39 Gaias G, Ardaens JS, Montenbruck O. Model of J per- The American Control Conference, Boston, Massachusetts,

turbed satellite relative motion with time-varying differen- USA, 2004

tial drag. Celestial Mechanics and Dynamical Astronomy, 54 Wang PKC, Hadaegh FY. Coordination and control of mul-

2015, 123(4): 1-23 tiple micro-spacecraft moving in formation. The Journal of
40 Thanh V, Amir R. Analysis of a distributed estimation and the Astronautical Sciences, 1996, 44(3): 315-355

control scheme for formation flying spacecraft. Aerospace 55 Wang PKC, Hadaegh FY. Optimal formation-

Science and Technology, 2018, 73: 232-238 reconfiguration for multiple spacecraft. The American
41 Chung S, Bandyopadhyay S, Foust R, et al. Review of for- Institute of Aeronautics and Astronautics Guidance and

mation flying and constellation missions using nanosatel- Control Conference, Boston, 1998

lites. Journal of Guidance, Control, and Dynamics, 2017, 56 Wang PKC. Navigation strategies for multiple autonomous

53(3): 567-578 mobile robots moving in formation. Journal of Robotic Sys-
42 Segal S, Gurfil P. Effect of kinematic rotation-translation tems, 1991, 8(2): 177-195

coupling on relative spacecraft translational dynamics. 57 Wang PKC, Hadaegh FY. Formation flying of multiple

Journal of Guidance Control, and Dynamics, 2012, 32(3): spacecraft with autonomous rendezvous and docking capa-

1045-1050 bility. IET Control Theory and Application, 2007, 1(2):
43 Shasti B, Alasty A, Assadian N. Robust distributed con- 494-504

trol of spacecraft formation flying with adaptive network 58 Xu YJ, Tatsch A, Fitz-coy NG. Chattering free sliding

topology. Acta Astronautica, 2017, 136C: 281-296 model control for a 6DOF formation flying mission. ATAA
44 Gurfil P. Euler parameters as nonsingular orbital elements Guidance, Navigation, and Control Conference, San Fran-

in near-equatorial orbits. Journal of Guidance Control, and cisco, California, 2005

Dynamics, 2005, 28(5): 1079-1084 59 Stansbery DT, Cloutier JR. Nonlinear control of satellite
45 Brodsky V, Shoham M. Dual numbers representation of formation flight. ATAA Guidance, Navigation, and Control

rigid body dynamics. Mechanism and Machine Theory, Conference, Denver, CO, 2000

1999, 34(5): 693-718 60 Park HE, Park SY, Choi KH. Satellite formation recon-
46 T8I, Fhs, FhJRAT. BT XHEE AR R G 3 ) SR figuration and station-keeping using state-dependent Ric-

FRLEEMR, 2010, 31(7): 1711-1717 cati equation technique. Aerospace Science and Technology,

Wang Jianying, Liang Haizhao, Sun Zhaowei. Dual number- 2011, 15(6): 440-452

based relative coupled dynamics and control. Journal of 61 Massari M, Zamaro M. Application of SDRE technique to

Astronautics, 2010, 31(7): 1711-1717 (in Chinese) orbital and attitude control of spacecraft formation flying.
47 Zhang F, Duan GR. Robust integrated translation and ro- Acta Astronautica, 2014, 94(1): 409-420

tation finite-time maneuver of a rigid spacecraft based on 62 Kumar BS, Ng A. Time-optimal low-thrust formation ma-

dual quaternion. ATAA Guidance, Navigation, and Control neuvering using a hybrid linear/nonlinear controller. Jour-

Conference, Portland, 2011 nal of Guidance, Control, and Dynamics, 2009, 32(1): 343-
48 RHER, BAXEE, B, SRS AEXE I SRS R LTI, 347

PUAb Tl K224k, 2015, 33(6): 887-891 63 Wong H, Pan HZ, Kapila V. Output feedback control for

Zhu Zhanxia, Ma Jiajin, Fan Ruishan. Coupling analysis on spacecraft formation flying with coupled translation and at-

relative motion of spacecraft attitude and orbit model based titude dynamics. The American Control Conference, Port-

on dual quaternion. Journal of Northwestern Polytechnical land, USA, 2005

University, 2015, 33(6): 887-891 (in Chinese) 64 Bondhus AK, Pettersen KY, Gravdahl JT. Leader/follower
49 Qiao B, Tang S, Ma K, et al. Relative position and atti- synchronization of satellite attitude without angular veloc-

tude estimation of spacecrafts based on dual quaternion for

ity measurements. The IEEE Conference on Decision and



132 R 2019 4 2 41 &
Control, Spain, 2005 [F4Ed]. FALEER, 2012, 33(7): 910-919

65 Godard, Kumar KD. Fault tolerant reconfigurable satel- Zhang Baoqun, Song Shenmin, Chen Xinglin. Robust co-
lite formations using adaptive variable structure techniques. ordinated control for formation flying satellites with time
Journal of Guidance Control, and Dynamics, 2010, 33(3): delays and switching topologies. Journal of Astronautics,
969-984 2012, 33(7): 910-919 (in Chinese)

