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Abstract: A robust attitude control methodology is proposed for satellite system with double rotary payloads. The

dynamic model is built by the Newton-Euler method and then the dynamic interconnection between satellite’s main

body and payloads is described precisely. A nonlinear disturbance observer is designed for satellite’s main body to

estimate disturbance torque acted by motion of payloads. Meanwhile, the adaptive fast nonsingular terminal slid-

ing-mode attitude stabilization controller is proposed for satellite’s main body to quicken convergence speed of state

variables. Similarly, the adaptive fast nonsingular terminal sliding-mode attitude maneuver controller is designed

for each payload to weaken the disturbance effect of motion of satellite’s main body. Simulation results verify the

effectiveness of the proposed method.
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0 Introduction

Satellite often carries various of rotary pay-
loads such as antenna or mobile crane to meet the
application demand, and attitude control of this
system has gained extensive interests in recent
years, motivated by benefits in space applica-

[6] " The motions of satellite’s main body and

tion
payloads act as disturbance to each other, thus in-
creasing the difficulty of attitude control for both
satellite’ s main body and payloads. Therefore,
dynamical coupling becomes a major problem of
designing the attitude controller of such a multi-
rigid-body satellite system, which requires a
strong robustness. In Ref.[7], an active disturb-
ance rejection controller (ADRC) is proposed to
compensate the disturbances induced by solar ar-
ray driving. In Ref. [8] the motor driving torque
of antenna was calculated from a dynamical model

and compensated by a satellite attitude controller
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based on the decoupling mechanism. In Ref. [9],
residual disturbing torque of the rotary payload
was calculated from a dynamic balance test. In
Ref. [10] the robust gain-scheduled control was
applied for spacecraft with mobile appendages.,
and the coupling torque was reckoned based on a
dynamic model. However, the coupling torque is
hard to acquire accurately in practice because
some parameters such as motor current is difficult
to measure. Besides, it is also hard to obtain cou-
pling torque precisely based on calculation from
dynamical model because of model uncertainty, or
the state variables, such as attitude angle and an-
gular velocity of payload due to electrical failure.
When double rotary payloads work together, the
coupling torque between satellite’s main body and
payloads should be determined as possible as we
can for high precision attitude control. Based on

the consideration, the nonlinear disturbance ob-
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server is designed for satellite’s main body to esti-
mate disturbance torque exerted by payloads’ mo-
tion in this work.

Sliding-mode control (SMC) has been widely
used in many applications because of its strong
robustness. Robotics, spacecraft control are some
typical applications''"'*, One of SMC is the ter-
minal SMC!M, which can converge the control
system in finite time. However, the singular
problem limits the application in practice. Then,

) is proposed, which

nonsingular terminal SMC-
is able to avoid the singular problem completely.
To achieve fast finite-time convergence, fast non-
singular terminal SMCM ' has been suggested re-
cently. In Ref.[15], an adaptive nonsingular fast
terminal SMC was proposed, containing an adap-
tive control term and a robust control term for e-
lectromechanical actuator. Ref. [16] investigated
a nonsingular fast terminal SMC for a class of
nonlinear dynamical systems. Therefore, we pro-
pose an adaptive fast nonsingular terminal SMC
for satellite with double rotary payloads working

simultaneously in this paper.

1 Dynamic Model of Satellite with
Double Rotary Payloads

Dynamic model of satellite with double rota-
ry payloads (Fig. 1) is established by the Newton-
Euler method in this section. The dynamic inter-

connection between satellite’s main body and the

payloads is described accurately.
Payload 4,

Satellite main bo

b

X

Payload 4,

Fig. 1 Satellite with double rotary payloads

For satellite's main body A, shown in Fig. 1,
the kinematic equation is described in the coordi-

nate O, x,y, 2, as follows

[ cosg¢n /cost —singy /cosf; 0
¢'11: sing, cos¢, Of »
| —cos¢n * tan@;  sing; ¢ tanf; 1
(wi.
w, | =H, * o @D)
LW

where O, x,y,2, is the body-fixed coordinate of
A, whose origin is at the mass center of A, and
axes are paralleled to the principal axes of inertia.
q:— [5{)1 0

o, — [wl.z' w1y

¢1 1" is the Euler attitude angle and
wi- " the angular velocity.
The dynamic equations of A, described in the

coordinate O, x, y, 2, are

mya, =F, (2)

F,=—A.F,—A,F, (3)

