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Abstract: This paper deals with the attitude tracking control problem of rigid satellite with uncertainties of 
disturbances. An adaptive proportional derivative controller (PD) is proposed to deal with the influence of 
external disturbance in the attitude controller. The uncertain disturbances can be estimated through an 
adaptive algorithm and can be compensated in the proposed controller. The tracking error and the closed-loop 
system stability are ensured based on the Lyapunov analysis using the representation of the spacecraft 
dynamics especially the quaternion properties. Simulation results can clearly illustrate the feasibility, the 
effectiveness and the performance of the planned control strategies, which have been validated by the Monte 
Carlo method, the results can be extended to other adaptive attitude control laws. 
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1. INTRODUCTION 
The problem attitude control of satellite is 
largelyposed in the space missions, a 
number of solutions have been proposed for 
the adequate treatment of such problem [1-
3]. However, Space missions are generally 
performed under different space 
environments and subject to various 
disturbances, for instance: aerodynamic 
torque, gravitational torque, radiation torque 
[4], these disturbances have a direct 
influence on the control performance, 
particularly in the case of LEO satellites 
operating in the altitude ranges where their 
dynamics are significantly affected by most of 
the aforementioned disturbances. 
Hence, attitude control of such satellites 
becomes a challenging task in order to deal 
with uncertain disturbances problem that 
requires an attitude control with high tracking 
precession, high pointing accuracy and high 
stability, for this reason, it is necessary to find 
an efficient control method, which deals with 
the disturbance problem. Many works are 
oriented towards the spacecraft attitude 
control issue through external disturbance 
where various control approaches have been 
proposed to treat this problem such as : the 
PID controller [5], optimal control [6-8], sliding 
mode control [9-11]. Furthermore, the 
approach of adaptive control is proposed as 
a solution against the problem of the complex 
variant dynamics (uncertain), for this reason, 

the adaptive control is more used in 
aerospace domain to overcome the  
problems of uncertainties of the inertia matrix 
and environmental disturbances. 
The control technique proposed for the 
International Space Station (ISS) is based on 
an adaptive controller [12] in which the 
spacecraft was considered as a rigid body, 
the controller is constructed by incorporating 
a planned adaptation attitude gains in order 
to have an attitude tracking with an 
acceptable performance..  Otherwise, to 
address the control issue of a rigid attitude 
satellite under external disturbances with 
inertia matrix uncertainty, the optimal inverse 
theory using the method of adaptive control 
were employed [13]. In addition, to overcome 
the uncertainties of the parameter and robust 
performance tracking, an adaptive PID 
controller has been discussed in [14] by 
integrating the fuzzy logic system with sliding 
mode controller. Two LQR designs based on 
two different models, the reduced quaternion 
and the Euler angle model, are conducted in 
[15], this strategy show that the reduced 
quaternion for attitude control systems in 
orbit-raising mode is a promising technique 
The problem of adaptive output feedback 
control for satellite proximity operations has 
been studied in [16] this approach has shown 
an improvement in monitoring results and 
robustness under various conditions 
compared to the PD controller, the adaptive 
control based on robust observer is applied 
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to rigid spacecraft in [17]. A sliding mode 
adaptive control mode was emplyed in [18] 
where the spacecraft is treated as a rigid 
body, the controller consist of an adaptive 
algorithm for disturbances estimation which 
will be suppressed there after using the 
controller based on the sliding surface. 
It is noteworthy that in the previous adaptive 
control methods, the controllers consist of 
two (or more) combining control techniques 
which increase the system complexity. Thus, 
the reliability will be decreased that 
represents an important problem in the space 
domain, therefore, it is required to think of the 
simplistic way of an attitude tracking control 
with a low complexity degree without 
decreasing the control performance. 
In the present paper, a PD adaptive attitude 
controller is applied to rigid spacecraft to deal 
with external disturbances uncertainties 
effect on the control performances. The 
proposed controller consists in estimating the 
external disturbances uncertainties and than 
in compensating them in order to get a best 
tracking control, high poniting accuracy and 
suitabale stability.  The convergence of 
tracking error and the completed  system 
stability are guaranteed using Lyapunov 
analysis method. 
Finally, the aquired results can demonstrate 
the feasability and usefulness of the planned 
controller which can be extended to other 
adaptive attitude control laws and  can be 
insert into the devlopped control methods of 
satellite  tracking control under uncertain 
disturbances. 
. 
 

2. MODEL DESCRIPTION 
A. Mathematical model of satellite 

attitude 
There are principally two methods to define 
the attitude motion of the satellite. Euler 
angles and quaternions that can be combined 
to each other.  