66 Godard, Kumar KD, Zou AM. Robust stationkeeping 78 XUFRR, T4, FOMEITAE. AT HbEE g BN TCAT R M R R
and reconfiguration of underactuated spacecraft formations. JrFEETE. _BWENR, 2014, 31(4): 6-10
Acta Astronautica, 2014, 105: 495-510 Liu Fucheng, Wan Bei, Du Yaoke, et al. Research on satel-

67 Ahn HS , Oh KK. Command coordination in multi-agent lites formation-keeping control in low earth orbit. Aerospace
formation: euclidean distance matrix approaches. Inter- Shanghai, 2014, 31(4): 6-10 (in Chinese)
national Conference on Control Automation and Systems, 79 Balch T, Arkin RC. Behavior-based formation control for
Gyeonggi-do, South Korea, 2010 multi-robot teams. IEEE Transactions on Robotics and

68 Zhao WH, Go TH. Robust cooperative leader-follower for- Automation, 1988, 14(6): 926-939
mation flight control. 2010 11th International Conference 80 Mclnnes CR. Autonomous ring formation for a planar con-
on Control Automation Robotics & Vision, Singapore, 2010 stellation satellites. Journal of Guidance, Control, and Dy-

69 Zou AM, Kumar KD. Distributed attitude coordination namics, 1995, 18(5): 1215-1217
control for spacecraft formation flying. IEEE Transactions 81 Lawton J, Beard RW, Hadaegh FY. Elementary attitude
on Aerospace and Electronic Systems, 2012, 48(2): 1329- formation maneuvers via leader-following and behavior-
1346 based control. AIAA Guidance, Navigation, and Control

70 Bechlioulis CP, Kyriakopoulos KJ. Robust model-free for- Conference and Exhibit, Denver, Colorado, 2000
mation control with prescribed performance for nonlinear 82 Lawton J, Yong B, Beard RW. Synchronized multiple space-
multi-agent systems. 2015 IEEE International Conference craft rotation. Automatica, 2002, 38(8): 1359-1364
on Robotics and Automation (ICRA), Seattle, Washington, 83 Dario I, Lorenzo P. Autonomous and distributed motion
2015 planning for satellite swarm. Journal of Guidance, Con-

71 Lee KW, Singh SN. Attractive manifold-based trol, and Dynamics, 2007, 30(2): 449-459
noncertainty-equivalence adaptive spacecraft formation fly- 84 VanDyke MC, Hall CD. Decentralized coordinated attitude
ing using output feedback. 2018 AIAA Guidance, Naviga- control within a formation of spacecraft. Journal of Guid-
tion, and Control Conference, Kissimmee, USA, 2018 ance, Control, and Dynamics, 2006, 29(5): 1101-1109

72 FAR, FEF. WonHE R PR EEEHI TR, AT 85 FlH, WHT. Jmbh ®AT/N T EMXTEEEHT . PR,
2%, 2000, 18(1): 36-38 2002(4): 16-20, 32
Wang Jun, Yuan Jianping. Application of quaternion to Wei Juan, Yuan Jianping. The Research of relative atti-
the attitude control of an accompanying satellite of space tude control on small satellite formation flying. Aerospace
station. Fight Dynamics, 2000, 18(1): 36-38 (in Chinese) Control, 2002(4): 16-20, 32 (in Chinese)

73 WKIEE, R, FEETE. LRGN AT MR LS. 86 T, B EE. KB TR GBI A R F LS. fREE
THERFEW (HRER), 2006, 46(11): 1914-1917 1, 2005, 23(1): 27-50
Zhang Zhiguo, Li Junfeng, Baoyin Hexi. Attitude tracking Xue Dan, Cao Xibin. Decentralized coordinated attitude
control for satellite formation flying. Journal of Tsinghua control for large satellite formation. Aerospace Control,
University (Sci & Tech), 2006, 46(11): 1914-1917 (in Chi- 2005, 23(1): 27-50 (in Chinese)
nese) 87 ZEHFE. B\ B 4 7S B IR 1) 5 i NI S B R T VAT AL

