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In this article, a robust fault-tolerant controller based on artificial neural
networks is introduced for attitude regulation of a nonlinear spacecraft
system under system dynamic uncertainties, measurement noise, external
disturbances, and actuator faults. Using neural networks, the spacecraft's
nonlinear dynamics are approximated and incorporated into the
development of the robust control scheme. The proposed method offers
enhanced reliability, precise trajectory tracking, minimal tracking error,
rapid convergence, robustness, and consistent control performance
despite dynamic uncertainties, actuator malfunctions, and external
perturbations. Neural network weights are adapted and updated to ensure
that the Lyapunov function’s derivative remains negative, thereby
guaranteeing closed-loop system stability. The controller’s performance
is assessed under multiple actuator fault scenarios and benchmarked
against alternative control strategies.
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Table 2. The information about the spacecraft system.

Parameter Value Description unit
R 0.45 Radial Arm Thruster m
L 0.4 X-Axis Arm Thruster m
M 350 mass kg
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Table 3. The information about the PWPF modulation filter.

Parameter Value
Kpw 4.2
o 0.64
Upn 0.65
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Fig. 6. Attitude tracking diagrams of a rigid spacecraft for the following axes: (a) ¢ axis, (b) 6 axis, (¢) y axis, with the MFFTC
controller in the absence of noise, disturbances, system dynamic uncertainties, and actuator faults.
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Fig. 7. Attitude tracking error diagram of the MFFTC controller in the absence of noise, disturbances, system dynamic uncertainties,
and actuator faults.
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Table 4. Performance assessment of controllers across different
fault scenarios.

Fault I
: Controller ITAE NOTT | consumption
scenario

(k)
PD 1816 1058 1.053

NFTSMC 414.8 2235 2.4

First

ASMC 261.8 1611 15

MFFTC 79.8 2142 2.21

PD 317.63 1401 1.4

NFTSMC 453.5 1559 2.57

Second

ASMC 273.6 1360 1.45

MFFTC 130.66 1432 2.37

PD 558.6 397 1.04

NFTSMC 1248.9 1051 2.6

Third

ASMC 810.9 455 1.56

MFFTC 276.06 638 2.44
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Fig. 10. Angular velocity diagram for a rigid spacecraft.
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Fig. 11. Attitude tracking diagrams of a rigid spacecraft for the following axes: (a) ¢ axis, (b) 0 axis, (¢) v axis, with the MFFTC
controller in the presence of noise, disturbances, dynamic uncertainties, and the occurrence of a first fault scenario.
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Fig. 12. Attitude tracking diagrams of a rigid spacecraft for the following axes: (a) ¢ axis, (b) 0 axis, (¢) y axis, with the MFFTC
controller in the presence of noise, disturbances, dynamic uncertainties, and the occurrence of a second fault scenario.
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Fig. 13. Attitude tracking diagrams of a rigid spacecraft for the following axes: (a) ¢ axis, (b) 0 axis, (¢) v axis, with the MFFTC
controller in the presence of noise, disturbances, dynamic uncertainties, and the occurrence of a third fault scenario.
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Fig. 16. Comparative rising time of various controllers under
the fault scenario.
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Fig. 17. The force produced by spacecraft thrusters for the
purpose of attitude control within the spacecraft system.
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Fig. 15. Graph illustrating the absolute logarithmic tracking
error for various controllers in the first fault scenario.
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Fig. 18. The attitude tracking performance of various controllers under the first actuator fault scenario in the axes: (a) ¢
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Fig. 19. The attitude tracking performance of various controllers under the second actuator fault scenario in the axes:
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Fig. 20. The attitude tracking performance of various controllers under the third actuator fault scenario in the axes: (a) ¢
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