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In this paper, we construct a nonlinear Extended State Observer (ESO) to estimate the dynamics of linear 
or nonlinear systems with parameter uncertainties and unknown external disturbances. We then apply 
ESO to the high-precision attitude control of a flexible satellite whose dynamics are unknown. Simulation 
results demonstrate the usefulness of the proposed control method. 
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1. INTRODUCTION 

Space structures, such as space robots, spacecrafts, and satellites, are likely to play an increasingly 
important role in space missions. Indeed, a large number of satellites are currently orbiting the earth. 

Unlike ground-based structures for industrial use, space structures must be very lightweight, and 
thus tend to be very flexible. The flexibility of the structures causes elastic vibration, which in turn 
brings about problems in modeling and control design [6]. 

For a long time, linear and nonlinear control techniques have been developed for control of space 
structures [1, 6, 9]. In particular, the implementation of such control laws require the knowledge 
of the entire dynamics of the systems. Meanwhile, there has been some interests in working on 
the modeling and identification of the flexible space structures. Modi et al. studied the dynamics 
of the space station-based mobile servicing system using the Lagrangian approach [8]. In another 
experiment, Japan's National Space Development Agency (NASDA) carried out several in-orbit 
identification experiments in order to obtain the exact parameters for the model of their Engineering 
Test Satellite (ETS-VI) [3J. 

In this paper, we are interested in designing a controller for high-precision attitude control of 
a flexible space structure whose dynamics are unknown. The main idea is to consider the unknown 
dynamics of the flexible space structure including oscillation characteristics, as a new state variable, 
and to use an Extended State Observer (ESO) to estimate the new state variable for feedforward 
compensation. The advantages of the proposed control algorithm are twofold: 

• No knowledge of the system dynamics is required in the implementation of the control law, since 
it can estimate the system's unknown dynamics, 

• The derived control algorithm is simple, allowing us to easily implement it . 
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Fig. 5, causing the I-PD to give a poor performance since the nominal values (Oi, WOi of the plant 
are far from their real values (i, Wi. The results are shown in Fig. 7, and the corresponding design 
parameters Qi, /3i are shown in Table 3. We can obviously see that Fig. 7(a)- (d) shows almost 
the same results regardless to the variation of the design parameters . In fact, a simulation with 
/31 = 103, /32 = 104, /33 = 105 was also conducted and the result remained unchanged. This fact 
allows us to easily choose the design parameters with relatively little effort. 

Table 3. ESO design parameters for Fig. 7(a}-(d} 

Parameter Value 
Fig. 7(a) Fig. 7(b) Fig. 7(c) Fig.7(d) 

01= 0.9 0.8 0.9 1.0 
02 = 0.6 0.7 0.5 0.9 
03 = 0.3 0.6 0.2 0.8 
{31 = 10 20 10 20 
{32 = 20 40 20 40 
(33 = 30 70 30 70 

5. CONCLUDING REMARKS 

This paper has been concerned with high-precision attitude control of a flexible space structure, 
where the dynamic model of the flexible space structure is represented as a second order nonlinear 
differential equation. The physical parameters involved in the dynamic model considered in this 
paper are not necessarily known. 

By viewing the unknown dynamics as a new state and by constructing an ESO, we are able to 
estimate online the unknown dynamics for feedforward compensation. This allows us to accurately 
control the flexible space structure without knowing the physical parameters, so that in-orbit iden
tification experiments to find the exact parameters are not neccessary. The stability of the ESO is 
theoritically proved in the case when Qi = 1. 

Simulation results show the effectiveness of the ESO's feedforward compensation even though 
the real parameters are not known, and moreover, the ESO also shows a satisfactory disturbance 
attenuation characteristic. In addition, since the ESO control law is not complicated, it is easy to 
implement, and also does not require large scale memory or a high speed CPU. 
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