74 B, BRI, 5EICEE. SiBA InSAR HHX LSRR, FH W3], ME/REE: M /R DK%, 2010
%, 2007, 28(2): 338-343 Liang Haizhao. Research on coordinated attitude control
Li Huayi, Zhang Yingchun, Qiang Wenyi, et al. Relative approach of satellite formation flying and compensation of
attitude control for spacecraft formation InSAR.. Journal of input delay. [Master Thesis]. Harbin: Harbin Institute of
Astronautics, 2007, 28(2): 338-343 (in Chinese) Technology, 2010 (in Chinese)

75 Jin ED, Sun ZW. Passivity-based control for a flexible 88 Liang HZ, Wang JY, Sun ZW. Robust decentralized co-
spacecraft in presence of disturbances. International Jour- ordinated attitude control of spacecraft formation. Acta
nal of Non-Linear Mechanics, 2010, 45(4): 348-356 Astronautica, 2011, 69: 280-288

76 WK, B, B8, LHAREN @GN LT ER 89 Zhang BQ, Song SM. Decentralized coordinated control for
BATRAT B IE R A FER BRI 6] A 3R, 2012, 38(3): multiple spacecraft formation maneuvers. Acta Astronau-
462-468 tica, 2012, 74: 79-97
Hu Qinglei, Zhou Jiakang, Ma Guangfu. Angle velocity 90 WA M. HTAT N AR B 9 A 2 AT MR HI A, (W4
free attitude synchronization adaptive tracking control for 3. MAURIE: MR RIE TR, 2012
satellite formation flying with time-varying delays. Acta Si Juntian. Research on behavior-based multi-behavior con-
Automatica Sinica, 2012, 38(3): 462-468 (in Chinese) trol of spacecraft formation. [Master Thesis]. Harbin:

TTOSROREE, AR, FRMAR. 7RI F U 1) TR Y A B AR P Harbin Institute of Technology, 2012 (in Chinese)



2 W PN AR5 HIRPUE TR 3R DA AT B 7 2 ST 7T LRk 133

91 LW, VrkA, iKlESE. AT NNAES1E B R 2 iR 8 4m B\ in the presence of disturbances. IEEE Transactions on
POz, A E AR R, 2017, 37(1): 19-25 Aerospace and Electronic Systems, 2017, 53(5): 2534-2543
‘Wang Tao, Xu Yongsheng, Zhang Yingchun, et al. Trajec- 108 AT B, Rt~ ek, FET iR 90h 4 b 1 43 A1 g A 42 il v,
tory planning for non-cooperative target multi-spacecraft MR EAR, 2007, 25(4): 387-391
formation based on behavior strategy. Chinese Space Sci- He Zhen, Lu Yuping, Liu Yanbin. Distributed control of
ence and Technology, 2017, 37(1): 19-25 (in Chinese) formation maneuvers based on virtual structures. Journal

92 Liu HT, Shan JJ, Sun D. Adaptive synchronization con- of Applied Sciences, 2007, 25(4): 387-391 (in Chinese)
trol of multiple spacecraft formation. Journal of Dynamic 109 k%, FHEwE, XMEHL T Rl I TR g AL i ).
Systems, Measurement, and Control, 2007, 129: 337-342 ARG TREHETFHAR, 2011, 33(1): 143-145,156

93 Shan JJ, Liu HT. Close-formation flight control with mo- Feng Chengtao, Wang Huinan, Liu Haiying. Maneuver con-
tion synchronization. Journal of Guidance, Control, and trol of satellite formation based on virtual structure, Sys-
Dynamics, 2005, 28(6): 1316-1320 tems Engineering and Electronics, 2011, 33(1): 143-145,156

94 Shan JJ. 6-DOF synchronization control for multiple space- (in Chinese)
craft formation flying. AIAA Guidance, Navigation and 110 35, 25/, Wl RsE. B AL 1 122 g DA ¥AT & R
Control Conference and Exhibit, Hawaii, 2008 PrE . R E 2 A ERAR, 2015, 6(3): 75-83

95 Ren W, Beard R. Virtual structure based spacecraft for- Huang Yong, Li Xiaojiang, Yang Yewei, et al. Adaptive co-
mation control with formation feedback. AIAA Guidance, operative control for satellite formation flying using virtual
Navigation, and Control Conference and Exhibit, Monterey, structure. Chinese Space Science and Technology, 2015,
California, 2002 6(3): 75-83 (in Chinese)

96 Young BJ, Beard RW, Kelsey JM. A control scheme for 111 Hadaegh FY, Ghavimi AR, Singh G, et al. A centralized
improving multi-vehicle formation maneuvers. The 2001 optimal controller for formation flying spacecraft. Interna-
American Control Conference, Arlington, USA, 2001 tional Conference Intelligent Technology, Bangkok, Tailand,

97 Ren W, Beard R. Decentralized scheme for spacecraft for- 2000
mation flying via the virtual structure approach. Journal 112 Speyer JL. Computation and transmission requirements for
of Guidance, Control, and Dynamics, 2004, 27(1): 73-82 a decentralized linear-quadratic-gaussian control problem.

