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Abstract: To overcome external environmental disturbances, inertial parameter uncertainties and vibration of flexible
modes in the process of attitude tracking, a comprehensively effective predefined-time guaranteed performance
controller based on multi-observers for flexible spacecraft is proposed. First, to prevent unwinding phenomenon in
attitude description, the rotation matrix is used to represent the spacecraft’ s attitude. Second, the flexible modes
observer which can guarantee predefined-time convergence is designed, for the case where flexible vibrations are
unmeasurable in practice. What’ s more, the disturbance observer is applied to estimate and compensate the lumped
disturbances to improve the robustness of attitude control. A predefined-time controller is proposed to satisfy the
prescribed performance and stabilize the attitude tracking system via barrier Lyapunov function. Finally, through
comparative numerical simulations, the proposed controller can achieve high-precision convergence compared with the

existing finite-time attitude tracking controller. This paper provides certain references for the high-precision predefined-
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time prescribed performance attitude tracking of flexible spacecraft with multi-disturbance.
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0 Introduction

Spacecraft attitude control is of great signifi-
cance to the success of space missions, which
should possess high accuracy, stability, and robust-
ness to meet the challenges of space environments
and diverse mission requirements. In spacecraft’s at-
titude tracking control systems, actuators’ outputs
are adjusted by the control algorithms to minimize
the attitude errors relative to the desired attitude.
However, influenced by multiple factors including
unknown inertial parameters, complex environmen-
tal disturbances, and the elastic and rigid coupling
effects, the actual attitude kinematics and dynamics
of spacecraft are complex, leading to frequent chal-

lenges in attitude tracking process. Thus, a compre-
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hensively effective controller for spacecraft attitude
tracking control is essential. Recently, many meth-
ods have been proposed to handle these challenges,
including robust control, adaptive disturbance rejec-
tion control, and disturbance observer-based control.

To improve the system’s anti-disturbance capa-
bilities, the adaptive control approaches that inte-
grate sliding mode control and backstepping method
are used for spacecraft’ s attitude control system,
which is considered to have extensive conservation
for the assumption that disturbances meet specific in-

[1-3]

equality constraints™'*. What’s more, since the neu-

ral network has the ability of online learning, which
can update and adjust parameters to compensate for
the lumped disturbances with estimation, thus it can

[4-5]

avoid making priori assumptions*”. However, the
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disturbance suppression methods based on neural
network involve a complex parameter tuning pro-
cess, which may increase the computational burden
and the time consumption of the control system. In
this case, the disturbance observer-based control only
requires selecting a few appropriate observer’s gains
to estimate the lumped disturbances in the system.

It can be seen that although these controllers
have satisfactory robustness to the uncertainty of ex-
ternal disturbances and inherent moments of inertia,
in the design of many of them, full state feedback is
used. However, in practical applications, it is im-
possible to measure certain states of the system.
The practical spacecraft attitude model is usually af-
fected by flexible structures, such as solar cells and
antennas, leading to a typical rigid-flexible coupling
characteristic. This coupling effect will increase the
difficulty of maintaining attitude control accuracy.
What’ s more, modal variables are usually unmea-
surable in flexible spacecraft. In recent years, using
some special materials, such as piezoelectric materi-
als, has been investigated by researchers as active
vibration control strategies'®’. However, piezoelec-
tric sensors and actuators change the structure and
properties of the flexible appendage due to mechani-
cal interference, which is not permitted by most
flexible constructions. Therefore, using piezoelec-
tric sensors to measure modal variables of flexible
spacecraft is not recommended for practical cases.

79 are modeled based on

In addition, studies
quaternions in describing a specific attitude, which
may lead to an unwinding phenomenon, meaning
the spacecraft may ignore one of the two equilibrium
points of quaternions during the attitude maneuver,
then it needs to rotate an angle more than 180° to
reach the steady states, thus increasing unnecessary
fuel consumption. It is shown by Ref.[ 10] which in-
troduces a novel attitude error function based on the
rotation matrix and then proposes a controller to re-
alize attitude tracking of rigid spacecraft, thus it can
essentially avoid the phenomenon of unwinding.

