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ABSTRACT

This paper pertains to the design of attitude control system actuated with reaction wheels for low Earth
orbit CubeSat. The control system is implemented based on sliding mode approach, in which two
control modes are proposed: sign mode and smooth mode. The smooth function is utilized to reject
chattering effect and prevent torque saturation for reaction wheels. An evaluation study has been
conducted to see, if the investigated control modes provide a benefit in performance and convergence

behavior under the presence of external disturbances.
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1 Introduction

Cube-Satellites (CubeSats) are a category of research spacecraft called nanosatellites that are often utilized
for low Earth orbit applications. Many CubeSats missions have been designed recently for technological
demonstration, astronomical research, or aerospace education projects [1]. The mission requirements and
system restrictions must be considered when using attitude control systems for small satellites.
Concurrently, many control approaches have been implemented to stabilize the attitude of rigid body, such
as Quadrotor and spacecrafts, one of them is Sliding Mode Control [2], [3], which is a nonlinear control
method that is developed to effectively account for parameter uncertainty and the presence of unmodeled
dynamics. However, standard sliding mode controller might cause high-frequency oscillations in the input
command signal leading to severe consequences. This phenomenon, known as chattering, is a well-known
issue that can occur in sliding mode control. Thus, this problem can be solved by applying an approximated
smoother function in the standard sliding mode control rule.

In this paper the possibility of using a sliding mode control approach is examined in order to stabilize a 3U
CubeSat, with a specific focus on the elimination of the chattering effect. The attitude controller presented
in this study is implemented based on sign and smooth modes. A performance analysis is conducted to

determine whether it can effectively eliminate the chattering effect and stabilize a 3U CubeSat attitude.
2 Mathematical Dynamic Model

The attitude dynamic equations of a CubeSat can in general be expressed in the following form [4].
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where I is the satellite inertia matrix, @ = [wy, Wy, W] Tis the angular velocity of the satellite, u, is the
control torque, Uy is the total disturbance torque, w? is the otbital angular rate of the satellite, 2 is the
otbit rate vector, A(q) is the attitude transformation matrix and q;; is the skew-symmetric mattix of q,, .

3 Sliding Mode Controller for Attitude Control

In this work, sliding mode controller based on two different modes is developed to select the suitable one

for controlling the attitude of the CubeSat. The general sliding mode control law is designed as
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such that

s=w’+pqye ©)
where § is the sliding mode surface, Gy, is the three components vector error, Sgn and sth denote the sign
and smooth functions, respectively, p, kg;gn and kgp, are positive constant gains.
4  Simulation and Results

Figure 1 presents the obtained time responses of Euler angle control errors for sign and smooth sliding
mode controllers. The designed controller successfully converges to the required attitude using the two
suggested modes. Applying the smooth function in the control rule reduces the chattering effect and allows

the system to achieve the desired reference attitude accurately with a lower energy consumption.
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Figure 1: Response curves comparison for Euler angle control errors.
5 Conclusion
In this paper, a sliding mode control approach has been implemented based on sign and smooth modes for
addressing the rigid CubeSat attitude control problem. The simulation results show that when the smooth

function is adopted, the output of the system exhibits a considerable reduction in chattering effect leading

to the good stability performance with respect to the attitude control accuracy.
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