98 Malla R, Watkins J, Piper G. Study of pointing maneu- IEEE Trans Automatic Control, 1979, 24(2): 266-269
vers for a spacecraft virtual structure formation. The 113 Folta D, Carpenter JR, Wagner C, Formation flying with
Thirty-Eighth Southeastern Symposium on System Theory, decentralized control in libration point orbits. Int symp
Cookeville, USA, 2006 Space Flight Dyn, Biarritz, France, 2000

99 Ren W, Beard R. Decentralized scheme for spacecraft for- 114 Ulybyshev Y. Long-term formation keeping of satellite con-
mation flying via the virtual structure approach. Journal stellation using linear-quadratic controller.  Journal of
of Guidance, Control, and Dynamics, 2004, 27(1): 73-82 Guidance, Control, and Dynamics, 1998, 21(1): 109-115

100 Cong B, Liu X, Chen Z. Distributed attitude synchroniza- 115 Olfati-Saber R, Murray RM. Distributed cooperative con-
tion of formation flying via consensus-based virtual struc- trol of multiple vehicle formations using structural potential
ture. Acta Astronautica, 2011, 68(11-12): 1973-1986 functions. IFAC Proceedings, 2002, 35(1): 495-500

101 Ren W, Beard RW. Formation feedback control for multiple 116 Dunbar WB, Murray RM. Model predictive control of co-
spacecraft via virtual structures. IEEE Proceedings-Control ordinated multi-vehicle formations. The 41st IEEE Confer-
Theory and Applications, 2004, 151(3): 357-368 ence on Decision and Control, Las Vegas, USA, 2002

102 Feng C, Wang H, Liu H. Maneuver control of satellite for- 117 Scharf DP, Hadaegh FY, Ploen SR. A survey of spacecraft
mation based on virtual structure. Systems Engineering formation flying guidance and control, part I: control. The
and Electronics, 2011, 33(1): 143-145 2004 American Control Conference, Boston, USA, 2004

103 Kim Y, Ahn C. Point targeting of multisatellites via a vir- 118 Luo J, Zhou L, Jiang Q, et al. 6 DOF coordinated control
tual structure formation flight scheme. Journal of Guid- using cyclic pursuit for spacecraft formation. Journal of
ance, Control, and Dynamics, 2009, 32(4): 1330-1344 Astronautics, 2017, 38(2): 166-175

104 Huang Y, Li X, Li L, et al. Adaptive cooperative control for 119 Hu M, Zeng G. Autonomous decentralized coordination con-
satellites formation flying based on virtual structure. The trol for fractionated spacecraft formation reconfiguration
33rd Chinese Control Conference, Nanjing, China, 2014 based on cyclic pursuit strategy. Advances in the Astro-

105 Hassani A, Saghafi F, Pasand M. H., and p synthesis con- nautical Sciences, 2012, 145: 563-575
trol of virtual structure satellites formation flying. Interna- 120 Anderson M, Robbins A. Formation flight as a cooperative
tional Journal of Dynamics and Control, 2016: 1-5 game. Guidance, Navigation, and Control Conference and

106 Chen Y'Y, Tian YP. A backstepping design for directed for- Exhibit, Boston, USA, 1998
mation control of three-coleader agents in the plane. Inter- 121 Wang PKC. Navigation strategies for multiple autonomous
national Journal of Robust and Nonlinear Control, 2009, mobile robots moving in formation. Journal of Robotic Sys-
19(7): 729-745 tems, 1991, 8(2): 177-195

107 Shahbazi B, Malekzadeh M, Koofigar HR. Robust con- 122 Balch T, Arkin RC. Behavior-based formation control for

strained attitude control of spacecraft formation flying

multirobot teams. IEEE Transactions on Robotics and Au-



134

HE

i

153 2019 4 2 41 &

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

tomation, 1998, 14(6): 926-939

Young BJ. Mobile robots: coordinating and control. [Mas-
ter Thesis]. Provo: Brigham Young Univ, 2000

Young BJ, Beard RW, Kelsey JM. A control scheme for
improving multi-vehicle formation maneuvers. The 2001
American Control Conference, Arlington, USA, 2001

Bi P, Luo JJ, Zhang B. Cooperate control algorithm for
spacecraft formation flying based on consensus theory.
Journal of Astronautics, 2010, 31(1): 70-74

Chen Z, Wang H, Liu H. Research on distributed satellite at-
titude synchronization based on information on information
consensus. Journal of Astronautics, 2010, 31(10): 2283-
2288