On another aspect, most space missions (such
as docking and rendezvous of satellites) require to
stabilize quickly. Although the finite-time theo-

ry'""*# can overcome the infinite convergence prob-

lem, the convergence time varies with different ini-
tial conditions, which cannot be determined in prac-
tice since the initial states are not exactly known.
Fixed-time control, as special finite-time control,
further guarantees that the upper bound of conver-
gence time is independent of the initial conditions
and related to the designed parameters'™. In this
case, the predefined time control (PTC) theory is
developed, the notable benefit of which is that the
system’ s maximum convergence time can be explic-
itly represented by control parameters to make it a
hotspot in the past few years''"). The predefined-
time controller proposed in Ref.[14] proposes a
novel adaptive nonsingular predefined-time control-
ler with backstepping recursive design method, and
a quadratic function is designed to avoid singulari-
ties. Moreover, the authors in Ref.[17] propose
two predefined-time sliding-mode observers to esti-
mate the desired attitude and angular velocity in the
case of only a set of spacecraft has access to them,
and the proposed controller can achieve predefined-
time attitude tracking of a multi-spacecraft system.

The above studies share a common characteris-
tic that focuses only on the steady-state behavior
and do not consider the transient responses. In prac-
tice, ensuring ideal transient performance of attitude
and angular velocity in the tracking process can be
challenging. The well-known prescribed perfor-
mance control (PPC) method has the capability to
guarantee the system’s transient performance (con-
vergence speeds and overshoots) and steady-state
performance (steady-state errors) , which can meet
the control requirements of practical tasks “**"'. The
upper and lower bounds of the system states are re-
ferred as the prescribed performance functions,
which introduce additional nonlinear constraints to
the system, therefore increasing the complexity of
controller design. It is necessary to map the system
states into an unconstrained space using the transfor-
mation function, which leads to a complex structure
of the system. What’s more, the tracking errors can
only be driven to a specified residual set as time ap-
proaches infinity with traditional performance func-
tions.

Inspired by the mentioned studies, this paper
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designs an attitude tracking controller based on the
PPC method and PTC theory for flexible spacecraft
under environmental disturbances, considering the
inertial parameter uncertainties. The principal contri-
butions of this study are concisely outlined as fol-
lows:

(1) The advantages of the proposed observers
are: The convergence time of the estimation errors
can be explicitly represented in the observers; the
disturbance observer does not require any priori in-
formation.

(2) The upper bound of the convergence time
of the system states can be arbitrarily predefined by
setting the control parameters, which is indepen-
dent from the system initial conditions.

(3) The combination of finite-time prescribed
performance functions and barrier Lyapunov func-
tions (BLF) avoids introducing transformation func-
tions to simplify controller design, which makes it
more valuable in practical applications.

The rest of the paper is organized as follows:
Flexible spacecraft attitude tracking error model
based on the rotation matrix description is devel-
oped and the related lemmas are introduced in Sec-
tion 1. The flexible mode observer and disturbance
observer are designed in Section 2, followed by the
controller design and stability proofs in Section 3.
The numerical simulations are provided in Section
4, which can validate the effectiveness of the pro-
posed algorithm. The conclusion is given in Sec-

tion 5.

1 Spacecraft Modeling and Prob-

lem Formulation

1.1 Model of flexible spacecraft

To avoid unwinding phenomena during the atti-
tude description, the attitude equation of the space-
craft based on the rotation matrix is defined as fol-
lows

R=Rw" (1)
where RER*? is the rotation matrix that trans-
forms the spacecraft from the body-fixed frame to

the mertial frame.

In Figs.1,2, O.x,y.z, Oyx,3,2,, O.2,).2,
and O,x,y.z. represent the inertial frame, the
body-fixed frame, the appendage frame, and the ref-
erence frame, respectively. Considering facts such
as external environmental disturbances, inertial ma-
trix uncertainties, actuator failures, and input satu-
ration, the attitude dynamics of the flexible space-
craft based on the hybrid coordinate method can be
derived using Lagrange’s equations as follows

Jo+o'pg=—w (Jo+0d'p)tutd

7+ Cp+Kyp=—0dw
where J=J,+ AJER**? is the actual inertia ma-
trix of the spacecraft, containing J,€R**? as the
nominal component and AJER**? as the uncertain
part; 0 € R"*’ represents the coupling matrix be-
tween rigid body and flexible structures of the space-
craft;, C=diag {[ 2&,1,, 28,0y, +++, 2£,0, 1 }ER""; K=
diag { [/{, 17, -+, 1;] }ER""" denotes the damping

Fig.1 Spacecraft structure with a central rigid body and a

flexible attachment

Ya

Fig.2 Spacecraft coordinate systems
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matrix and the stiffness matrix, where &, /,(i=
1,2, +-+,n) are damping ratios and natural frequen-
cies, respectively; ypE€R""' denotes the flexible
modes and 7 is the modal order; d€peE R """
represents the environmental disturbance torque;
w=|w, w,, w; |"€R*"" is the angular velocity of
spacecraft in the body-fixed frame, and w” is given
by

