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Abstract: This paper considers a tracking control problem for a type of discrete-time nonlinear fully actuated systems
with external disturbances. A fully actuated system (FAS) anti-disturbance predictive control method is proposed to address
this problem. Firstly, a high-order disturbance observer is designed by adopting a difference operator and its high-order form
to accurately estimate the external disturbances under a less conservatism assumption, which provides a better foundation
to construct a disturbance preview. Secondly, an incremental FAS (IFAS) prediction model with the disturbance preview
is established by utilizing a Diophantine Equation. Based on this IFAS prediction model, the multistep ahead predictions
are derived to minimize an objective function for obtaining an optimal anti-disturbance controller, such that the tracking
performance can be maintained. Then, a sufficient condition is presented to analyze the bounded stability and tracking
performance of the closed-loop FASs in the further discussion. Finally, the proposed FAS anti-disturbance predictive
control provides a solution to spacecraft attitude control for the verification of effectiveness.
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A?0(k|k — 1) = Ly(q) A%y (k),
i, RA8)H AW (k, R, ) W #m N

{Avm, N) = Laa@ABK), o
AW (k,Ry) = Lq2(q) A’ Ey (k),
Hor:
By(k) = [eq(k+R = 1) -+ ey (k)]
La2(q) = Blockdiag{Ls(q),--- ,L2(q)}.
F3RQo)RAK(18), 715
Az(k+1) =
(Aci + D Ae(k) + Ac o AW (K, R,) +
AA%0(k|k — 1) + A A%y (k) =
(A1 + DAe(k) + X(en(k)), 1)
L
Y(ew(k)) =A%y (k) + Ac2Lao(q) A*Ey (k) +
ALo(q) A%ey (k).
BREDAARA7)ATE
e(k+1)=
e(k)+ Azx(k+1) =
e(k)+(Aci+1)Ae(k)+X(en(k)) =
W(g " )e(k) + Z(ew(k)), (22)
HAw (g=) X (16).
BRI 93L, 15 L, (q) & Schur 2 T UK B, AR 35 &
P 1 )15 NdliLnoo | ew(k) || = 0, BNy —  oolf,
Aey (k) — 0. A, 4Ny — oo}, X(ey (k) —0, NI
RGQB Ne(k+1) = U(gV)e(k). LH K
AW, = 0, IW, = 0, Iy > 0, 158 (¢~ 1) [FIFENSch-
urZ W RE, W24k — oo, e(k) — 0.
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sNEESETES ERGQOT, f*()=C1f (). g u(k) = C u(k),
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Fig. 1 Spacecraft attitude control and its coordinate systems

FIFH A2
~z((k+ )T — 22(kTy) + 2((k — 1)T3)
= T
b5 = A+ DT —o((k - DT) BEHUL RS (23)

2T,
T BRI R S A AR I A IR R e, B
L (¢p(k+1) —2¢(k) + ¢(k — 1)) =

(I, + I, — Iy)wow(k 1) o) vk 1),

(L = 1) (k) + Tx(k) + wx(k),

Iy ((k+1) =20(k) + 0(k — 1)) =

Ty (k) + wy(k),

L (p(k +1) = 2¢(k) + (k- 1)) =

0y R B D=1

AW I DU 38 T 145 5 56 0E Sk 1k B B
W TV R, MR SR [21,24-25] L FHAHOCHIT AT,
ARG QHPIFRSEIFR2.

%2 RARQHMMALEK
Table 2 The related parameters of system (24)

5 HfH

lhg 3.986 0044 x 10 m3/s?
Ris 7111.8km

Ty 0.01s

Iy 2.139kg - m?

Iy 3.18kg - m?

I, 3.148 kg - m?

Wy 0.004 5 (3 cos(20wpk) +1)N - m

wy 0.0045 (3 cos(15wpk) +1.5sin(25wpk)) N - m
0.0045(9 cos(10wpk) + 6 sin(20wok )+

e 3cos(30wpk)) N - m

W1 CETH) MR T, wk) = 0. T
(2, YRGB

{ u(k) £ g7 (-, M(K)), 25)
M(k) =T (Aoer, x(k)) — f7() + v(k),
Horrny =1, Ay = diag{—0.1,-0.2,-0.3}, 4; =

diag{0.1,0.2,0.3}. T %A T, BB R (11)H
AFINFHIIRI, B

#(k + v|k) = Foa(k) + G, A0k + pu— 1|k).  (26)



2446 B owo#H w5 N

SiE e B 2, TE G S Bk BON: R, = 5,8, =
3, W1 = I, W2 = 20], Y= d1ag{2, 2, 2}

&/ 2 (AFI. L) T, +
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T AR

&R 3 (A AN EEET, T+
Pow (k)2 LR AL, FE A0 X (25). Bl %5
JEF T, PR 201 L), S e ot ml
TR 5. BN = 2, F T (), £ R 50(24)
b TP 2 Bt T

W* (k+1]k) =

W (k|k—=1)+Lo(x (k) —X(k[k—1)) +

Aw* (k|k—1)+ Ly (Ax (k) — Ax(k|k—1)) +
A2 (k|k— 1)+ Lo(A?y (k) — A% (k|k— 1)) x

Sk + 1/k) =
() + goulk)) + 1 (k|k — 1) +
La(x(k) = %(klk = 1)). @)

A EM 1, Lo=0.6561, L; =1.6038, L, =2.6001,
Ly = 2.6, KA &S E B IME. FHab T 5
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Fig. 2 The disturbance estimations based on high-order dis-

turbance observer (27)
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Fig. 3 The spacecraft attitude control by using the control
(25) under three cases
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