Zhang H, Hu Q, Ma G. Robust adaptive cooperative track-
ing control for multi-spacecraft formation flight based on
directed graph. Journal of Astronautics, 2012, 33(8): 1072-
1079

Liu F, Mei J, Ma G. Adaptive distributed consensus for rel-
ative orbit of modular spacecraft under a directed graph.
Control Theory and Applications, 2014, 31(2): 223-229
Cong BL, Liu XD, Chen Z. Distributed attitude synchro-
nization of formation flying via consensus-based virtual
structure. Acta Astronautica, 2011, 68(11-12): 1973-1986
Hayakawa T, Mohanarajah G. Attitude consensus with
fixed rotational axis via energy dissipation. 47th IEEE Con-
ference on Decision and Control, Cancun, Mexico, 2008
Ren W. Distributed attitude alignment in spacecraft forma-
tion flying. International Journal of Adaptive Control and
Signal Processing, 2007, 21(2-3): 95-113

Ren W. Distributed cooperative attitude synchronization
and tracking for multiple rigid bodies. IEEE Trans Control
Systems Technology, 2010, 18(2): 383-392

Listmann KD, Woolsey CA, Adamy J. Passivity-based coor-
dination of multi-agent systems: a backstepping approach.
2009 European Control Conference, Budapest, Hungry,
2009

Igarashi Y, Hatanaka T, Fujita M, et al. Passivity-based
attitude synchronization in SE (3). IEEE Transactions on
Control Systems Technology, 2009, 17(5): 1119-1134
Sarlette A, Sepulchre R, Leonard NE. Autonomous rigid
body attitude synchronization. Automatica, 2009, 45(2):
572-577

Hayakawa T. Adaptive synchronization control of space-
craft with fixed rotational axis. 2009 ICCAS-SICE,
Fukuoda, Japan, 2009

Jin ED, Jiang XL, Sun ZW. Robust decentralized attitude
coordination control of spacecraft formation. Systems and
Control Letters, 2008, 57(7): 567-577

TR, PR, R A TE S SO TR R AP ] 4
HISRNS. B2 23], 2010, 31(5): 1004-1013

Zhang Bo, Luo Jianjun, Yuan Jianping. A satellite forma-
tion cooperative control strategy based on information con-
sensus. Acta Aeronautica ET Astronautica Sinica, 2010,
31(5): 1004-1013 (in Chinese)

TR, FE T BB R TR A5 g A P IR P ) ORI . (Rt
W], BEURER: ME/RIE TR, 2010

140

141

142

143

144

145

146

147

148

149

150

151

152

153

Zhang Fan. Research on consensus-based cooperative con-
trol of spacecraft formation. [Master Thesis|. Harbin:
Harbin Institute of Technology, 2010 (in Chinese)

JARRRE, WK, ) R4S, BT B SE R IR G B R B
EREEES. Ra TRESHETFHEAR, 2011, 33(4): 825-832
Zhou Jiakang, Hu Qinglei, Ma Guangfu, et al. Coopera-
tive attitude and translation control of satellite formation
flying using consensus algorithm. Systems Engineering and
Electronics, 2011, 33(4): 825-832 (in Chinese)

SRR, BT — BRI 1) TR g A A/ O i TR 45 A AT
6. 650 JLRmT A, 2015

Guo Yaohua. Sliding mode/backstepping coordinated con-
trol of satellite formation based on consensus theory. [Mas-
ter Thesis]. Beijing: Bejing Institute of Technology, 2015
(in Chinese)

Kang W, Yeh HH, Sparks A. Coordinated control of rela-
tive attitude for satellite formation. AIAA Guidance, Nav-
igation, and Control Conference and Exhibit, Montreal,
Canada, 2001

Kang W, Sparks A. Coordinated attitude and formation
control of multi-satellite systems. AIAA Guidance, Naviga-
tion, and Control Conference and Exhibit, Monterey, Cali-
fonia, 2002

Kang W, Yeh HH. Coordinated attitude control

multi-satellite systems.

of
International Journal of Robust
and Nonlinear Control, 2002, 12(2-3): 185-205

Lee D, Li PY. Passive decomposition of multiple mechanical
systems under coordination requirements. 43rd IEEE Con-
ference on Decision and Control (CDC), Nassau, Bahamas,
2004

Lee D, Li PY. Passive decomposition approach to forma-
tion and maneuver control of multiple rigid bodies. Jour-
nal of Dynamic Systems, Measurement, and Control, 2007,
129(5): 662-677

