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Abstract

Attitude control system (ACS) plays a significant role in the success of a space

mission. Attitude accuracy, convergence time to the desired attitude, robustness

against the inertia uncertainty and external disturbances, and required control

input to accomplish the target attitude are the performance criteria to evaluate

the ACS efficacy.

Sliding mode control, a robust control method, has been investigated greatly

for the attitude control of a spacecraft. However, chattering and asymptotic con-

vergence are the limitations for this method. In last two decades, sliding mode

control concept has been equipped with new techniques like terminal sliding mode

control, integral sliding mode control, and higher order sliding mode control. These

techniques are more efficient compared to the standard sliding mode control.

The objective of this thesis is to present three-axes control methods for the

attitude control of a rigid spacecraft. The attitude control method should ensure

high attitude accuracy, fast convergence speed, robustness against uncertainty

and disturbances, and limited control energy use. To represent the attitude, an

efficient attitude parameter of quaternion is adopted.

To achieve the control objectives, advanced techniques of sliding mode control

are applied. In the first contribution, a finite time convergent continuous time

attitude controller is presented. In this approach, a new fast terminal sliding

surface is proposed and a finite time stable attitude control law is derived. In

the next contribution, a non-singular fast terminal sliding surface is proposed and

then equivalent control and a reaching law control are comprised to present a finite

time fast converging attitude control law. Then, to eliminate the need for upper

bound of uncertainty and external disturbances an adaptive gain based attitude

control law is proposed. The presented control law is operating on a non-singular

fast terminal sliding surface and controller gains are estimated using adaptive

laws. Furthermore, higher-order sliding mode based attitude control methods are

v



developed to eliminate chattering and enhance robustness. In this, first a second-

order sliding mode based attitude controller is formulated in fast terminal sliding

mode and chattering is eliminated. Then, higher order sliding mode control laws

are developed in integral sliding mode and finite time convergence, chattering

elimination, and global robustness are guaranteed.
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