Jo +o XJio =T —A,T, —A,T,—
ryALF,—ri A F, 4

where a, is the mass center acceleration of A, , F,
the hinged constrained force applied to A,, and
T, € R**' the control torque. T, and F,(i=2,3)
are the control torque and hinged constrained
force defined in the coordinate O,x;y,z; (i=2,3)
and exerted by the payloads A, and A,. Here,
O.x,y;z; are the body-fixed coordinates of A,,
Ay, whose origins are at hinged points O, and O; ,
respectively and axes are paralleled to the princi-
pal axes of inertia of A, and A;. A,;(i=2, 3) are
transformation matrices from

the coordinate

Ox:yiz; 10 Orxiyiz. Ji=diag(J 1, Jiys Ji2) is

the inertia matrix of A,, r, = 0,Q,,r, = 0,0, ,

r;=0,0;,r,=0,;Q;, Q, and Q; are the mass cen-

ters of A, and A;. ( + )™ is the skew matrix de-

fined as
0 — aj [23)
a“= | a 0 —a
—a, a; 0

For the appendage A,, the kinematic equa-
tions are described in the coordinate O,x;y,2;.

0 =A; * 0 T O (5

0, =A; 0t o, A 0o, (6)

v =Ap » (" o1 X)) Fon X D)
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where 0, =[ws, w2, ws.]" is the angular veloci-

ty of Ay, @:=1[g, 0 0]" the angular velocity
of A, relative to Ay, @:=[qg> 0 0]" the angu-
lar acceleration of A, relative to A, , A, the coor-
dinate transformation matrix from O,x,y, 2z, to
O,x,y,%,, v, the mass center velocity of A, de-
signed in O, x,y,2, » and v, the mass center veloci-
ty of A, designed in O,x;y,2,.

Furthermore, the payload A, just rotates
around the axis O,x,, which is a motion with one
degree of freedom. We can obtain a simpler kine-
matic equation based on Eq. (5).

W =wi, T ('12 (8)

Let v; =A, * (v, + @ Xr,). The dynamic
equations of the payload A, described in the coor-
dinate O, x; v, 2, are

m,a, =F, (€D)]
a,=A, (g, toirntol o rn) o rnt+o o n
10)
Jow: +o, XJr0, Fmyv; X (v @, Xr)=
Jow: T, XJ,0, Fmyvs X (@, Xr)=T, (11
where J, =diag(J,, »J2,+J2.) is the inertia matrix
of A, relative to O,, and T, =[T,, T,, T,.]"
the control torque.

From Egs. (6), (11), we have

J:(As c 0t @ 1TA 0 02) To X0+
myv; X (@, Xr) =T, (12

Likewise, the motion of the payload A, just
has a single degree of freedom. We can thus also
deduce the simpler dynamic equation based on
Eq. (11D).

Joswon twoywoe (Joe— Jo,) Fmyvy X (e, Xr) ], =
T, (13)

where [ m,v; X (@, X r )], is the first line of

myvy X (@, Xr;). From Egs. (6), (13), we ob-

tain

@ =15 T =T wnws. (Joo = To) —Lmyvs X

(@:X1) T Ay * 0 00, o,

For appendage A,, the kinematic equations
are described in the coordinate O;x;y;2; as follow

@; =A;z » 01 + 0 14>
0; =Ay c 0 o A oo (15
vi =A; « (v, +@ Xry) tos Xr, (16)

where @; =[w;. ws, ;] is the angular veloci-

ty of Ayy @1;=[0 0
of A, relative to Ay, @;=[0 0 ¢5]" the angu-

¢s " the angular velocity

lar acceleration of A; relative to A;, A; the coor-
dinate transformation matrix from O,x,y,2, to
O;x5y;25, and v; the mass center velocity of A,
designed in O;x5ys2;.

