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Abstract: A distributed cooperative super-twisting sliding mode controller based on disturbance observer is designed
for multi-spacecraft attitude cooperative control problem affected by external disturbances and actuator faults. Firstly, the
external disturbances and actuator faults of each spacecraft are regarded as a lumped disturbance, and adaptive sliding
mode disturbance observer is designed to estimate the disturbance. A distributed cooperative controller based on attitude
consensus error of multi-spacecraft is designed by combining super-twisting algorithm with integral sliding mode surface.
It is proved by Lyapunov stability theory that the designed attitude of multi-spacecraft can converge to the neighborhood
near the equilibrium point in finite time. Finally, simulation and comparison results show that the designed controller can
accelerate the convergence speed of the system and improve the control accuracy of the system.
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i 2
fai = [fail fai2 fai3]Tu
fair = 0.05 x [0.9 + 0.1sin(#/10) + 0.01w] N - m,
faiz = 0.05 x [0.9 + 0.1 cos(¢/10) + 0.015z] N - m,
fais = 0.05 x [0.9 + 0.1sin(#/10) + 0.02z] N - m,
Hhow € [—1, 18— MBERLEL

H 3 ST 88 2 Bk B, = 0.05, 4, =
0.5, n;, = 01, 51‘71 =0.2.

P R ZH0 A
3
(51‘,1 - 2, (5@72 - 01, 52'71 — ?,
3
Bi2 = 5 cii1=¢ci2=1, g1 = p; 2 = 0.01.
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Fig. 1 Communication topology of multi spacecraft



930 Bow w5 N H 38 %
0.10 , , 0.2 . :
- q()l
kS - qll
005 ol G, |
"{/f 4,
M i il.‘; Ta
- V4
< 0.00}] § < 00 ." =
q(ll U
; ——-q,
-0.05F . ___ 4 -0.1F R
q]l
44
- 1 1 - 1 1
010, 10 20 30 02, 10 20 30
t/s t/s
0.15 . . 0.2 . :
0.10 ]
a 0.1} g
0.05 »L’ 8
i : 0.0 7 S
0.00 ——= MW
o 14 ) L
< % RN 1’ jf_‘
0051 - ] %
0.05 G0 -0.11% — 4y
-0.10 F 4 —— e
_____ q,, —oak I q'zz B
_015 - q]Z - q}Z
q4z q4z
_ . . -0.3 ’ '
020, 10 20 30 10 20 30
t/s t/s
(c) qioMREFMZE (d) GioBRERIIZL
0.06 , , , , , 0.10 . :
0.04 i' a
H 0.05 | g
0.02 A
¢ A
] . J
0.00 H—fr 0.00 ——
o i - [
S L > ] ‘\l_
-0.02 b i
qO} -0.05 ’{j‘ — q.o3 )
v
-0.04 Zn ] £ .
_____ N .
_____ q23
o q. | -0.10 Rl
0.06 q33 Gy
43 7
_0.08 1 1 1 1 1 O 1 L L q43
0 5 10 15 20 25 30 155 0 20 30

t/s
(e) qi3iREEMhZL

t/s

B 2 ASCElas T B HUREGLEE AL SRR ER h 2%

Fig. 2 Multi spacecraft attitude and its derivative tracking curve under this paper
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