Schaub H, Parker GG, King LB. Challenges and prospects
of coulomb spacecraft formation control.
Astronautical Sciences, 2004, 52(1-2): 169-193
King LB, Parker GG, Deshmukh S, et al.
formation-flying using inter-vehicle coulomb forces. NIAC
Phase I Final Report, 2002

King L, Parker G, Deshmukh S, et al. A Study of inter-
spacecraft coulomb forces and implications for formation
flying. Journal of Propulsion and Power, 2003, 19(3): 497-
505

Wang S, Schaub H. Coulomb control of nonequilibrium fixed

Journal of the

Spacecraft

shape triangular three-vehicle cluster. Journal of Guidance
Control and Dynamics, 2015, 34(1): 259-270

Branicky MS. Multiple Lyapunov functions and other anal-
ysis tools for switched and hybrid systems. IEEE Transac-
tions on Automatic Control, 1998, 43(4): 475-482
Natarajan A, Schaub H. Linear dynamics and stability anal-
ysis of a two-craft coulomb tether formation.
Guidance Control and Dynamics, 2006, 29(4): 831-839
Natarajan A, Schaub H. Hybrid control of orbit normal and

Journal of

along-track two-craft coulomb tethers. Aerospace Science



2 W PN AR5 HIRPUE TR 3R DA AT B 7 2 ST 7T LRk 135
and Technology, 2009, 13(4): 183-191 167 Zhang YW, Yang LP, Zhu YW, et al. Self-docking capa-
154 Tahir AM, Narang-Siddarth A. Constructive nonlinear ap- bility and control strategy of electromagnetic docking tech-
proach to coulomb formation control. 2018 AIAA Guid- nology. Acta Astronautica, 2011, 69(11): 1073-1081
ance, Navigation, and Control Conference, Kissimmee, 168 Miller DW, Ahsun U, Ramirezriberos JL. Control of electro-
Florida, 2018 magnetic satellite formations in near-Earth orbits. Journal
155 Jifiah. TR J1gmbA YAT K iEH R B LSRR, Bl2AH AR of Guidance Control, and Dynamics, 2012, 33(6): 1883-
#, 2017(32): 158-159 1891
Shi Qiang. Research on satellite coulomb formation flying 169 Kwon DW. Propellantless formation flight applications us-
and control development. Scientific and Technological In- ing electromagnetic satellite formations. Acta Astronautica,
novation, 2017(32): 158-159 (in Chinese) 2010, 67(9): 1189-1201
156 HiEk, VL, BB, HERESLRM A EC T ER 170 Schweighart SA, Sedwick RJ. Explicit dipole trajectory so-
GEMETH. FHFR, 2015, 36(5): 557-565 lution for electromagnetically controlled spacecraft clusters.
Huang Jing, Li Chuanjiang, Ma Guangfu, et al. Nonlinear Journal of Guidance Control and Dynamics, 2012, 33(4):
control for reconfiguration of a spinning two-body coulomb 1225-1235
satellite system with state constraints. Journal of Astro- 171 Elias LM, Kwon DW, Sedwick RJ, et al. Electromagnetic
nautics, 2015, 36(5): 557-565 (in Chinese) formation flight dynamics including reaction wheel gyro-
157 Fh5, BB, =R, KRR R ARSI &S T AP scopic stiffening effects. Journal of Guidance Control and
R, RETHRSHTHAR, 2010, 38(2): 305-313 Dynamics, 2007, 30(2): 499-511
Wang Ting, Xia Guangqing, Lan Congchao. Optimal static 172 Ahsun U, Rodgers L, Miller DW. Comparison between
configurataion of non-equal mass coulomb formation satel- structurally connected propellant formation flying and elec-
lites by PSO. Systems Engineering and FElectronics, 2010, tromagnetic formation flying spacecraft configurations for
38(2): 305-313 (in Chinese) Gen-X mission. Optics and Photonics 2005, San Diego,
158 E4F. KRR G HERE T /-G TR 5 LB M KR 7E. ioR4E USA, 2005
fil, 2017(2): 20-24 173 Hussein I, Bloch A. Stability and control of relative equi-
Wang Ting. Study of coulomb satellites formation reconfig- libria of three-spacecraft magnetically tethered systems.
uration by hybrid propulsion. Aerospace Control, 2017(2): ATAA/AAS Astrodynamics Specialist Conference and Ex-
20-24 hibit, Honolulu, Hawaii, 2008
159 Shoer JP, Peck MA. A flux-pinned magnetic-super con- 174 Huang H, Zhu YW, Yang LP, et al. Stability and shape
ductor pair for close-proximity station keeping and self- analysis of relative equilibrium for three-spacecraft electro-
assembly of spacecraft. ATAA Guidance, Navigation, and magnetic formation. Acta Astronautica, 2014, 94(1): 116-
Control Conference, Hilton Head, South Carolina, 2007 131
160 Inampudi R, Schaub H. Two-craft tether formation relative 175 Zeng G, Hu M. Finite-time control for electromagnetic satel-
equilibria about circular orbits and libration points. Acta lite formations. Acta Astronautica, 2012, 74(3): 120-130
Astronautica, 2011, 68(11): 1761-1773 176 W%, R, XS BN TR AT AR P
161 Shoer J, Peck M. Reconfigurable spacecraft as kinematic ISR, 2009, 28(3): 54-57
mechanisms based on flux-pinning interactions. Journal of Feng Chengtao, Wang Huinan, Liu Haiying, et al. Non-
Spacecraft and Rockets, 2009, 46(2): 466-469 linear control for electromagnetic formation flight of multi-
162 Norman MC, Peck MA. Simplified model of a flux-pinned satellites. Transducer and Microsystem Technologies, 2009,
spacecraft formation. Journal of Guidance, Control, and 28(3): 54-57 (in Chinese)
Dynamics, 2010, 33(3): 814-822 177 Peck MA, Streetman B, Saaj CM, et al. Spacecraft for-
163 F3K, MR, REMFSE. NAEMET RN PSR et S5 mation flying using Lorentz forces. Journal of the British
il 25 36 Jm Bk, K, 2017 Interplanetary Society, 2007, 60(7): 263-267
Gao Ce, Yang Leping, Zhu Yanwei, et al. Stability and 178 Yamakawa H, Mai B, Yano K, et al. Spacecraft relative
control of flux-pinned two-craft formation equilibrium. The dynamics under the influence of geomagnetic Lorentz force.
36th Chinese Control Conference, Dalian, China, 2017 (in ATAA/AAS Astrodynamics Specialist Conference, Toronto,
Chinese) Canada, 2013
164 Kwon DW. Propellantless formation flight applications us- 179 Shu T, Mai B, Yamakawa H. Spacecraft formation flying
ing electromagnetic satellite formations. Acta Astronautica, dynamics and control using the geomagnetic Lorentz force.
2010, 67(9): 1189-1201 Journal of Guidance Control and Dynamics, 2015, 36(36):
165 Kwon DW. Electromagnetic formation flight of satellite ar- 136-148
rays. [Master Thesis]. Cambridge: Massachusetts Institute 180 Pollock GE, Gangestad JW, Longuski JM. Analytical so-
of Technology, 2005 lutions for the relative motion of spacecraft subject to
166 Sakaguchi A. Micro-electromagnetic formation flight of Lorentz-force perturbations.  Acta Astronautica, 2011,
satellite systems. [Master Thesis]. Cambridge: Mas- 68(1): 204-217
sachusetts Institute of Technology, 2013 181 Streetman B, Peck MA. New synchronous orbits using the