Furthermore, the payload A; just rotates
around the axis O;z; to perform one degree of
freedom motion. We can obtain the simpler kine-
matic equation based on Eq. (14).

w5 =wi. + ¢ an
=A,; * (v, +t® Xr;). The dynamic
equations of the payload A, described in the coor-

Let v;

dinate O, x; v, 2, are

msa; =F, (18)
a; :Axl(al_._(blxrs _._C()lxwlX rx)+6;);< '”1+CO§< (03< ry
19

Jo; o, XJy0, tm,vi X (o, Xr)=T, (20)
where J; =diag(Js,»Js,,J3.) is the inertia matrix
of A, and T; the control torque.
From Eqgs. (15), (20), we get
Ji (A o T HAL 0 o) Tes XJo+
msvs X (w; Xr,)=T, 2D
Likewise, the payload A, just moves with a
single DOF, so we can also gain the simpler dy-
namic equation based on Eq. (20)
Jswse Twsws, (Js,—J5.) +Lmsvi X (s Xr) ] =
T;. 22)
where [ m;vy X (@; X r,)]. is the third line of
myvy X (@3 Xr,). From Eqgs. (15), (22), we ob-
tain
g =]l Ts. — Jlwsws, (Js, — J5.) — Lmawy X
(@ X 1)+ Ay »0fon]). —o. (23)
Substituting Eqgs. (3), (9), (10>, (18),
(19) into Eq. (2), it yields
nma, = 7A12m2[A21(a1 Jr(inxrz +oioir) +
o' r +oior]—Asm[Ay (@ o+
oo toir +oioir] (24)
Substituting Egs. (6), (15) into Eq. (24),
we get
a, = Gny + my + m) 7 Gmary + mury + myry +
msr )y + A Gmy + ms + my) mart @ +
A Gmy +my +ms) 'my o rf @ + fu (25)
where

Sa=—A, (m +my, +my) "my (A 0] 0 r, —



No. 3 Xu Chen, et al. Dynamic Modeling and Adaptive Fast Nonsingular Terminal--- 313

Ay c ol o: to o' r) —A; (n +m, +
my) 'my e (A @0 @' Fs — 1Ay C 0 @5 T
®; 05 r)
Substituting Egs. (6), (25) into Eq. (10),
we obtain
a,=Ay [ (my+my+my) ' Gnyrl +myrs +
msrs tmyr Do, AL Gny +my Fms) T mar!
0T A Gy tmytms) Py e 1l @t fa—
ro te e ] (A s o Ton A, e
o 0:) T o' (26)
Substituting Egs. (15), (25) into Eq. (19),
one can obtain
a, =A; [ Gny oy +my) 7 Guorl +murs +mars +
mur e + Ay Gmy +ms +my) " g ry 62)12 -+

Ay (my +my +me) P ms o 1 w0 T fa —

rio to'o'rs]—r (A * 0 to;tA; -

o 03) To o ©XP)
Substituting Egs. (26), (27) into Eq. (4),
we get

[+ Cmy +Hmy +my) (e my s my) Gmary +
mors tmary Tmar) —m,rirs —mor; o
r—msriry —myrir Jo, =T, —A, T, —
AT, — o XJiw, —rA,m, « [Ay (fq +
ole'r) —r (o, + A * 0o, +
@ 0 i Ayms ¢ [Ay (futof o rs)—
ri (o +tAy 0 03) to o r]— ' m+
rims) AL Gmy +my+my) Ymar @+
Ay Gy tmy+my) 'ms o 1 @] (28)

Substituting Eqgs. (12), (21) into Eq. (28),
we can obtain

o =f + (T\ = XJio)—f,+ fu 2D
where

fi=Ldh +Jd,+J;+ Gny +my +m) 7 (e m, +

rims) Cmari + myry + myrs + myrf ) —
Mor ry —mary ry —msrs ry —msrsor) ]!

fon=ALLJ,A, * 0 0 T, XJ,0, tm,v, X
(0: Xr) JTALJ:A » 0 0w X
Jsos Fmsvi X (s Xr)]+rAym, fon +

. . .
ry Aym; fwaZ _’_F(ulZwlZ +Fw13(013

Sour = A (fa oo r) —riA ¢ o 0, +
0 ;1

Sz = A (fa Tolo'r) —riA; ¢ o o; +
;0 1,

F,,=r;m,+rim)A, (ny+m, +my) 'myr +

Apd, —myrs Ay,ry
F, .= m,+rimA; (my+m, +my) 'mar +
Ay —msrs Ar]
Define the state variables as follows: x, =v,,
X0 =1 Xs = Q12 Ty = Qs X5 = o0 T = Q50 X7 = 3+
u =T, ,u;,=T,, ,u;=T;.. From Eqgs. (25), (29),
we can obtain
x,=(my +my,+ms) ' Gnyry, Fmyry +mars myr)
[f; * luy —H (H 'x))" JJH 'x; ] — f; *
for)TALGny +my+my) " Pmyr! @+
Ay (mytmyt+my) 'my o v 0t fa

-’.Cs:[Hlel*Hlfj(Hflxs)XJleljx:sTL (30)
Hl(f./ ° ulifj .fDl)

[”12"2x X (@, Xr)+Ay » (lewlzl»

T7:];lu'§7j;lw3zw3x(]?y7]31)7wl~7 (32)
[nlg vi X (@; Xr,) +A31 * (01>< wlojg
All state variables can be solved from

Eqgs. (29)—(32).

