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Reliable Gain Scheduling Output Tracking Control for Spacecraft Ren-
dezvous
Qian Wang* and Anke Xue

Abstract: This paper has proposed a discrete gain scheduling output tracking control method for the homing phase
of the spacecraft rendezvous based on the parametric Lyapunov equation. Considering the actuator saturation,
output tracking and the partial loss of thruster effectiveness, we establish a relative dynamic model based on C-
W equation and transform the orbital transfer control problem into a stabilization problem. The proposed gain
scheduling approach is to improve the state convergence rate by increasing the introduced parameters gradually
and remove the affect of the partial loss of thruster effectiveness. To obtain the designed controller, we only need
to solve a nonlinear equation. Numerical simulations illustrate the usefulness and effectiveness of the proposed
method.
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1. INTRODUCTION

Spacecraft rendezvous is a useful operation and a pre-
requisite for many astronautic missions [1]. The relative
motion of the two spacecrafts can be described by the au-
tonomous nonlinear differential equations. When the dis-
tance of the two spacecrafts is much smaller than the or-
bit radius, the relative motion can be described by C-W
equation [2]. In the past decade, many efforts have been
made to solve the control problem of the spacecraft ren-
dezvous and lots of results have been obtained. For exam-
ple, a parametric Lyapunov differential equation approach
to the elliptical rendezvous with constrained control was
proposed in [3], a decentralized adaptive control was stud-
ied for spacecraft rendezvous in [4], the hybrid multi-
objective optimisation for the two docked spacecrafts can
be found in [5] and a model predictive control approach
was developed for the spacecraft rendezvous in [6].

In recent years, many results have been obtained on de-
signing the optimal terminal rendezvous orbit [7]. Most
of the studies divide the terminal phase into the final or-
bital transfer and the docking process. This approach can
simplify the terminal rendezvous orbit design, but the re-
quired docking direction is ignored. In order to solve this
problem, it is better to further divide the terminal process
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into the homing phase and the docking phase. In the hom-
ing phase, the chaser spacecraft enters into the target or-
bit and keeps a distance from the target spacecraft. Then,
the docking phase starts by considering the spacecraft ren-
dezvous requirements. In this paper, we will propose a
new method for the homing phase spacecraft rendezvous
by regarding the holding point as a reference output signal
and transfer the control problem in this phase to an output
tracking control problem.

Saturation nonlinearity is unavoidable in practice and
makes the whole system essentially nonlinear [8]. Among
all the constraints of the spacecraft orbital control input,
the thrust constraint from the physical device is very im-
portant. In recent years, there are some results on the
spacecraft rendezvous system with limited-thrust. For
instance, a gain scheduling method based on parametric
Lyapunov equation [9] was proposed in [10] to solve the
stabilization problem for spacecraft rendezvous system
with actuator saturation and [11] studied the robust out-
put feedback control for a class of spacecraft rendezvous
systems with input constraints. In addition to the actuator
saturation, the partial loss of thruster effectiveness during
the process of the spacecraft rendezvous is also necessary
to consider. The existence of the thruster failure will af-
fect the safety and accuracy of the spacecraft rendezvous.
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Therefore, the study on reliable control against the possi-
ble thruster failure is important and challengeable [12].

The gain-scheduling approach has been widely applied
in many fields, such as, aerospace, process control and so
on [13,14]. Many results have been obtained on this topic
[10, 15–19].

In this paper, we designed a reliable discrete static
gain scheduling output tracking controller for the hom-
ing phase of the spacecraft rendezvous based on the para-
metric Lyapunov equation and low gain feedback (LGF).
Based on the C-W equations, a dynamic model is estab-
lished by considering the actuator saturation, thruster fail-
ure and the requirement of output tracking. With the ob-
tained controller, the homing phase of the rendezvous can
be completed. A numerical example illustrates the effec-
tiveness of the proposed method.

Notation: Throughout the paper, the notation used
is fairly standard. We use T to denote the transpose
and I [m,n] to denote the integers sets [m,m + 1, ...,n].
Biag{...} refers to a block-diagonal matrix. Let I denote
the identity matrix and ∥·∥ denote the 2− norm. The def-
inition of the function sign is sign(z) = 1 when z ≥ 0 and
sign(z) = −1 when z < 0. The function sat : Rm → Rm is
a standard saturation function,

sat(u) =
[

sat(u1) sat(u2) · · · sat(um)
]T

,

and sat(ui) = sign(ui)min{1, |ui|} , i = 1,2, ...,m.

