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Robust adaptive attitude tracking control of spacecraft with constrained
inputs

SUN Liang", MA Jia-peng

(1. School of Automation and Electrical Engineering, University of Science and Technology Beijing, Beijing 100083,
China; 2. Institute of Artificial Intelligence, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The attitude tracking control problem is investigated for a rigid spacecraft with constrained inputs and model
uncertainties. A bounded robust adaptive state feedback control law is developed based on a kind of bounded nonlinear
continuous function and the bounded property of the modified Rodrigues parameters. The proposed control designing
method gives the quantitative relationship between the constraint value, the bound of the desired trajectory, the bound
of the model uncertainties, and the tunable controller gains. It is proved via the Lyapunov’s stability theory that angular
velocity errors tend to zero asymptotically and attitude errors converge to the small neighborhoods of zero by setting
suitable controller parameters. The simulation results demonstrate that the proposed approach can achieve the design
objective and deal with the model uncertainties under the constrained control inputs.
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KI5 G5 49 A R B 1, B lim (o, 67,)
= (0,0). BHAAREIZH ¥ 6. = Glo.)w, Al
G(ae)ﬂkﬁﬁ'ﬁﬂiug&(ae,we) = (0,0). 4k, H

0’6 d'e
#.(19)- (20). H\/m’ V3. Hm
1 L
SVBUIPTT < 5 SIS V(62 + po) FIELE FIE
R A (0] < 0,0 BIEH

<

k‘lo'e kQP_Td'e

<| +
| Vi+ole. /1+6lo.

|

+SéH <

V3k; + \/ZkQ + V30 (P + p2) < . (23)
W AR P B2 BREESR || < g, = 1,2,3. 0
E2 I NE B2 R AR A = R ] )
2 BRI AE AR A A 5 00 T B s il 38, iR 2% =
A S SZ R AL Bty = (U1, Uma, Ums] ™
I, AT R TE AR B 1R 2 CAORATE ;| < wos,
= 1,2, 3. 45 WOV 3 B O W A8 08 A B2, Ty
ek R P 25 AT F T BE R N RS R ERAE. I
A1, 2y I BT A2 e v SR FH A5 B 0T 3 B0 4 )
FHIRIL G, 30 H 7E S Fr B H X TE 1) b 2 4 v A
S R BB 175 BR B BLTE P HR P
3 BEMTEFEG
CUAAL R 38 56 S R BB T AR FRAE Jo SANH &
Y Ja N Jy = diag(40,25,60) (kgm?), Jo = [A]
(kgm?), H[An| < 3,[A| < 2,453 < 3,]4;] <3
(i # 4, i,j = 1,2,3). FRIHEKENL, =
[1,1,1]7 x 10~2(N-m), H.d,, = 3 x 1072
17 F H 2 B UK 23 AHTLEIRES 0. (0) = [0.8,
0.9, —0.8]T\ w.(0) = P(6.(0))F.(0). 7.(0) = [0.02,
—0.01,0.02) T & HI EIHAERES 000 = [0,0,0] T weq =
[0,0,0]T(rad/s)~ wq(t) = sin(0.017t)[1,2, —2]T x
103(rad/s).
A4 LA 30 S A AR B kA AT
Ja=1[3,3,33,2,3;3,3,3],
6, = [40,0,0,25,0,60]",
6, =13,3,3,2,3,3]",
Wa(t) = cos(mtt)[m, 2t, =21 x 1075 (rad/s?).

HZHpy = 0.003, p; = 0.000 1, %5 B4 R 545
FHTNAZ BRI N uy, = 3(N-m), HE SRS IR LR 2

Wi fE |0 (00)] < 0.001(i = 1,2,3), NI =X (8) K AT
1S E WA H N SZ BRAE T Re S I @ 22 1 %0t
4 il 2 5 pdz i H b B 3K (17) AT 8) mT s TR
MBS IRER RGNS H I N 32 PR ) 2% 2 5050 )
H,, = 0.05,€ = 0.2,k; = 0.25, ks = 2.45,0,(0) =
[0,0,0,0,0,0]T.
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P d 5y AN
42 25 —15

25 26 —2

-15 -2 58

J = (kg - m®),

2+ 3sin(0.2¢) + sin(0.02¢)
3 4 2sin(0.2t) 4 cos(0.02¢)
|2+ 2cos(0.2t) + cos(0.02¢)
B (D) E XM R = [Ry)(i =5 = 1,2,
3) AT RIS RZEXS BT ERRL A e = [er, Ve, Yes) T
(deg) N
Yer = 1%?&’5&11(312/311),

x 107*(N - m).

Yea = —gnoasin(ng), Pez = ?atan(Rgg/R{gg).
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T2 v, 2] ) FE 4R 2 AE TS 25 78 1 R Y [ P, B =
R L s (t) < u, = 3(N-m)(i = 1,2,3),
S 2 ) M A 2 T8 38 L 52 RAA, TR I o, 1
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i, WU R 42 i A R AT RO AR B AN 5 1 0 56 B
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KR E MUY B A RS . T 2 R, 1O N AT AR
WEAHE S THE I & At 320, NIRRT i
HH L A LR 1, SR FH S T U AR 2% 1 & B
Bl 42 28 N
ug = —kioe — ko P~ 6, + ksC+
S0y + 0,4) — dsgn(Pe.) —dy,  (24)
é’:—k4C+uA, UA = U — U, (25)

61 1 EE RN (10), Hof ky = 3.5, ko = 12, k3 =
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