O w3 -
(I)X: w3 O — W, (3)
—w, w, O

The attitude errors and angular velocity errors

of the spacecraft are defined, respectively, as shown
R=R|R (4)

@=w— R w, (5)

where R;€ER**? and w,€R**! denote the desired
rotation matrix and the desired angular velocity, re-
spectively. The challenge in designing the attitude
controller using the above model comes mainly from
the complexity of the rotation matrix, which makes
it more difficult to derive the controller directly.
Therefore, an equivalent error model based on rota-

tion matrix is introduced referring to Ref.[ 10].

G(R)=2— 1+ tu(R) (6)
(om e (R—RY ()
2J1+tr(R)

where ¢(R) is the attitude error function and
e, R’ the transformed error vector. “V” denotes

”

the inverse operation of “ X7, which can convert
the skew-symmetric matrix into a three-dimensional
vector: SO(3)—> R’ Based on Egs.(1, 2) and
Egs.(6,7), the attitude tracking error dynamics of
the spacecraft is derived as
é;—Fa 8)
Jo=F+G+u

9
i+ Ci+Kyp=—0da )

E:% (tr(R)I— R" + 2ezel)  (10)
21+ tw(R)
F=—(&o+Rw,)J(&@+ R w,)—JR &, +
Jo R w, (11)
G=a 0" —(R'@,) 0" g—0"gp+d (12)

1.2 Preliminary

Lemma 17 For the system &=f(x),

x(0)=0; forxr €R"and f/: R"—R", if a continuous
positive-definite Lyapunov function V (x) satisfies

the following inequality

Viz)<— [/11\/1 g(z)ﬂzv“ﬁu)}ﬂ)

bis
pTW AL,
(13)
where A,, A,, T.>0, 0<<p<<1, 0<Tp<Tco, then
the equilibrium point is practically predefined-time
stable. If there exists 0 <T@ <1, the state of the sys-
tem can converge within the predefined-time T =
iT(., and the residual set of the solution in sys-
Jo
tem is given by

limae{xeR|V(x)<min{D,D,}}
[>T

2 2
ep T, ) o _[erTaas )
’ i N N

where D=
A (1—0) A (1—0)

Lemma 2 For any arbitrary constants z, >
0, i=1,2,++,nand ¢ >0, the following inequali-

ties holds

n n q
212’2(21[) 0<¢g=<1

i=1 i=1

M M q
21?2771”(21,) g>1

Lemmal is the predefined-time stability
theory, which is developed based on the Lyapunov
direct method. Lyapunov functions related to the
system states can be constructed empirically, and
the controller is designed using the backstepping
method to satisfy Eq.(13). In this case, the system
states convergence in predefined time.

Lemma 2 1s typically employed in stability
proofs for the constructed Lyapunov functions to sat-

isfy Eq.(13).

2 Predefined-Time Observer

2.1 Predefined-time flexible mode observer

To cope with problem of the unmeasurable
flexible modes in practical situations, a predefined-
time observer is designed for estimating the modes,
and the convergence time of the estimation errors
can be explicitly represented in the observer.

Denote ¢ =7+ 0w, and ¢ =—(Cy + Ky —

Céw ), the second equation in Eq.(9) can be rewrit-
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ten as
x=Ax+ Bw (14)

where

x—[qﬁ—[ 0 I,,X,}’B_[—aJ
¢ ~K —C Co

The form of the predefined-time observer is

2 1A = s L1 1 A . ~
X:Ax+Bw(M<Siglp'(X)?)+ 3% sigl‘P‘(Xf;E)>+A(X*X)* as1gn(xx)) (15)

AT
where 7=[5 ¢].0<p <1.a>0.,and T,>0

is the upper bound on the convergence time of the
estimation errors, which can be predefined. Denote
the estimation errors as y=y — x, the predefined-
time convergence of the proposed observer (Eq.(16))

T

2pi T,

V'X—;zT(;'cyé)—f(

2—p

T 3 P 2% P 2+p
- AR AR )
ZpITl,z( x x

m=1

2+pm

I T2 I -
( xml) +a >z, =~
1

m=

2—p 2+p

3
where A, =2 2 ,1,=2 2 ,p1:a2|)~(,~|2-
1

m=

Based on the above results, it can be concluded
by Lemma 1 that y converges to y in a predefined

time T',. The proof of this theorem is completed.
2.2 Predefined-time disturbance observer