136 hoo% 5 % K 2019 F 2 41 &
geomagnetic Lorentz force. Journal of Guidance Control 195 Joslyn TB, Ketsdever A. Constant momentum exchange be-
and Dynamics, 2007, 30(30): 1677-1690 tween microspacecraft using liquid droplet thrusters. 46th

182 Gangestad JW, Pollock GE, Longuski JM. Lagrange’s plan- ATAA/ASME/SAE/ASEE Joint Propulsion Conference &
etary equations for the motion of electrostatically charged Exhibit, Nashville, USA, 2010
spacecraft. Celestial Mechanics and Dynamical Astronomy, 196 Ketsdever A, Schonig JA. Constant momentum exchange
2010, 108(2): 125-145 to maintain spacecraft formations. Journal of Spacecraft

183 Sobiesiak L, Damaren C. Hybrid periodic differential and Rockets, 2015, 49(1): 69-75
element control using the geomagnetic Lorentz force. 197 Ivanov D, Ovchinnikov M, Shestakov S. Satellite formation
ATAA/AAS Astrodynamics Specialist Conference, Min- flying control by mass exchange. Acta Astronautica, 2014,
neapolis, Minnesota, 2013 102: 392-401

184 Sobiesiak LA, Damaren CJ. Optimal continuous/impulsive 198 Shestakov S, Ivanov D, Ovchinnikov M. Formation-flying
control for Lorentz-augmented spacecraft formations. Jour- momentum exchange control by separate mass. Journal of
nal of Guidance Control and Dynamics, 2015, 38(1): 151- Guidance Control, and Dynamics, 2015, 38(8): 1-10
157 199 Macdonald M, Innes CMC. Solar sail science mission ap-

185 Ludwik AS, Christopher JD. Controllability of Lorentz- plications and advancement. Advances in Space Research,
augmented spacecraft formations. Journal of Guidance, 2011, 48(11): 1702-1716
Control, and Dyn.amzcs, 2015, 38(11): 2188_2195. 200 Mclnnes CR. Solar Sailing: Technology, Dynamics And