The kinematic and dynamic equations of 
satellite attitude can be described as follows 
[19] 

Jω ω Jω u d    (1) 

 0

1

2 v

×
v 3q q q I ω  (2) 

0

1

2
T
vq q ω  (3) 

where 3J R  denotes the moment of inertia 
matrix which is constant and symmetric. 

 1 2 3, ,
T

ω     denotes the angular velocity 

vector of body coordinate system relative to 
inertial coordinate system. u  and d are 
respectively satellite’s control forces and 
disturbances. 3I  Is three-unit matrix. q is the 
unit quaternion of satellite body coordinate 

system,  0 ,
T

vq q q with  1 2 3[ , , ]Tvq q q q . The 

interaction between them is: 

2 2 2 2
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a    is an operator on any vector 

1 2 3[ , , ]Ta a a a  such that [20]: 
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Let  0,
T

e ve eq q q  denotes the relative attitude 

error from a desired reference frame to the 
body-fixed reference frame of the satellite. 
Then we can have: 

1
e dq q q     (6)  

Where 1
dq
  is the inversed desired quaternion 

and is the quaternion multiplication 
operator. Therefore, the relative attitude error 
is obtained by: 
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and 

e dω ω ω    (8) 

Where dω represents the expected the 
satellite angular velocity, which is considered 
to be equal to zero, and thus 0d eω ω ω  
.  

Hence, the angular velocity of the spacecraft 
can be derived as below [21]: 

 -1 × -1 -1
eω =ω=-J ω Jω+J u+J d  (9) 

The orbit of a small satellite, encompassing 
eccentricity, inclination, and altitude and the 
satellite in complex environments may be 
affected by aerodynamic moments pd , 

gravity gradient moments gd , geomagnetic 

moments md and solar pressure sd [22]. The 
total environmental disturbance torque can be 
given as 
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p g m sd=d +d +d +d
                  

 (10) 

These moments of external disturbance do 
not always exist and remain unchanged, but 
are related to the satellite orbit altitude, the 
distribution of the structure and the conditions 
of the space environment.       

Assumption: the total disturbance torque d
is bounded and is slow-varying, thus it is 

reasonable that 0.d   

B. PD adaptive attitude controller   

In this section, a PD adaptive attitude 
controller is designed, which can compensate 
the effect of the variation of the spacecraft’s 
disturbances, for this purpose, we will show 
the controller law in form Eq. (11) which can 
stabilize the origin of the plant  Eq. (1), Eq (2) 
and Eq. (3). 

ˆ×u=ω (Jω)-Dω-Kq-d   (11) 

where d̂ is the estimated disturbance of d , 
which can be defined using an adaptive law 
as fellow: 

ˆ -1d=C(K ) ω   (12) 

where  

 1 2 3, ,C diag c c c  with 0,  1,2,3ic i   is 

scalar. 
D  and K  are positive constants. 

 

Fig. 1 Block diagram of the composite controller 

In order to demonstrate the system stability, 
the following Lyapunov candidate function is 
considered : 
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(13)                          

where  

ˆe d d   is the disturbance estimation error, 

thus V is given by  
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0
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0

2
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Using the expresion of u  in equation (11), the 
equation (14) becomes:  

T 1 T 1 1 TV ω K Dω ω K e C e e       (15) 

The derivative of the disturbnace observer 
can be computed as fellow  

1ˆ ( )d C K ω
    (16) 

Substituting (16) into (15) gives 

 T 1 1 1 Tˆ
T

V ω K Dω C d e C e e       (17) 

Let ˆe d d 
  according to the above 

assumption ( 0d  ) then ˆe d 


 . 

Then (17) gives 

 T 1 1 1 TT
V ω K Dω C e e C e e        (18) 

Hence  

T 1V ω K Dω  (20) 

Is satisfied  

0V        (21) 

Since V is semi-negative definite then the 
asymptotic stability has been proved. Hence, 
the negativeness of V insures the system 
asymptotic stability. 

3. RESULTS AND DISCUSSION 

To assess the effectiveness of the planned 
control systems, numerical simulations were 
carried out under the Matlab/Simulink 
platform.The satellite parameters (used in the 
simulation) are illusterated in the following 
table. 