Consider the uncertainty of inertia moment AJ,
the dynamics of Eq.(9) can be transformed into

J (@R @i— R wy)—(@+ R w,)X

A (@+ R @)+ AJ (@ Ry — R wy)+

AJJ @+ R w,)J(&+ R w,)+

(I—AJJ )G—AJT 'J(@ R wi— R @,)+

u>:F1+G1+Joilu (18)

where

F=l,(—(@+R w)J,(&@+ R w,)+

JO(UN)XRST(!.)(I - R&I‘(Od ))
G,=J, 1(—(@+1§de)XAJ(d)+Iéde H
A (@ R @,— R w, +AJT " (@0+R " w, )~
J(o+R w,)—AJJ 'J(@ R w,— R @, H+
(I=AJT ) (66" §—(R"6,) 8 —d8"5+d))

The term G, can be calculated by estimating

3
+a D gl r<—

m=1 plTlA//llAZ

can be proved by defining the Lyapunov candidate

function as follows
1

V=5 1'% (16)

The derivative of V, can be obtained as follows

(sigl"‘(i)Jr 3/7 Sigl‘p‘(i)) asign(2)>_

2—p

: T 3 2 2
| ~I]l ‘ ) +
=1 2p T, ( 1 *

m=

[ Al
AV, 2LV, 2+ (17)

the modal variables 7 using the proposed observer

(Eq.(16)) , and thus, it can be rewritten as

Go=1(~(o+R'w,) D6+ R w)+
A (@ R @, — R'wy)+ AJJ (@ + R wy)
J(o+ R 'w)—AJJ 'J(@ R w,— R &) +
(I=2J7 ) (@0 ) —(R &) ") —
075+ d))
The system of Eq.(18) is rewritten as
wo=—bo+F,+N+J, u (19)
where N =b,@ + G,,b, > 0.
Eq. (19), the following auxiliary system is defined

For system of

Define the discrepancy between @ and x by
=0 —x (21)

Then, the error dynamics can be expressed as
Inspired by Ref.[23] , the estimation raw of

f=mo—i=—

the lumped disturbance is designed as

G=N-—ba (23)
where N:blé+z', and z represents the estima-
tion of z.

Therefore, the estimated error of the lumped

disturbance 1s
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G~1:G_176£1:N751(137<N751H3):
bi(z—z2) (24)
A nonlinear predefined-time observer is con-

structed as

L - . s % 1t =
z b,b,2 + 2+ 2p2T2<3 sigh " 7(z)+
sig' ’”(f))— csign(z) (25)

where 6,>0,0,>0,0<p,<<1,c>0,2=2— 2,
T,>> 0 is the upper bound on the convergence time
of the error z.

Construct a Lyapunov function as

1
VZZEZTZ (26)

Similarly, we can prove that

P2 22
T _ P2 Pz
- 1+

VZ<_7 ASVZ

Pszx/ A5y

2

where 1, =2

2+,
L2 2

P 3
’/14:2 z 7[02:az‘£m| .

m=1
Based on the above results, it can be concluded
by Lemma 1 that £ converges to z in a predefined

time T,. The proof of this theorem is completed.
Therefore, it is inferred that él is reconstructed by

él after T,.

3 Guaranteed Performance Con-

troller Design

3.1 Controller design

Consider a predefined performance function

o (1) proposed in Ref.[24].
[O(O):Po
"sign(p(1)— o7)

olt)=—plp(t)—py

(28)

where /z:(,o(z‘)*,or)1 /(1 — y)/T., T, is the

convergence time of the system states which can be

predefined, y is a constant and y€(0, 1), o, is the

initial value of the performance function o(z), and
oris the final value of p(7), and it satisfies

In order to stabilize the system (Eq.(18)),an

virtual error angular velocity is designed as

2 nere,
w=E" —ale,é—Zfrl&goltan R?R —
T 207

.
2 Tee.

— |k p‘tan( )) +

PT . bk, s 201

, - 1+§
2 e €,
kZZZ(IOIIHH( R?R)) (29)
e 201

1

[mere, 50\
where v, = e,/ cos’| —— |, 6, = it + A, 0,
R 2 {0
201 !

is the performance function to constrain the tracking

error ez, A; is a small positive constant, ¢, =
T

TeR g

201

€r ,
cos®

), ki >0, k,>0,and 0<p<1.

