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Abstract—In the paper, the predictive control method is proposed 

to control the synchronization of two perturbed satellites attitude 

motion. Based on delayed feedback control of continuous-time 

systems combines with the prediction-based method of discrete-time 

systems, this approach only needs a single controller to realize 

synchronization, which has considerable significance in reducing the 

cost and complexity for controller implementation.  

 

Keywords—Predictive control, Synchronization, Satellite 

attitude. 

I. INTRODUCTION 

 TITUDE control of rigid bodies and of satellite in 

particular, is a thoroughly researched discipline. 

Nowadays, different techniques and methods have been 

proposed to achieve attitude control such as nonlinear control 

[1], sliding mode control (SMC) [2]-[4], adaptive control 

[5]… etc. 

Attitude synchronization is required for modern space 

mission concepts involving multiple satellites flying 

information. Disturbances may however prevent the satellites 

from following their reference trajectories precisely. A 

synchronization control scheme copes with this by controlling 

the relative errors between the satellites attitudes. The goal is 

to find control torques that asymptotically drives the satellites 

attitudes towards the same orientation.  

In this paper we propose a Leader/Follower feedback 

predictive synchronization scheme for control of the attitude 

of two satellites. The Leader/Follower architecture is a 

hierarchical structure where the Follower satellite is controlled 

so as to maintain a predefined relative position and attitude to 

the Leader. A reference projection is proposed, so that the 

follower satellite is commanded to follow a combination of its 

reference attitude and the measured or communicated leader 

satellite attitude. 

Instead of designing reference trajectories for each satellite, 

the coordination of the two satellites is made directly in the 

control law. The attitude of the follower satellite should track 

the attitude of the leader satellite. The attitude of the leader 

system, on the other hand, should track any time-varying 

reference attitude, which is typically given mathematically [6].  

When the leader satellite is subjected to disturbances, 

controlling the relative error directly may give smaller relative 

errors than traditional tracking control. 
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II. SYSTEM EQUATION 

A. Kinematics 

The kinematics of the satellite determines the attitude of the 

main body, and is derived by integration of the angular 

velocity. The corresponding rotation matrices are [7], [8]. 
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ψθϕ and,  are three angles clockwise rotations about inertial 

axes I;J and K respectively. 

B. Dynamics 

A satellite can be regarded as an ideal rigid body. The 

dynamic model of the satellite is derived using a Newton-

Euler formulation, where the angular momentum change 

related to applied torque. The satellite model is [8]-[12] 

 

















+
































+
















=
















z

y

x

z

y

x

z

y

x

yxz

zxy

zyx

z

y

x

u

u

u

M

M

M

ω
ω
ω

ωωσ
ωωσ
ωωσ

ω
ω
ω

ɺ

ɺ

ɺ

           (2) 

 

where 

z

yx

z

y

xz
y

x

zy

x
I

II
and

I

II

I

II −
=

−
=

−
= σσσ ,  

 

where 
zyx IandII ,  are the principal moments of inertia; 

zyx MandMM ,  are the perturbing torques; and 

zyx uanduu ,  are the three controls torques.  

III. PREDICTIVE CONTROLLER DESIGN 

A. Definition  

Consider the nonlinear system described by the dynamics as 

the Leader system 
 

( )xfxAx 11 +=ɺ                          (3) 

 

where ( ) nT

n Rxxxx ∈= ,....,, 21  
denotes the system’s n-

dimensional state vector, A1 is a n x n matrix and nn RRf →:1
 

represent nonlinear part of the system dynamics. The 

controller ( ) ( ) ( ) ( )( )nT

n Rtutututu ∈= ,....,, 21
 is added into the 

slave system, which is given by 

 

( ) ( )tuyfyAy ++= 22
ɺ                                    (4) 
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where ( ) nT

n Ryyyy ∈= ,....,, 21
 is the follower system’s n-

dimensional state vector, A2 is an n x n matrix and 
nn RRf →:2  represent nonlinear part of the follower system. 

To synchronize the systems is to find a control signal 

( ) nRtu ∈  that makes states of the follower system to evolve as 

the states of the Leader system.  