2. DYNAMIC MODEL AND PROBLEM
FORMULATION

2.1. Description of relative motion
The circular orbit coordinate O−XY Z is given in Fig. 1,

where X axis shows the circular orbit radial direction, Y
axis denotes the target spacecraft flight direction, and Z
axis is out of the orbit plane. We assume that the two
spacecrafts (the target and chaser) are adjacent,the radius
of the target circular orbit is R and the vector r is from
the target spacecraft to the chaser spacecraft. The gravita-
tional parameter is denoted as µ = GM where M denotes
the center planet mass and G denotes the gravitational con-
stant. Then the target orbit rate is ω = µ1/2/R3/2. The
homing phase of the spacecraft rendezvous studied in this
paper is depicted in Fig. 2.

By considering the thrust constraint and Newton’s equa-
tions, the rendezvous dynamic model is [20]

ẍ = 2ω ẏ+ω2(R+ x)−σ µ(R+ x)+ satαX (ax),
ÿ =−2ω ẋ+ω2y−σ µy+ satαY (ay),
z̈ =−σ µz+ satαZ (az),

(1)

where σ = ((R+ x)2 + y2 + z2)−
3
2 and

a =
[

ax ay az
]T

, (2)
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Fig. 1. Circular orbit coordinate system.
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Fig. 2. Spacecraft rendezvous and docking process.

here a is the acceleration vector generated by the chaser’s
thrust forces, αX ,αY and αZ denote the maximal acceler-
ations that the thruster can generate. The linearized equa-
tion of (1) is

ẍ = 2ω ẏ+3ω2x+ satαX (ax),
ÿ =−2ω ẋ+ satαY (ay),
z̈ =−ω2z+ satαZ (az),

(3)

which is Clohessy-Wiltshire equation [2]. By denoting
D = Biag{αX ,αY ,αZ}, we have

u′ ≜
[

satαX (ax) satαY (ay) satαZ (az)
]T

= D
[

sat( ax
αX
) sat( ay

αY
) sat( az

αZ
)
]T

= Dsat(D−1a). (4)

By the state vector

xp =
[

x y z ẋ ẏ ż
]T

, (5)

and output vector

yp =
[

x y z
]T

, (6)

system (3) can be written as{
ẋp = Apxp +Bpsat(u) ,
yp =Cpxp,

(7)
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where u = D−1a and

Ap =


0 0 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1

3ω2 0 0 0 2ω 0
0 0 0 −2ω 0 0
0 0 −ω2 0 0 0

 , (8)

Bp =


0 0 0
0 0 0
0 0 0
1 0 0
0 1 0
0 0 1

D, Cp =


1 0 0
0 1 0
0 0 1
0 0 0
0 0 0
0 0 0



T

. (9)

In view of the thruster failures, system (7) can be written
as {

ẋp = Apxp +Bpsat(U ) ,
yp =Cpxp,

(10)

where U = Hu, H = Biag{1−hX ,1−hY ,1−hZ} with
0 ≤ hi ≤ 0.5, i = X ,Y,Z. We use hi to denote the possible
failure of the actuator along X axis, Y axis and Z axis,
respectively. That is, hi = 0 denotes that there is no fault
in the i−th thruster. Furthermore, 0 < hi ≤ 0.5 denotes
that there is a partial failure which is not greater than half
invalidation in the corresponding thruster.

In the homing phase, we use a reference output yr =
[0;yr;0] to denote the chaser’s terminal position. There-
fore, we can design an output tracking controller to solve
the control problem in homing phase, such that the output
yp of the closed-loop system can track the reference signal
yr, namely,

lim
t→∞

yp(t)− yr = 0. (11)

For eliminating the tracking error, we carry out an integral
operation. Let

q(t) =
∫ t

0
(yp (τ)− yr)dτ,

then

q̇ = yp(t)− yr.

Hence, we obtain the augmented system{
ẋ = Ax+Bsat(U )+Gyr,
yp =Cx,

(12)

where

A =

[
Ap 0
Cp 0

]
,B =

[
Bp

0

]
,G =

[
0
−I

]
,

C =
[

Cp 0
]
,x =

[
xp

q

]
.

