
  

1 INTRODUCTION 
Deep space environment satellite effect by different kinds 
of disturbance torque, there are some uncertain factors lead 
to satellite inertia and time-varying. Many scholars have 
studied and common sliding mode control, optimal control, 
adaptive control, and their mutual combination method. 
Literature [1] put forward for the adaptive control for the 
moment of inertia of the unknown, do not consider 
interference effects. Literature [2] to control the position of 
gravity gradient interference but do not have general this 
interference. In literature [4] a disturbance compensator 
was introduced however, the mathematical model for linear 
after may not be suitable for the original system. Literature 
[5] proposed a robust control based on neural network, but 
the controller designs accuracy is not high. Literature [10] 
the adaptive variable structure combined with intelligent 
control technology, neural network control to compensate 
the input saturation and nonlinear, achieve good control 
effect. In literature [7] the back-stepping is used in the 
design of satellite attitude control, but the design of the 
controller needs to satellite inertia and precise values of 
outside interference. Literature [9], According to 
environmental disturbance torque of small satellite attitude 
control problem, the adaptive estimation disturbance torque 
and two continuous function in the design on the basis of 
combining the back-stepping attitude controller is 
designed, the interference has certain robustness. Satellite 
attitude control is a kind of nonlinear coupling of multiple 
inputs multiple output control system, the back-stepping 
control is a very effective control method, ensure the 
stability of the whole system. 

2 MATHEMATICAL MODELS 
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2.1 Satellite Attitude Dynamics Satellite 

Because of quaternion describing satellite attitude there is 
no strange phenomenon, therefore this article attitude 
quaternion method is used to describe the attitude of the 
satellite attitude kinematics equation can be expressed as  
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We take 3R∈  as the angular velocity in this system of 
the satellite relative to the inertial system in the projection, 
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In view of the rigid satellite, consider its three reaction 
flywheel is adopted to improve the attitude control, and 
three reaction wheels are respectively installed on the 
satellite three axis of ontology, is at this point can be 
concluded as follows the satellite attitude dynamics: 
 ( )t×+ = +J J u d  (4) 
Where 3 3R ×∈J  is suitable for satellite inertia matrix, 

3R∈u  for three axis of ontology reaction flywheel effect 
on satellite control torque, ( )d t  is the outside disturbance 
torque. 

       ( ) ( )2 1d d doq q qΤ + =         (5) 
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2.2  The Tracking Error Equation 

Set the desired body coordinate system relative to the 
inertial system expected unit quaternion to 

[ ]dv do dq q q=  attitude error quaternion said the 
expectations in body coordinate system relative to the body 
coordinate system of the unit quaternion..  
 do o d de q q q q q q×= − +  (6) 

 o o do de q q q qΤ= +  (7) 

Where ve  meets the constraint  

 ( )2 1oe e eΤ + =  (8) 

To consider the error of angular velocity eω  as angular 
velocity in body coordinate system  
 e dRω ω ω= −  (9) 

Where dω regarded as expected body coordinate system 
which relatives to the angular velocity of inertial system; R 
is the desired body coordinate system which relatives to the 
body coordinate system rotation matrix 
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3 2 2o oR e e e I ee e eΤ Τ ×= − + −  (10) 

From equations above, satellite attitude tracking error 
equation: 
 ( )1

32 o ee e e I ω×= +  (11) 
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For convenience of following controller design, we first 
give the following assumptions: 
Assumption 1: the rotational inertia J of the satellite is the 
unknown and long value of the positive definite symmetric 
matrix, there exist constant minJ maxJ to establish 

min max0 J J J< ≤ ≤ < ∞  
Assumption 2: the interference torque is unknown but 
bounded. 
The goal of the controller designed in this paper can be 
expressed as: in view of the existence of interference and 
unknown moment of inertia in control satellite control 
system, we design the control law of satellite attitude 
control is that when t → ∞ , 0e → or 

0ω → or e and ω  arbitrary converge to a small area 
which contains. 