To achieve the goal we define the synchronization errors 

dynamics as follows: 

 

( ) nT

n Reeexye ∈=−= ,....,, 21  
 

and subtracting the system (3) from the system (4), the error 

dynamics is determined by 
 

( ) ( ) ( )
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,

1122
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            (5) 

 

where ( ) ( ) ( ) ( )xAAxfyfyxFxye 1212,, −+−=−=
 

The aim is to design the controller ( ) nRtu ∈  such that 

 

( ) 0lim =
∞→

te
t  

 

According to the predictive control design procedure [13]-

[15], the control input ( )tu
 
is determined by the difference 

between the predicted states and the current states: 

 

( ) ( ) ( )( )teteKtu p −=                          (6) 

 

where K is a gain vector, ep(t) is the predicted future state of 

uncontrolled systems from the current state e(t). 

Using a one-step-ahead-prediction, the predictive control 

(6) becomes 
 

( ) ( ) ( )( )teteKtu −= ɺ                             (7) 

 

Therefore the error system (5) is then rewritten as 
 

( ) ( ) ( )( )teteKyxFAee −++= ɺɺ ,1           (8) 

 

Near ef, we can use the linear approximation for the 

uncontrolled system by 
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where 
nnRA ×∈  is the Jacobian matrix evaluated at the fixed 

points ef , which is defined as follow: 
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Equation (9) is rewritten in the form 

 

( ) ( )teAte δδ =ɺ                                          (11) 

 

With 

( ) ( ) fetete −=δ                            (12) 

 

The controlled system is linearized around ef by 

 

( ) ( ) ( ) ( )( )
( ) ( ) ( )( )

( )( ) ( )teIAKA

teteAKteA

teteKteAte

δ
δδδ

δδδδ

−+=

−+=

−+= ɺɺ

                  (13) 

 

where nnRI ×∈  is the identity matrix. 

In order to apply the proposed predictive control strategy, 

we have to determine the gain vector K and the vicinity of the 

fixed point to adjust the next point so it falls on the fixed one. 

The feedback gain K is determined as follows: [14] 
 

( ) IIAKA <−+                                    (14) 

 

and the vicinity of the fixed point is given by: 

 

( ) ( ) ( )1−−= tetetr                                       (15) 

 

The controlled system will be described by: 
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where ε is a positive small real number.   

IV. SYNCHRONIZATION OF TWO SATELLITE SYSTEMS USING 

PREDICTIVE CONTROL 

Consider the following two identical satellites attitudes 

systems, where the Leader system and Follower system are 

denoted with x and y, respectively [16]. 

Leader system: 
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Follower system:  
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The error dynamics are determined as follows: 
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Therefore 
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In order to control the system to the unstable equilibrium 

point [0 0 0]
T
, we have to determine the correction which 

will be applied to the current state of the system. For this 

purpose, we determine the control input u(t) defined by (7). 
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The controlled system is given by: 
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The controlled system is described by 
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V. NUMERICAL SIMULATION RESULTS 

In the following simulations, the numerical values for the 

satellite as found in [17] have been used. 3,8 −== yx σσ  

and 3=zσ . 

The perturbing torques: 
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The initial states of the Leader and the Follower satellite are 

specified as:  

 

(x1(0), x2(0), x3(0))
T
=(3,4.1,2)

T 
; 

(y1(0),y2(0),y3(0))
T
=(5,2,4)

T
. 

 

The simulation results are shown in Figs. 1 and 2 under the 

proposed predictive synchronization of two satellites via a 

single controller. Fig. 1 shows the time responses of state 

variables of the satellites attitude. The synchronization errors 

are shown in Fig. 2. From the simulation results, it shows that 

the attitude trajectory of the Follower track the attitude of the 

leader, on the other hand the attitude of the leader converge to 

the equilibrium point. The time responses of synchronization 

errors also converge to zero quickly. This means that, the 

proposed predictive control works well and the Leader and 

Follower satellites are indeed achieving synchronization.  
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(a) 

 

 

(b) 

 

 

(c) 

Fig. 1 State variables of the satellites Leader and Follower systems: 

(a) wx1/wx2, (b) wy1/wy2,wz1/wz2 

 

 

(a) 

 

 

(b) 

 

 

(c) 

Fig. 2 Synchronization errors of the satellites systems: (a) e1, (b) e2, 

(c) e3 

VI. CONCLUSION 

In this paper, a feedback predictive controller has been 

proposed to ensure the synchronization between the Leader 

and the Follower satellite attitude systems. A scheme for 

feedback predictive synchronization of the two satellites 

attitude systems was developed and the results were validated 
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by simulation. It was shown that the perfect synchronization 

of the two systems was realized, and trajectory of error 

converges to zero. 