X
{la :];luz 7]27.11(102}'&)2:(]2:7]2)!)76;)11 — 3D

2  Controller Design of Satellite with
Double Rotary Payloads

In this section, the nonlinear disturbance ob-
server is designed for satellite’s main body to esti-
mate and compensate disturbance torque acted by
payloads’ motion, and the adaptive fast nonsingu-
lar terminal attitude stabilization SMC is designed
for satellite’s main body. Meanwhile, the adap-
tive fast nonsingular terminal attitude maneuver
SMC is planned for payloads’ attitude maneuver

along the reference trajectory in same way.
2.1 Nonlinear disturbance observer design

The main task in this subsection is to design
disturbance observer for satellite’s main body A,
to estimate the disturbance part —H, f; « fp in
Eq. (30). From Eq. (30), we have

AEdREAR A

where K, = Hlel —H, f; (H 'x;)" J H,' and
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E.=—Hf - fu1 . The observer is given by

e

g1 Lo ol Lk 0
R, -~
{ } ¢ X3 (34)
R.

where x, =X; —x; ., and gain R, €3X3, R, €3X
3. Let E,=E, —E,. from Eqs. (33), (34), we

get
X K +R, I| Tx, 0
.= o | | — . (35)
E, R, 0 E, E,
I4etR1:7K1+N1+N2’R2:7N2N19Q1:
(I O0;N, Il.s=[s,sI]"=Q, « [xI,ET]"

where N, €3X3, N, €3 X3 will be designed lat-
er, then Lemma 1 is obtained.

Lemma 1" Considering || E, || <a, and
a, >0, where a, and a, are given positive scalars.
If there exist matrices P, >0, P,>0, M, , M, and
scalar a; > 0 that the following linear matrix

inequality (LMI) holds

M1+M1T+2a2P1 P, 0
P}- MzTLM;rJFZClsz P, <0
0 P} —asl

(36)

as

2“2/1min(Pl) ’

a _
a; /m Moreover, N1:P11M1,N2:

P,'M,.

Then lim || s, || <a: lim ||'s, | <
i .

2.2 Nonsingular fast terminal attitude stabiliza-

tion SMC design

The main task in this subsection is to design
attitude stabilization controller for satellite’s main
body A,.

The sliding surface is defined by

C, =x, + ¢ xim + ¢ xin2 (37
where x, and x; are the state variables defined in
Eq. (30D, o = diag [Sﬁil ’ 9%1 ’ 95?1 :l’ ¢ = diag
[losgiosgls s ¢, >0G=1,2; j=1,2,3), 1<

My my
= T

my, are the positive odds to be designed.

[16]

2 <2, rp <<y = Here, [ smyrs b

Assumption 1 The disturbance observer er-

ror E, is assumed to be bounded and satisfies the

following condition

IE, | </
where f) is the unknown upper bound of disturb-
ance observer error,

For the system described by Eq. (30), the

controller u, is designed as follows

U, =uy +u, (38)
u, = — (H, f;) "' [(¢ r1z) o (I + ¢ ru
diag (xJ1 ")) « x) 2 4 E, + diag (sgn(C)k, +
K x,]
u, =
(r, Clyy diag (X727
| 7. CT ¢y, diag (x;”fl) I
0 if x;,=0