3 THE ATTITUDE CONTROL SYSTEM 
DESIGN 

The back-stepping control aimed at a class of strict 
feedback system, a series of virtual control values 
calculated by recursive computation to get the final control 
input. For the existence of unknown inertia matrix and 
interference torque of the satellite attitude tracking 

problem, this paper proposes a step adaptive inverse 
controller design method based on Lyapunov stability 
theory, in this way, it can ensure consistent asymptotic 
stability of the closed-loop system. 
In order to facilitate the design of the control law, we define 
a new variable 
 1 1x e=  (14) 

 2 ex ω α= −  (15) 

In Eq. (15), 1x  2x are the new state variables, α is calm the 
function 
Step 1: define Lyapunov function based Eq. (11) and Eq. 
(12) 

 ( ) ( )2
1 1 1 1 oV x x eΤ= + −  (16) 

The derivative of 1V  

 ( ) ( )1 1 2V x x αΤ= +  (17) 

We serve eω as a virtual control value, ε is constant. Eq. 
(20) substituted into Eq. (17) 
 1xα ε= −  (18) 

 ( ) ( )1 1 2 1 1V x x x xεΤ Τ= −  (19) 

Obviously, when 1 0x ≠ 2 0x = 1 0V < , 

asymptotically 1x  is stabled 

Step 2: 2 ex ω α= −  (20) can be get from Eq. (15). 

Where [ ]11 22 33 12 13 23J J J J J Jθ Τ= can be defined as 

the inertia parameters of satellite describing vector, its 
corresponding estimates value is 

11 22 33 12 13 23J J J J J Jθ
Τ

=  

The estimated error is θ θ θ= −  

At the same time, Eq. (20) left by J  and substitute into Eq. 
(13): 
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Theorem: aiming at the existence of unknown moment of 
inertia and torque wheel control satellite attitude tracking 
control system, under the limit of assumption 1 and 2, 
control Eq. (22) and the adaptive law Eq. (23) can ensure 
the angular velocity to bound and the closed-loop system is 
asymptotically stable. Then 

 1 2u x kx Gθ= − − −  (22) 

Where  
( ) ( )
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Define the operator ( )
1 2 3
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anyξ , there exists ( )J Lξ ξ θ=  

 ( )1
2,proj Y G xθ θ − Τ=  (23) 

Where Y is suitable for any positive diagonal matrix, the 
projection operator 1

2( , )proj Y G xθ − Τ  
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At this time, k is the control parameter 
Prove the Stability 
Proof: 

( ) ( ) ( )2 1 1
1 1 2 22 21 oV x x e x Jx Yθ θ

ΤΤ Τ= + − + +
 

The derivative ofV is 
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Define a function 

 
2 22H V z dγ= + −  (26) 

Among them, 1 1 2 2z x xρ ρ
Τ

= 1ρ , 2ρ is the 

weighted coefficient; Eq. (22) and Eq. (23) substitute into 
Eq. (26) 
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Where  

 ( ){ }2
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1 2 4
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Then  
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And then 
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Τ Τ

− ≤ − , the 

system stability 
 

4 THE SIMULATION 
The rotational inertia of the satellite is 

2

55.3 0.22 0.43
0.22 50.5 0.27
0.43 0.27 41.2

J kg m= − •
−
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Take the initial value of spacecraft 

( ) [ ]0 0.01 0.02 0.01 /rad sω Τ= −  

( ) [ ]0 0.94 0.28 0.13 0.13 Tqν = −  

Take 0.9γ = , 1 1ρ = 2 1ρ = 3ε = 5k =  

The simulation results show that the system has better 
interference suppression performance 
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Fig.1 attitude quaternion response curve 
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Fig.2 attitude quaternion response curve 

5 FORMATTING INSTRUCTIONS 
Focusing on the unknown moment of inertia and under the 
condition of unknown disturbance torque, adaptive 
back-stepping method adopted in controller design to make 
the satellite quickly achieve a desired posture, meanwhile, 
the interference has played a very good inhibitory effective. 
Data driven technology [12-16] applied to this field is my 
next work. 
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