Then, we consider the state-feedback control law in the
following form

u = Kx = Kxxp +Kqq, (13)

where K = [Kx Kq]. Thus, the augmented closed-loop sys-
tem can be written as

ẋ = Ax+Bsat(HKx)+Gyr. (14)

2.2. Problem formulation
According to [21], the output tracking requirement in

(11) can be satisfied if the closed-loop system ẋ = Ax+
BHKx+Gyr which is (14) removing the saturation func-
tion is stable. Thus, if there exists a controller in the form
of (13) which can stabilize the following system{

ẋ = Ax+BU +Gyr,
yp =Cx,

which is system (12) without saturation, then (11) can be
obtained, namely, the output yp in (10) can track the refer-
ence signal yr.

In this paper, we will study the homing phase control
problem by considering the following issues:

• The actuator saturation;
• Partial loss of thruster effectiveness;
• Output tracking;
• An estimation of the domain of attraction as large as

possible;
• Improving the dynamic performance of the closed-

loop system.

According to the dynamic model prescribed previously
and control objects given in the above, the control problem
to be studied can be expressed as follows.

Consider the rendezvous dynamic model (12), design
a discrete gain scheduling output tracking controller u to
make the closed-loop system (14) asymptotically stable
(meaning that the output tracking requirement in (11) is
satisfied). The designed controller can remove the af-
fect of the partial loss of thruster effectiveness, maximize
the size of attraction region, improve the dynamic perfor-
mance, meanwhile, ensure that the control input will not
saturate.

3. MAIN RESULTS

In this section we design a discrete static gain schedul-
ing controller to solve the output tracking control problem
for homing phase of the spacecraft rendezvous based on
the parametric Lyapunov equation method which is one
of the methods to construct the LGF [22]. In view of the
parametric Lyapunov equation method, the control law for
system (14) is

K =−BTP(ς) , (15)
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where P(ς) is the unique positive definite solution to the
following parametric ARE

PA+ATP−PBBTP =−ςP (16)

and ς > 0 is the low gain parameter.
Lemma 1 gives the properties of the ARE (16).

Lemma 1 [22]: Noticing that (A,B) is controllable and
A has all its eigenvalues on the imaginary axis. Then, for
the low gain parameter ς > 0

1) there exists a unique matrix P(ς) > 0 which solves
the ARE (16), P(ς) =W−1(ς), where W (ς) is the unique
positive-definite solution to the following Lyapunov ma-
trix equation

W (A+
ς
2

I)T +(A+
ς
2

I)W = BBT; (17)

2) the matrix A − BBTP(ς) is a Hurwitz matrix,
Re

{
λi
(
A−BBTP(ς)

)}
=−ς , i ∈ [1,9] ;

3) lim
ς→0

P(ς) = 0;

4) P(ς) is continuously differentiable and strictly in-
creasing with respect to ς , i.e. dP(ς)/dς > 0;

5) tr
(
BTP(ς)B

)
= 9ς .

Assume that the initial state of system (14) is from Ω ∈
R9 which is bounded. Define ς0 as

ς0 = ς0 (Ω) = min
x∈Ω

{
ς : 9ςxTP(ς)x = 1

}
. (18)

The existence of ς(0) can be guaranteed by lim
ς→0+

P(ς) = 0

and dP
dς > 0.

Consider a real number set

ΛN = {ς0,ς1, · · · ,ςN} , ςi−1 < ςi, i ∈ I [1,N] , (19)

where N is any given positive integer. For any ς j ∈ ΛN ,
define the following ellipsoids

E (Pς j) =
{

x ∈ R9 : 9ς jxTP(ς j)x ≤ 1
}
, j ∈ I [0,N] , (20)

where Pς j = 9ς jP(ς j).

Proposition 1: The ellipsoids E (Pςi) in (20) are nested,
that is, E (Pς2)⊂ E (Pς1), if ς1 < ς2.

Proof: According to property 4 of Lemma 1, we know
that dP(ς)/dς > 0. Hence

d
dς

Pς = 9P(ς)+9ςdP(ς)/dς > 0. (21)

So the ellipsoids E (Pς ) are nested. □

Then the main result of this paper can be stated as fol-
lows.

