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Abstract: According to the consensus theory, the coupled-cooperative control for relative orbits and attitudes of a multi-
spacecraft system is investigated under a directed communication topology. Considering the nonlinear equations for the
relative orbits of near-earth spacecraft and the attitude motion equations in terms of the modified Rodriguez parameters
(MRP), we build six-degrees-of-freedom (6DOF) motion equations with coupled control input and unknown nonlinearities
and external disturbance. When the reference state (label of the leader spacecraft) is available only to a partial number of
the follower spacecrafts, we develop an adaptive gain control algorithm based on Chebyshev neural networks, which can
let a fleet of followers rendezvous at a point with the same attitude. The proposed distributed algorithm for each following
spacecraft is only dependent on the information of itself and its neighboring spacecraft. Because the relative velocities and
relative angular velocities among the follower spacecrafts are difficult to be measured, we propose a distributed-coupled-
adaptive-control algorithm without using neighboring velocities and angular velocities, so that all follower spacecrafts
maintain a desired formation and relative attitudes. Simulation results of the formation-flight of six spacecrafts are carried
out to study the effectiveness of the proposed control scheme.
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Fig. 4 Communication topology among spacecraft
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Table 1 Simulation parameters

SR,

o

Ji=[1010.1;0.1 04 0.1; 0.1 0.1 0.9], J, =[0.8 0.2 0.2; 0.2 1 0.5; 0.2 0.5 1.3],

240 (kg - m?)

Js =1[1.1 0.3 0.1; 0.3 0.5 0.1; 0.1 0.1 0.8], J4 =[0.9 0.1 0.3; 0.1 1.2 0.4; 0.3 0.4 1.2],

Js =[1.2 0.2 0.4; 0.2 0.8 0.1; 0.4 0.1 1], Js =[1.5 0.4 0.3; 0.4 0.9 0.1; 0.3 0.1 2]

= 3.98645 x 10'4, ac = 4.224 x 107m, ec = 0.1, 6 = 20°

K| = diag{14, 14, 14,8,8,8}, Ko = diag{10, 10, 10,8, 8,8}, K3 = diag{16,16, 16,8, 8,8}

Ky = diag{24,24,24,8,8,8}, K5 = diag{12,12,12,8,8,8}, K¢ = diag{20, 20, 20,8, 8,8}

o = diag{8,8,8,0.2,0.2,0.2}, ¢ = 0.01, n =100, v = 0.5, K =4, ¢ = 0.04

Tai = [0.02sin(nct) 0.01cos(2nct) — 0.04sin(nct)] " N-m
Fy; = [0.02sin(net) 0.01cos(2net) — 0.04sin(net)]TN, i =

1,2---,6

SHEPIESHL

WA S E oq=10010 —017T, pg=[100 —50 25|" m
WSHESMMEE G wq = 03x1rad/s, vg = 031 m/s

BEHIZ S

DIERZmAME  n=3

ACEHFERME W(0) = O2sx6

IS N

ANif 5 T AJ = 0.01sin(nct) kg - m?, Am = 0.1sin(nct) kg

B 5% I 45 BR B TR A8 IO AT 2 T — s (B
T RERTR), FE6 A 34 B BE AR 35 A7 B 2% 2 B N TR 1)
AR, BT A, S ERBETR ZELVLHAR
b 2 P 220 ) 467 B K 20900 s Ja WS R B EE 5 7
NHED 2= AL HOHE AR Ak i 2. B8 — 10435k %R
BT B8 A« SAS SATHRE R4l R B I T (1
Ak IR, HH TR A 1R A AR AR R 1D R ) s )
BipIA], DRI B LA T R 10 s B k. i Pl ]
S0, R B TR AR IR A SR W, RS
FIE Bk %

115 CNNGE UT 1 22 [P AR AR Ab it 2k, 1 it 2k
AJAIL 7E0.8 sZ HI, CNNGE 3T 1 72 th 26 A7 R H
PR, 3X 28 B 45 LA 4f, CNN FRIE 1T 15 22 K T 308 I
WL frr, DRIIE S M2 R B FICNIN [ 38 S 35 7% 2 ]
BEAT VI, 7E0.8 s 2 J5, CNNIEUT 15 2 |y, || 15 W #4

T FIFEX ST 20 s 107 B k.
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Fig. 5 Three-dimensional trajectories of in position

of each spacecraft
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Fig. 6 Changes in position of each spacecraft

in LVLH coordinate frame
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Fig. 7 Changes in control force of each spacecraft
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Fig. 8 Changes in attitude of each spacecraft

BRI LA AESE / (rad-s™")

t/s
— WIRARL e WIRAE2  --- fiRSE3
- R4 —— WIREES —— WIRER6

K9 SMURAS LS AR L 2

Fig. 9 Changes in attitude angular velocity of each spacecraft
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Table 2 Simulation parameters

A

A L

SR Hife

o4, = [0.01 0.03 —0.02]"
Odse = [—0.03 0.03 0.01]"
o4, = [0.02 0.03 0.03]T,
Pday = [200 0 O]Tm
Pdss = [100v/3 0 0]Tm,
Pdys = [100v/3 0 0]Tm

AT LSS AT

WA A S
p1a = [100 0 0]"m,
p2d = [300 0 0]Tm

p3a = [0 —100v/3 0]Tm,

wq = 03x1rad/s, vq = 03x1M/s

LA
WREE paq = [400 —100v/3 0]Tm
psa = [100 —200v/3 0]Tm,
Pea = [300 —200v/3 0]Tm
P a = diag{3,3,3,0.1,0.1,0.1}
S ER IR
P 12 R 13 IR g8 — 47 2 DL AE
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Fig. 12 Three-dimensional trajectories of in position
of each spacecraft
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Fig. 13 Desired position projections in z-y plane of
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