186 Leonard CL, Hollister WM, Bergmann EV. Orbital forma- Mission Applications. Berlin: Springer-Verlag, 1999
tion keepi ith diff tial drag. J l Guid,

ton feeptug wi ifferential drag. Journal of Guidance 201 Biggs JD, Mcinnes C. Solar sail formation flying for deep-
Control, and Dynamics, 2012, 10(10): 755-765 .
space remote sensing. Journal of Spacecraft and Rockets,
187 Reid T, Misra AK. Formation flight of satellites in the pres-
2009, 46(3): 670-678
ence of atmospheric drag. Journal of Aerospace Engineer-
. 202 Gong S, Baoyin H, Li J. Solar sail formation flying around
ing, 2011, 3(1): 64-91
. displaced solar orbits. Journal of Guidance Control, and
188 Lambert C, Kumar BS, Hamel JF, et al. Implementation
) i o ) Dynamics, 2012, 30(30): 1148-1152
and performance of formation flying using differential drag. ) ) i ) )
Acta Astronautica, 2012, T1: 68-82 203 .Gong S, Li .J, B.aoym H. Fo.rmatlon I.iymg solar-sail grav-

189 Pérez D, Bevilacqua R. Differential drag spacecraft ren- ity tractors in displaced orbit for towing near-Earth aster-

. . oids. Celestial Mechanics and Dynamical Astronomy, 2009,
dezvous using an adaptive Lyapunov control strategy. Acta
Astronautica, 2013, 83: 196-207 105(1-3): 159-177

190 Varma S, Kumar KD. Multiple satellite formation flying 204 Gong SP, Li JF, Baoyin HX. Formation around planetary
using differential aerodynamic drag. Journal of Spacecraft displaced orbit. Applied Mathematics and Mechanics, 2007,
and Rockets, 2015, 49(2): 325-336 28(6): 759-767

191 Horsley M, Nikolaev S, Pertica A. Small satellite rendezvous 205 Gong S, Ge YF, Li J. Solar sail formation flying on an in-
using differential lift and drag. Journal of Guidance Con- clined Earth orbit. Acta Astronautica, 2011, 68(1): 226-239
trol and Dynamics, 2013, 36(2): 445-453 206 Mu J, Gong S, Li J. Coupled control of reflectivity mod-

192 Deng S, Meng T, Jin Z, et al. Nonlinear programming con- ulated solar sail for geosail formation flying. Journal of
trol using differential aerodynamic drag for CubeSat for- Guidance Control and Dynamics, 2014, 38(4): 740-751
mation flying. Front Inform Technol Electron Eng, 2017, 207 Smirnov GV, Ovchinnikov M, Guerman A. Use of solar ra-
18(7): 867-881 diation pressure to maintain a spatial satellite formation.

193 Bae YK. A contamination-free ultrahigh precision forma- Acta Astronautica, 2007, 61(7): 724-728
tion flying method for micro-, nano-, and pico-satellites with 208 HEE, m—t, A FETAT AR AL gR A 7%k, 7
nanometer accuracy. Space Technology and Applications JE Ak R&24R, 2012, 30(1): 44-49
International Forum, 2006 Zeng Zhifeng, Tang Yihua, Chen Shilu, et al. A better for-

194 Tragesser SG. Static formations using momentum exchange mation planning algorithm of solar sail swarm based on be-

between satellites. Journal of Guidance Control, and Dy-
namics, 2009, 32(4): 1277-1286

havior. Journal of Northwestern Polytechnical University,
2012, 30(1): 44-49 (in Chinese)

(Frittsh: 3 %)



	Abstract
	1航天器编队星间相对动力学
	1.1 相对轨道动力学
	1.1.1 笛卡尔坐标状态表示


	1.1.1.1 
	1.1.1.2 
	1.1.2 轨道要素状态表示

	1.1.2.1 
	1.1.2.2 
	1.2 六自由度耦合相对动力学建模
	2航天器编队飞行控制
	2.1 主从方式
	2.2 行为方式
	2.3 虚拟结构方式
	2.4 多输入多输出方式
	2.5 循环方式
	2.6 一致性控制方式
	2.7 参考轨迹规划方式
	2.8 无源分解方式

	3新型无推进航天器编队飞行动力学和控制
	3.1 非接触内力
	3.1.1 库仑力
	3.1.2 磁通钉效应
	3.1.3 EMFF

	3.2 地磁洛伦兹力
	3.3 大气阻力编队飞行
	3.4 动量交换编队飞行
	3.5 太阳帆编队飞行

	4结论和后续发展方向