Denote w, as the error between the error angu-
lar velocity and the virtual error angular velocity,
that 1s

w,—=0w— o (30)

Then, based on the estimation results of the in-
troduced observer (Eq.(25) ) , the following pre-
defined-time controller can be designed for the atti-

tude error system.

T
Tw, w,

2

u:*.](, F1 + él - CI)*+COSZ<
2p>

)EUHr

; w. w,
20'2{0“goztan(7r . )+
IS 205

s
T {0% Ttwfwk :
— k| — tan Y, -+

PT o ki, I 20,

T . 2
where v,= w, cosz( nwrfo”),az_ (‘02) +A,,
2,05 NAVZ

02 1s the performance function to constrain the track-

ing error w,, A, is a small positive constant, ¢, =

w, ; TCCI);[‘CI)(
J( : ),andh>0.
2{02

2
|w. |
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3.2 Stability analysis
Define the tan-type BLF as
Tce,T;, (3 )

201

2
Vlzﬂtan
T

(32)

The time-derivative of the BLF is obtained as
n<ne£elé )/01 egel@
2[0? ©1 ) Tte,T;, ei
cos’| ———
201

. 2010
v, = 0101

T

T
€r

2 neres
< ZmIOItan( aht )+

cos” Tte',g'e,; i i
207

ovie, vl é,= 261ﬁ tan( ne;fk ) +

bis 207
ovie,+ v E(w,+ o )=v Fw, —
-
T ki,
Another BLF is considered as

T(e—l‘-e 5
an(kzk) (34)
2{02

4
2

- Lo 14t
(/elVl + k,2°V, 2) (33)

2
o,
s

V.

The time derivative of V, can be written as fol-

lows

w!'w,

T

. 20405 (nw;}‘wy ) 02
= tan e

V, . v E—
20, O [ o w,

oS .

2[02

w! 2 0! w,
70)1< 262&tal’l - +
[ o w, T 203

cos 207

T T o
0,0V, W, + UV, W, —

2 T
202& tan i ‘(u? +
T 203

cuiw,+ ol (F,+G+J, 'u—a)=
o = 2 h*
—w. Ev, + vé(Gl — Gl)ﬁL?v; vy —
.t
pT N bk,
It is worth noting that e = G, — él =0 1s ob-
tained for T=T, .

DefineV =V, + V,, and it can be derived that
V=V +V,<

4
2

= L
(/ele + k,2%V, 2) (35)

Tf(,el(vll
pTe\/ klkz

4 14 12
@2{vﬂ*2+»v;9))+

It can be derived by Lemma 2 that

1

_Pr _Pr _
vV, v, t=(V,+V,)

o

)1+

o >

1+2£ 142 -2
V, :+V, :Z=22(V,+V,
With the above relations, it can be obtained
from Eq.(36) that

T

vE———
PT A kiky

ya L’
(@V12+@vlﬁ+p3 (37)

where o, = ?H v ||, According to Lemma 1, it can
be proved that the BLF V will converge to a bound-
ed domain within predefined-time. According to the
property of BLF, <o, (1), |w. [|[<p,(2) al-

€r

ways exist. Therefore, the prescribed performance
functions p,(T,) constraints e, and p,(T,) con-
straints w, after T,. Thus, the virtual error angular
velocity w” approaches O, from which we can obtain
that the spacecraft’ s angular velocity error @ —> 0

within T..
4 Simulation Results

To verify the effectiveness of the proposed pre-
defined-time controller, numerical simulations for a
flexible spacecraft are conducted in two cases, and
the sampling time is 0.01 s. A set of comparative
simulation experiments with Ref.[25] of finite-time
attitude tracking controller (FTATC) are carried
out to reflect the superiority of the proposed control
algorithm in terms of settling time, convergence ac-
curacy and fault-tolerant performance. A flexible
spacecraft'®’ characterized by a nominal inertia ma-
trix J,=1[22,0.3, —0.4;0.3, 23, 0.3; —0.4, 0.3,
24 ]kg+m” and a uncertain inertia matrix AJ = 0.1J
is considered, respectively. The initial states are

presented as

0.2887 0.4802 —0.8660
R(0)=|—0.8165 0.5774 0
0.5000 0.0701  0.5000

2(0)=[0 0 0 0]

#(0)=[0 0 0 0]

w(0)=[0 0 0]

Moreover, the damping ratio, the natural fre-

quency and the coupling matrix are respectively

computed as
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£,=0.056,£,= 0.086,&,= 0.08,&,=0.02,/, =
1.0793,4,=1.276 1,/,= 1.6358,/,= 2.289 3