Theorem 1: Let P(ς) be the unique positive definite
solution to the ARE in (16). Then the designed discrete
gain scheduling controller in the following

u =

{
ui−1 =−Ki−1x, x ∈ Si−1,
uN =−KNx, x ∈ E

(
PςN

)
,

(22)

where Ki−1 = BTP(ςi−1), i ∈ I [1,N], KN = BTP(ςN) and

Si−1 = E
(
Pςi−1

)\
E
(
Pςi

)
, i ∈ I [1,N] ,

solves the reliable output tracking control problem for the
homing phase of the spacecraft rendezvous. The ellip-
soid set E (Pς0) = {x : 9ς0xTP(ς0)x ≤ 1} is the maximal
domain of attraction of the closed-loop system with con-
troller (22). Moreover, Ti−1 denotes the working time of
the controller u = ui−1, i ∈ I [1,N] which satisfy the fol-
lowing relation

Ti−1 ≤
1

ςi−1
ln
(

ςi

ςi−1
λmax

{
P(ςi)P−1 (ςi−1)

})
, (23)

and after

T (N) =
N

∑
i=1

Ti−1, (24)

the closed-loop system becomes a linear one under the
controller u = uN .

Proof: The proof is divided into three steps.
Step 1: The proof of the stability
Consider the set

L j ≜
{

x :
∥∥HBTP(ς j)x

∥∥≤ 1
}
, j ∈ I [0,N] (25)

which is the area in the state space where the actuators
with the control u =−BTP(ς j)x will not saturate.

According to Lemma 1 and the fact that
∥∥HTH

∥∥ ≤ 1,
for any x ∈ E (Pς j), the following inequality can be ob-
tained

∥Hu∥2 =
∥∥HBTP(ς j)x

∥∥2

≤∥H∥2∥∥BTP(ς j)x
∥∥2

=
∥∥HTH

∥∥xTP(ς j)BBTP(ς j)x

≤xTP
1
2 (ς j)tr

(
P

1
2 (ς j)BBTP

1
2 (ς j)

)
P

1
2 (ς j)x

=tr
(
BTP(ς j)B

)
xTP(ς j)x

=9ς jxTP(ς j)x ≤ 1. (26)

Then it follows from (20), (25) and (26) that

E (Pς j)⊆ L j. (27)

Thus the actuators will not saturate for any x∈ E (Pς j), that
is

x ∈ E (Pς j) =⇒ sat(Hu) = Hu. (28)
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Therefore, for any x ∈ E (Pς j), the system (14) is shown
as

ẋ = (A+BHK)x+Gyr. (29)

By using the designed controller (22), we have the
closed-loop system

ẋ = Ax+Bsat(Hu)+Gyr. (30)

In view of (28) and (29), the closed-loop system (30)
can be written as

ẋ =
(
A−BHBTP(ςi−1)

)
x+Gyr,∀x ∈ Si−1. (31)

According to [21], we can prove the stability of

ẋ = (A−BHBTP(ςi−1))x (32)

instead of the system (31).
Assume that at t = ti−1, i ∈ I [1,N], the state x(ti−1) is on

the ellipsoid boundary ∂E (Pςi−1). Obviously, we have

Vi−1 (x(ti−1)) = xT (ti−1)P(ςi−1)x(ti−1)

=
1

9ςi−1
, i ∈ I [1,N] . (33)

Now, the following Lyapunov function is selected

Vi−1 (x) = xTP(ςi−1)x. (34)

Then, for any x ∈Si−1, in view of Lemma 1 and the struc-
ture of the matrix H, the time-derivative of V (x) is

V̇i−1 (x) =2ẋTP(ςi−1)x

=2
(
Ax−BHBTP(ςi−1)x

)T
P(ςi−1)x

=xT (P(ςi−1)A+ATP(ςi−1)
)

x

−2xTP(ςi−1)BHTBTP(ςi−1)x

=xT (P(ςi−1)BBTP(ςi−1)− ςi−1P(ςi−1)
)

x

−2xTP(ςi−1)BHTBTP(ςi−1)x

=− ςi−1xTP(ςi−1)x+ xTP(ςi−1)

×B
(
I −2HT)BTP(ςi−1)x (35)

In view of 0 ≤ hi ≤ 0.5, i = X ,Y,Z, we have

I −2HT ≤ 0.

Then, (35) can be continued as

V̇i−1 (x)≤− ςi−1xTP(ςi−1)x

=− ςi−1Vi−1 (x)

<0, ∀x ∈ Si−1\{0}. (36)

Hence, the state will convergent to the ellipsoid E
(
Pςi

)
at

limited time and finally move to the ellipsoid E (PςN ) and
hold in the ellipsoid E (PςN ) thereafter.