Table1 Satellite simulation parameters. 
Parameter Value 

 

Inertia[
2.kg m ] 

152.9 0 0

0 152.5 0

0 0 4.91

 
 
 
  

 

Orbit [ km ] 686 

Inclination          
[ deg ] 98 

Initial attitude [
deg ] [0 0 0] 

Initial attitude 
rate [ deg/ s ] [0 −0.06 0] 

 
External 
Torques  
[ .N m ] 

 2
0.05sin(0.8 )

0.005 0.05cos(0.5 )

0.05cos(0.3 )

t

t

t

 
   
  


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Gains tuning method allows choosing of 
controller gains as : 95D   , 0.05K  ,

 385, 296,125diagC  

The control objective is to transfer the 
system from the initial attitude to the desired 
attitude, the simulation results are shown in 
figures 2-8. 

 
Fig. 2 Time responses of Disturbance dx 

 
Fig. 2. Time responses of Disturbance dy 

 
Fig. 3. Time responses of Disturbance dz 

Figures 1-3 show the time evolutions of 
disturbances, disturbances estimations and 
estimation error according the three axes 
respectively, it is clear that the proposed controller 
can effectively estimate the uncertain disturbances. 
The control torques of three axes are given in Fig. 
4. It is seen that at the beginning of the simulation, 
the control torque is important, the reason is that 
the proposed controller has better dynamic 
response  

 

than a classical control and can estimate 
compensate for the disturbances. Furthermore, 
after 7.2s, no excessive control energy is required 
to reject the disturbances.   

 
Fig. 4. Time response of control Torque 

Fig. 5 and Fig. 6 illustrate the attitude control 
error and the quaternions error where the 
attitude control accuracy has been improved 
and the partial amplifications can demonstrate 
that the error has been perfectly reduced. 

 
Fig.5.Attitude angle error 

 

Fig. 6. Error quaternions 

The responses of the spacecraft error angular 
velocity components are depicted in Fig 7. It 
can be seen that the stabilization is obviously 
improved using the proposed controller.  
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Fig. 8 Error angular velocity 

For more detailed analysis, the root mean 
square (RMS) values of error results are 
computed for the time period 100-150 sec, 
which are presented in theTable2. 

Table 2 RMS errors of the attitude 

 RMS  

With Observer 

RMS 
Without 

Observer 

Roll (Deg) 

Pitch (Deg) 

Yaw (Deg) 

0.168e-5 

0.551e-2 

0.506e-5 

0.196e-3 

0.960e-1 

0.363e-3 

 Magnitude of 
error 

Magnitude 
of error 

Attitude (Deg) 0.547e-2 0.960e-1 

Table 2 presents the attitude errors 
which are improved when associating the 
observer with the controller; the roll and yaw 
angles errors where improved from the order 
1.10-3 (deg), to the order1.10-5 (deg), the 
pitch angle error was also improved from the 
order 1.10-1 (deg), to the order 1.10-2 (deg), 
that can clearly confirms the usefulness of 
the observer. 

Stochastic simulations 

        The static simulation consists of 10000 
simulation runs, where the main objective is 
to analyse the way, in which the accuracy 
performance of the used method on a rigid 
satellite during attitude control has been 
carried out. for each Monte-Carlo run, the 
angle rates control errors along the three 
axes were picked randomly in the interval [-1 
1] with the step of 0.1°/s. The global 
magnitude error is always kept below 1.10-3 
(deg), for every simulation, the Monte Carlo 
test shows how the desired adaptive 
controller was made robust against 
disturbances. 

 

(a) Roll error(b) Pitch error 

 
         (c) Yaw error(d) Global attitude error 

Fig. 9Histogram of Euler angles control errors 

4. CONCLUSIONS  

Rigid spacecraft attitude control with 
uncertain disturbances has been addressed 
using a new adaptive PD method that 
combines adaptive method to PD controller. 
The proposed approach allows overcoming 
the disturbance variations effect on the 
controller and improving the pointing 
accuracy. The convergence error as well as 
the system stability are proved theoretically 
and verified using Lyapunov analysis.  
The simulation results have been performed 
using MATLAB/SIMULINK environment. The 
simulation results show clearly the attitude 
angles convergence; hence, the controller 
can achieve perfectly the required pointing 
accuracy and spacecraft stabilization. 
Simulation results can also illustrate the 
proposed method feasibility, which provides a 
useful and promising way to treat attitude 
control of rigid spacecraft. Furthermore, the 
effectiveness of using the proposed method is 
analysed through Monte Carlo simulations 
test. 
Some perspectives of this work can be also 
oriented toward the optimization of the 
controller gains, development of the proposed 
controller to deal with inertia uncertainties 
problem and taking into account the flexibility, 
the vibrations and the sloshing phenomena in 
order to construct a robust controller with 
better performances.  
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