1.3525  1.2784  2.1530
—1.1519  1.0176 —1.224
| 22167 15891 —0.8324
1.2367 —1.6537 0.2251

The disturbances are set as
d(1)=[sin(0.1¢), cos(0.2¢), sin(0.2£) " Nem

The desired attitude and angular velocity are re-

spectively
R, (0)=1
wy, = 0.05[ sin (x£/100 ), —cos (2x£/100),
sin (372/100) |* rad/s

The parameters of the prescribed performance
function are set as p(0)=0.7, y=0.15, T,= 20,
the final value of e, is p,(z)=0.01, and the final
value of w, is p,(1)=0.005. The virtual estimation

error of w, is limited by p, and the attitude error e is

[ (O ) s 02 (O ):>

limited by o,. Therefore, ,01(0)>‘
|w.(0)]. And the setting of T, affects the slope of

o(t), which exerts an influence on the changing

trend of e, and w.. Besides, 0,(T.),p,(T,) deter-

N,

€r

mine the steady-state errors of‘

In addition, the parameters of the predefined
time observers are appointed as p,=0.15,T,=
5,a=0.01, p,=0.005, T,=10,c=0.01,6,=
0.95, 6,=0.2, b= 0.2. To design the disturbance
observer (Eq.(25)), it is necessary to obtain the es-
timations of flexible modes through the modal ob-
server(Eq.(15) ). Therefore, the relationship of the
two parameters T, and T, is T, < T,. Besides, the
setting of T, and T, can impact the convergence
time of the two observers. And the other parameters
can be adjusted through a trial-and-error method.
What’ s more, the impact of parameters on the ob-
server’s performance is tested by observing the esti-
mation errors of g and G, and the following control-
ler parameters have no effect on the observer’s re-
sults.

The parameters related to the predefined-time
prescribed performance controller (PTPPC) are
p=0.9, ky=0.2, k,=0.2, T,=20. The design-

ing of controller (Eq.(31)) is based on an ideal esti-

mation effect of the above observers, which is the
reason for T,.>T,, T.>T..

The high-accuracy of the proposed controller is
observed by selecting the variation curves of the
tracking errors. The simulation results of this paper
are compared with those of the finite-time controller
(FTC) in Ref.[25], and the initial conditions and
flexible spacecraft model are the same for both. As-
suming the attitude errors are less than 5% 10 *
that reaches the stable accuracy. Fig.3 reflects the
results of the attitude tracking of PTPPC, from
which it can be seen that the attitude tracking errors
converge to equilibrium within 18 s. Fig.4 shows
that with the simulation results of FTC designed in
Refl.[25], the attitude errors converge to 5 X 10"
after 30 s, and fluctuations occur in attitude tracking

process during subsequent.
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Fig.5 shows the spacecraft’ s angular velocity
curves, from which it can be seen that the angular
velocity errors of PTPPC converge to the equilibri-
um at 18.5 s and the accuracy can reach 5 X 1077,
while FTC needs 30.5 s in Fig.6. Moreover, sup-
posing that the final values of angular velocity errors

in simulations represent attitude control accuracy,
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the final attitude stability of PTPPC is much higher
than that of FTC.

In addition, Fig.7 illustrates the control torque
of the flexible spacecraft, from which it can be seen
that the maximum torque is 1.6 N+m of the actua-
tor. The PTPPC has much smaller maximum than
that of FTC (Fig.8) , meaning it is more suitable
for practical applications. As the spacecraft ap-
proaches the desired attitude, the control torques
gradually decrease.

The flexible vibrations are represented in
Fig.9, it is seen that the flexible vibrations are
bounded. The estimation performance of the observ-

er is shown in Fig.10 and Fig.11. From Fig.12 and
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consis-

Fig.13, it can be seen that the || €z | and | @,

tently satisfy the constraints of the performance func-

tion.
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To sum up, the proposed PTPPC has faster
transient response and higher convergence quality
compared with those of FTC. Thus, the practicality
and superiority of the controller designed in this pa-

per are verified.

5 Conclusions

For the attitude tracking problem in the attitude
tracking process of flexible spacecraft, a predefined-
time guaranteed performance controller based on
multi-observer is proposed. The convergence time
of the system can be predefined, which is not affect-
ed by the initial conditions. Moreover, the designed
controller is capable to handle multiple disturbances
to achieve robustness. The superiority of the pro-
posed controller is validated compared with that of
the finite-time controller. The higher control preci-
sion, faster convergence rate, and smaller control

inputs are all achieved.
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