When x ∈ E (PςN ), we have u = −BTP(ςN)x and the
closed-loop system becomes

ẋ = (A−BHBTP(ςN))x. (37)

Similarly to (35) and (36), the time-derivative of the Lya-
punov function VN (x) = xTP(ςN)x is

V̇N (x)< 0, ∀x ∈ E (PςN )\{0}, (38)

which indicates that the state x will converge to zero as t →
∞, i.e., the closed-loop system is asymptotically stable.

When ti = ti−1 + Ti−1, the states from the ellipsoid
boundary ∂E (Pςi−1) move to the ellipsoid boundary
∂E (Pςi). So

Vi (x(ti−1 +Ti−1)) =
1

9ςi
. (39)

Let

ϖi−1 ≜
1

ςi−1
λmax

{
P− 1

2 (ςi−1)P(ςi)P− 1
2 (ςi−1)

}
=

1
ςi−1

λmax
{

P(ςi)P−1 (ςi−1)
}
,∀i ∈ I [1,N] .

(40)

According to P− 1
2 (ςi−1)P(ςi)P− 1

2 (ςi−1)> 0, we have

P(ςi−1)≥
1

ϖi−1ςi−1
P(ςi) . (41)

It is easy to see from (36) that, for any t ∈ [ti−1, ti), the
following inequality holds

Vi−1(x(t))≤Vi−1(x(ti−1))e−ςi−1(t−ti−1). (42)

Then according to (33), (39) and (42), we obtain

e−ςi−1(ti−ti−1) = 9ςi−1e−ςi−1(ti−ti−1)Vi−1 (x(ti−1))

≥ 9ςi−1Vi−1(x(ti−1 +Ti−1))

= 9ςi−1xT (ti−1 +Ti−1)P(ςi−1)x

× (ti−1 +Ti−1)

≥ 9
ϖi−1

xT (ti−1 +Ti−1)P(ςi)x

× (ti−1 +Ti−1)

=
9

ϖi−1
Vi (X (ti−1 +Ti−1))

=
1

ϖi−1ςi
. (43)

Then, we can get

Ti−1 ≤
1

ςi−1
ln(ϖi−1ςi)

=
1

ςi−1
ln
(

ςi

ςi−1
λmax

{
P(ςi)P−1 (ςi−1)

})
. (44)
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Step 2: The proof of limt→∞ yp(t)− yr = 0
Take derivative on both sides of system (37) with re-

spect to t, we can acquire

ẍ = (A−BHBTP(ςN))ẋ = Acẋ,∀x ∈ E
(
PςN

)\
{0}. (45)

It follows from the above proof that Ac is stable. Obvi-
ously, we can get

ẋ =
[

ẋp

q̇

]
→ 0, t → ∞.

Hence, we have

lim
t→∞

yp(t)− yr = 0.

Step 3: An estimation of the maximal domain of attrac-
tion

When ς → 0, the ARE (16) can be written as

P(0)A+ATP(0)−P(0)BBTP(0) = 0, (46)

which has an unique positive definite solution P(0) since
(A,B) is controllable [23]. Therefore, the maximal
domain of attraction for system (12) is the ellipsoid
E (P(0)) = 9ς0xTP(0)x based on the controller (22). □

Remark 1: From Theorem 1, the controller switching
order is u0 → u1 → ··· → uN−1 → uN . The introducing
parameter ς indicates the state convergence speed. There-
fore, the control capability of the controller will become
stronger and stronger with the increase of the parameter ς .
Thus, the dynamic performance can be improved.

Remark 2: In this paper, we only consider the case
that the thruster invalidation is not greater than 50% (hi ∈
(0,0.5], i = X ,Y,Z). Actually, the case that the thruster
invalidation is greater than half, namely, hi ∈ (0.5,1], i =
X ,Y,Z is very important and deserves further study in the
future.

Remark 3: (The implementation steps)

• Step 1: computing ς0 by solving the following non-
linear equation

9ς0xT
0 P(ς0)x0 = 1. (47)

• Step 2: setting ΛN in (19) by the exponential growth
method

ςi = ς0∆ς i, i ∈ I [1,N] , (48)

where ∆ς (∆ς > 1) is a given constant. Actually, the
other methods can be used to design ΓN in (19), such
as, a linear growth method:

ςi = ς0 +
i
N
(ςN − ς0) , i ∈ I [1,N] (49)

where, ςN is a known constant.