REFERENCES  

[1] L.L. Show, J.C.Juang, and Y.W. Jan. An LMI-Based Nonlinear Attitude 

Control Approach. IEEE Transactions on Control Systems Technology, 

vol. 11, no. 1, January 2003. 
[2] P. Guan, X.J. Liu, and J.Z. Liu. Flexible Satellite Attitude Control Via 

Sliding Mode Technique. Proceedings of the 44th IEEE Conference on 

Decision and Control, and the European Control Conference 2005 
Seville, Spain, December 12-15, 2005. 

[3] J.H. McDuffie, Y. B. Shtessel. A De-coupled Sliding Mode Controller 

and Observer for Satellite Attitude Control. Proceedings of the American 
Control Conference Albuquerque, New Mexico June 1997. 

[4] B. B. Goeree and E. D. Fasse. Sliding Mode Attitude Control of a Small 

Satellite for Ground Tracking Maneuvers. Proceedings of the American 
Control Conference Chicago, Illinois June 2000. 

[5] W. MacKunis, K. Dupree, S. Bhasin, W. E. Dixon. Adaptive Neural 

Network Satellite Attitude Control in the Presence of Inertia and CMG 
Actuator Uncertainties. 2008 American Control Conference Westin 

Seattle Hotel, Seattle, Washington, USA June 11-13, 2008. 
[6] A.K. Bondhus, K.Y. Pettersen and J. T. Gravdahl. Leader/Follower 

synchronization of satellite attitude without angular velocity 

measurements Proceedings of the 44th IEEE Conference on Decision 

and Control, and the European Control Conference 2005.Seville, Spain, 
December 12-15, 2005  

[7] Alban P.M. Tsui, Antonia J. Jones. The control of higher dimensional 

chaos: comparative results for the chaotic satellite attitude control 
problem. PhysicaD 135 (2000) 41–62. 

[8] Djaouida Sadaoui, Nadjim Merabtine, Malek Benslama. Satellite attitude 

control by quaternion. Fourth International Multi-Conference on 
Systems, Signals & Devices. March 19-22, 2007, Hammamet Tunisia.  

[9] S. DI GENNARO.Output Stabilization of Flexible Spacecraft with 

Active V ibration Suppression. IEEE Transactions on Aerospace and 
Electronic Systems vol. 39, no. 3 July 2003.  

[10] Ling-yun Kong'"2, Feng-qi Zhoul, Jun Zou I The control of chaotic 

attitude motion of a perturbed spacecraft Proceedings of the 25th 
Chinese Control Conference 7-11 August, 2006, Harbin, Heilongjiang 

[11] H. Bang, H. D. Choi .Attitude Control of a Bias Momentum Satellite 

Using Moment of Inertia IEEE Transactions on Aerospace and 
Electronic Systems vol. 38, no. 1 January 2002. 

[12] M. R. Akella.Rigid body attitude tracking without angular velocity 

feedback. Systems & Control Letters 42 (2001) 321–326 
[13] T. Ushio, Shigeru Yamamoto. Prediction-based control of chaos. Physics 

Letters A 264_1999.30–35. 
[14] A.Boukabou, A. Chebbah,N. Mansouri. Predictive control of continuous 

chaotic systems. International Journal of Bifurcation and Chaos, Vol. 18, 

No. 2 (2008) 587–592. 
[15] Jinlu Kuang, A.Y.T. Leung, Soonhie Tan. Hamiltonian and chaotic 

attitude dynamics of an orbiting gyrostat satellite under gravity-gradient 

torques. Physica D 186 (2003) 1–19. 
[16] Djaouida Sadaoui, Abdelkrim Boukabou, Nadjim Merabtine and Malek 

Benslama. Predictive synchronization of chaotic satellites systems. 

Expert Systems with Applications 38 (2011) 9041–9045. 
[17] L.y.Kong,F.q.Zhoul,J. Zou.The control of chaotic attitude motion of a 

perturbed spacecraft.Proceedings of the 25th Chinese Control 

Conference.7-11 August, 2006, Harbin, Heilongjiang. 