7(H1f,’)71 ]2‘1 lf x2¢0

and the adaptation update law is
fl = 0o [ rlZC’lI‘(plZdiag (x;wil) [

where f1 is used to estimate upper bound of f,
and p, >0, ki = [k ks sk " and k>0, I is
the identity matrix. Then Theme 1 is obtained.
Theme 1 For satellite’s main body system
Eq. (30), if the sliding surface is designed as Eq.
(37) and the controller is defined as Eq. (38),
then system Eq. (30) is in asymptotic stability.
Proof
1
2

time derivative of V, is

Considering the Lyapunov function

V,==CIC,+ p&l}% where 1= f,— 1. then the

V1:C1T(‘jl*(0071]71]:{1: Cllx; Jr7’114’11 *
diag (X ") xy +rp, @i, diag (X2 D xy ] —
[0(71_7] j] - C;r [x;g +71] ¢1] dlag (x;“il )x;g +
r]2¢]2diag (x21271> * (K1 X3 +H] fju1 +E1 )]_
PJ].?LIAZI =Cl{ x; +ry ¢ diag (x;Hi] ) xy
rlqu]zdiag(x;'fl) . [_(r12¢12)71(1+
¢ diag(x)' )« x2 12 —E, — diag (sgn
(C, )k1+H1fju12]} o l}‘1];‘.1 :C’JI-[712¢12 °
diag (x7* ') (—E, —diag (sgn(C)k, +

H, fiu )]7(00 1}‘1_/}1<C’f‘[r12¢12 diag (xglfl)

(—E, —diag (sgn(C)H k)] — | r, Cl¢y,
diag (x;‘27]> H f1 - po7171 f] < Cf Lry, (3P
diag (xglfl)(*diag (sgn(CH k)] — || 7w

Cl¢.diag (x)2 ) | (—fi+ 7+ F)<0
(39)
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When V1<O, it is easy to obtain that x, and

x; approach zero ultimately. When V, =0 we get
x; = 0 from Eq. (39), and we obtain x; =
—diag (sgn(C,))k, —E from Egs. (30), (38)
when x; =0. It is obviously that x; =0 cannot be

hold on in practice and x; =0 cannot also be hold

on. So Vl will be less than zero at last and x,, x;
go to zero finally, and system Eq. (30) is asymp-
totic stability from reduction above. The proof is
complete.

To avoid chattering problem, u;, can be

changed into the following form

U, =
o Clauding (Xt
—(H, f,) '— IT‘l’u a8 o :
| ruClgrdiag (xj* 1) |
lf H 712C1T¢1zdiag(x;12’l) H >;{
( ‘7CT o di (xiAlZil))T A
—(H, f) ! ri2Ci e ig 3 7,
lf H 7’12C}‘¢12d1ag (x;u*l) H <A

where A is the small positive real number and A<C
1.

2.3 Nonsingular fast terminal attitude maneuver
SMC design

In this subsection we will design adaptive
nonsingular fast terminal attitude maneuver SMC
for payloads disturbed by motion of satellite’ s
main body.

The sliding surface is defined by™*

C, =€ + poett + pore)? (40)
where e, =¢, —q», and e, = e 5 ¢, is the refer-

ence trajectory. ¢u >0 and g >0, 1<y =

mysy Ny .
L2y 1o <lvy = s Loy s myy 5 Ly s myy are posi-

122 121
tive odds to be designed.

Assumption 2 The disturbance E, is as-
sumed to be bounded and satisfy the following
condition
EZ < fZ

where E; = —J2." * wo,woe (Joe —J2y,) —ra» fo 18
unknown upper bound of disturbance.

In same way, the controller for A, is de-
signed by

uzzsz‘z[(gﬁzzrzz)ﬂ * (1+95217’21e;21171) * ei;”zz +

Sgn(CZ)k2+fz_Izrj (41)

and the adaptation update law is

jz =pi1722Co gz
Then Theme 2 is given.
Theme 2 For system Eq. (31), if the sliding
surface is designed as Eq. (40) and the controller
is defined as Eq. (41), then e;; =0 and e;; —>0

when t—>co,

Proof Considering the Lyapunov function
V, :%Cgcz —|—pf1}'§ where f,=f,— f., then the

time derivative of V, is
. > A ro, —1
Vz:CzTCQ*(Ol lfzfz:Cg(ezz+721¢21€221] ezz+

e o~ 2

a3 Pas erz“f_f @22)*(01 lfzfzzcg [622+721 o2
" S _ .

el e +”22¢22‘~);22 s Jtuy, HE, —x,,) ] —

21
p;lfzf‘gzcg{egg + 791 P e;ﬁlflen*rﬂ(pzz .
e [ Pur) e (Lt uraey ) e
ei;r” +sgn(C) k,+ f,—E. ]} _‘017]]?2.7‘}2 =
Ci [ —ry o egéfl (sgn(C)ky,+ fo —E,)]—
‘0171}‘2‘;‘2<C;‘[77’22¢22€;?71(Sgl’l(CQ)kz_'_
Fomf) I fornCogue ' =—Cl(rdos »
e sgn(C k)<<

22
When Vz <0, it's easy to obtain that e, and
e, go to zero ultimately. The proof is complete.
The procedure to design attitude maneuver
controller of payload A, is similar to A,, and we

do not repeat it here for lack of space.