• Step 3: computing P(ςi) by solving the Riccati equa-
tion (16), continuously, computing u in (22).

• Step 4: setting the initial value of the current variable
i as i = 0 and the controller is u = u0. If i ≤ N−1, for
each x(t), calculate

Ψ(x) = 1−9ςixTP(ςi)x. (50)

If Ψ(x)≥ 0, let u = ui+1 and i = i+1; otherwise set-
ting u = ui.

4. NUMERICAL SIMULATIONS

In this section, an example is used to verify the effec-
tiveness of the designed controller. Through considering
a pair of adjacent spacecrafts, and the chaser transfers to-
wards the target along the homing phase orbit. It is as-
sumed that the target spacecraft is on a geosynchronous
orbit whose radius is R = 42241km and orbital period is
24 hours. Then the computed orbit rate is ω = 7.2722×
10−5rad/s. Assume that the accelerations in the three di-
rections satisfy, respectively, |αX | ≤ 0.5, |αY | ≤ 0.5, and
|αZ | ≤ 0.5. Suppose that the initial state is

xp(0) =
[

10,000 10,000 8,000 8 6 −5
]T

,

and the holding point is yr=
[

0 −100 0
]T.

Considering the given initial state, we get ς0 = 0.002.
The exponential growth method is adopted to design ΛN ,
where ∆ς = 1.01 and N = 100. And assume hi = 0.5, i =
X ,Y,Z. With these parameters, the unique positive definite
solution to the parametric ARE (16) can be computed. For
the comparison, the closed-loop system will also be sim-
ulated for the proposed method with N = 50 and the LGF
with the corresponding gain K =−BTP(ς0) [22].

From Fig. 3 and Fig. 4, we can see that the closed-
loop system is stable and the output tracking requirement
is satisfied by using the proposed gain scheduling con-
troller (22). Moreover, the convergent time of the homing
phase mission of spacecraft rendezvous with N = 100 and
hi = 0.5, i = X ,Y,Z is shorter than the case of N = 50 and
LGF. This result illustrates that the system dynamic per-
formance becomes better and better as the increase of the
switching number N in a certain range of switching num-
ber and shows the effectiveness of the proposed method.
The control accelerations for the closed-loop system are
recorded in Fig. 5 which shows that the control capabil-
ity of the designed controller will become stronger and
stronger with the increase of the parameter ς and the actu-
ator does not saturate. The curve of the control gains can
be found in Fig. 6.

Now we consider the different thruster invalidation
cases by choosing hi = 0.5, hi = 0.2 and hi = 0, respec-
tively, where i = X ,Y,Z. From Fig. 7 to Fig. 9, we can
see that the homing phase mission of the spacecraft ren-
dezvous can be finished in the three different cases. The
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√
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notes LGF, Case 2 denotes the proposed method
with N = 50, Case 3 denotes the proposed method
with N = 100.
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Fig. 4. The output signal yp(t), where Case 1 denotes
LGF, Case 2 denotes the proposed method with
N = 50, Case 3 denotes the proposed method with
N = 100.

state convergent time and the transfer orbit of the chaser
would be much longer under the condition of the serious
thruster invalidation.We compare the exponential growth
method for Λi with the linear one with the same parame-
ters N = 100, ς0 = 0.002, ∆ς = 1.01, ςN = ς0∆ς 100. Fig.
10 shows that the two different design methods for Λi do
not influence the dynamic performance of the closed-loop
system.

5. CONCLUSION

This paper has designed a discrete static gain schedul-
ing output tracking controller for the homing phase of
spacecraft rendezvous system with actuator saturation and
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axis, where Case 1 denotes LGF, Case 2 denotes
the proposed method with N = 50, Case 3 denotes
the proposed method with N = 100.

2 2.5 3 3.5 4 4.5 5 5.5

x 10
−3

0.01

0.015

0.02

0.025

0.03

0.035

γ

T
h
e
 n

o
rm

 o
f 
th

e
 g

a
in

 K

Case1

Case2

Case3

Fig. 6. The norm of the gain K, Case 1 denotes the pro-
posed method with N = 100, Case 2 denotes the
proposed method with N = 50, Case 3 denotes
LGF.

thruster invalidation. The contributions of this paper
mainly reflected in two aspects, that is, increasing the
state convergence speed and removing the thruster inval-
idation. Simulation results have shown that the homing
phase mission is finished successfully by using the pro-
posed method.
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