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Abstract

The first Ethiopian remote sensing satellite (ETRSS-1), has been an enlightening experience for the
Ethiopian space program and satellite technology development in our country. In this research work,
satellite’s nonlinear model carried out based on quaternion representation to avoid some probable singu-
larities and complexities. In terms of actuator, reaction wheels are considered to provide the required
torque for controlling the satellite’s accurate critical orientation, solve the satellite’s deviation from the
desired orientation to eliminate the possibility of communication failure between satellite uplink and
downlink transmission. The more robust and nonlinear control approach, which is a PID-based sliding
mode technique combined with fuzzy controller has designed. So as to figure out parameters of the de-
signed controller, particle swarm optimization (PSO) is presented. A well-known fundamental drawback
of sliding mode controller is presence of high-frequency oscillation on the actuating signal, can have sig-
nificant consequences, such as excitation possibility of unmodeled dynamics, resulting in loss the control
accuracy and increased heat dissipation in power circuits. So that, fuzzy logic is employed to smooth
the hitting control for guaranteeing the actuator failure and saving the control energy. Next, the perfor-
mance of the system has been analyzed in terms of set point tracking (steady state error is minimum)
and disturbance rejection with the stability of the system. The proposed controller tolerates 50 percent
inertial variation while gravity gradient torque considering as system disturbance. Finally, it has been
done using MATLAB-SIMULINK software to simulate the satellite model and demonstrate the developed
controller’s performance.
Index Terms: - Attitude control system, Fuzzy Controller, Lyapunov Stability, Sliding Mode Controller,
Particle Swarm Optimization.
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