3 Simulations and Results

To illustrate the effectiveness of the pro-
posed method, we conduct simulations for satel-
lite system with double rotary appendages in Mat-
lab/Simulink environment. The main parameters
are listed as follows. The inertia matrices of A,
A, and A, are J, =diag[97,83,76 ] kg e m*,J,=
diag[19,15,8] kg * m ? and J, =diag[ 16,18,9]
kg * m ?. The mass of A;, A, and A, are m, =
95 kg, m,=9 kg.m;=11 kg, r=[0,0,0.2] m,
r,=[0,0,0.6] m, r,=[0.6,0,0] m, r,=[0.15,
0,0] m. For A,, the initial value of attitude angle
is ¢, =[0,0,0]" rad. The parameters of disturb-
ance observer are N, = diag [ — 8. 669 9,
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—8.669 9,—8.669 9], N, =diag[ —35. 234 1,
—35.234 1,—35.234 1], and of controller (38)
are ¢, =diag[2,2,2], b1 =diag[0.1,0.1,0.1],
ri=5/3y re="7/5, ki =1.2X[1,1,1]", 0, =
0.01.

Considering the actual situation, saturation
function sat ( * ) is used instead of sign( « ) to
avoid the chattering problem in the controller
Eq. (38).
2,3,4.

Simulation results are shown in Figs.

Attitude angle

Attitude angle ¢,
Attitude angle g,
Attitude angley,

3 40

Angular velocity ,,
Angular velocity m,,
Angular velocity m,,

35 40

Fig. 3 Angular velocities of satellite’s main body A,

In Figs. 2, 3, the Euler attitude angle and
angular velocity of satellite’s main body A, are il-
lustrated. From Fig. 1, the control precision of
attitude angle is about 2X10*. Control accuracy
of attitude angle will be improved when k, in
Eqg. (38) is enlarged, however, control torque
will be also enlarged. The control torque is given
in Fig. 4. The observer error of disturbance

torque acted on A, is shown in Fig. 5, and we

Control torque / (N * m)

Observer error o
Observer error o
Observer error of z

Observer error / N

Fig.5 Disturbance observer error E,

conclude that the disturbance observer designed in
this paper is effective.

For the payloads Aj;and A,, the inertia ma-
trices are J, = diag[ 19,15,8] kg * m® and J =
diag[16,18,9] kg * m*. The initial value of atti-
tude angles are q; =q; =0 rad. The target attitude
angles are ¢,,==/5 * sin(0. 3z) and g3, = =/6 *
sin(0. 3¢). The control parameters are ry, =ry; =
5/3s 1 =1y =T/5+¢n = =24 ¢ = $s» =3 and
ky=k; =2, p=p:=0.003,

In Figs. 6,7, the Euler attitude angles of
payloads A, and A, are shown. We can obtain
that the payloads A, and,; track target attitude
angles accurately even when A, introduces a dis-
turbance.

It is worth mentioning that the observer er-
ror of observer Eq. (34) is relative to || E; || and
the robustness of controllers Eqs. (38) and (41)

are relative to k; and k,. So when more than two
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Fig. 6 Attitude angles of payload A,
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Fig. 7 Attitude angles of payload A,

rotary payloads working together, the control re-
sults are mainly effected by the variation rate of
coupling torque and amplitude of control actua-

tor.

4 Conclusions

The attitude control of satellite system with
double rotary payloads is proposed in this paper.
Firstly, system dynamic model is established by
the Newton-Euler method so that the system dy-
namic interconnection is described accurately.
Secondly, nonlinear disturbance observer is de-
signed for satellite’ s main body A, to estimate
disturbance torque exerted by A, and A; and then
compensated by the controller of A;. Meanwhile,
the adaptive fast nonsingular terminal attitude
stabilization SMC is proposed for A;, and the at-
titude of A, thus has a fast convergence speed. In

same way, the adaptive fast nonsingular terminal

attitude maneuver SMC controller is designed for
each payload of A, and A,. Finally, simulation
results prove the effectiveness of the proposed
control strategy, thereby providing reference val-

ues in practice.
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