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Satellite attitude control plays a vital role in ensuring accurate orientation and
maintaining system stability, directly affecting essential operations such as
communication, remote sensing, and scientific observation. This paper addresses
the complex challenge of attitude stabilization by incorporating the effects of
orbital perturbations, particularly zonal harmonics and atmospheric drag-
environmental disturbances commonly encountered in low Earth orbit (LEO)
that significantly degrade control precision and navigation reliability when
unaccounted for. To mitigate these issues, a novel feedback controller based on
the state-dependent Riccati equation (SDRE) framework, implemented using a
feedforward neural network, is proposed. The neural network is trained to
emulate the performance of a conventional SDRE controller by accurately
estimating the co-state vector, a critical element of the SDRE control
formulation. This eliminates the need to repeatedly solve the Riccati equation in
real time, thereby substantially reducing computational demands. Extensive
simulation results demonstrate that the proposed controller reliably maintains
satellite attitude stability and accuracy under highly perturbed orbital conditions.
Moreover, the improved computational efficiency makes it suitable for real-time
onboard implementation. Overall, the proposed method offers a significant
advancement in satellite control technology by enhancing robustness, reducing
computational load, and improving real-time performance, thereby supporting
more reliable and efficient space mission operations in dynamic orbital
environments. These results highlight the method’s strong potential to transform
real-time satellite control and accelerate advancements in modern space
exploration.
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Fig. 1. Schematic of the reference orbital frame employed to
extract hybrid orbital elements.
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Converting the nonlinear dvnamic system
into its state-space representation.

x(t) = f(x(2)) + g(x(t), u(t), )

h 4

Rewriting the state-space model in a state-
dependent parameterization framework.
x(t) = A(x(t), t)x(t) + B(x(t), u(t), t)u(t)

A4
Selection of the weighting matrix Q(x(t), t) and R(x(t),t) for
performance criteria.

1=3([ % 00,020 + 0" OG0, Do) ) o

h A

Solving the state-dependent riccati equation and \

creation of the riccati gain.

k(x(t),u(t),t)

h 4

Computing the system error dynamics with respect to
the nominal state.

x—xg = A(x(t), t)x(t) + B(x(t), u(t), t)u(t) —xq4

A

Generation of the control input.
u(t) = —R~(x(t))B" (x(t), u(t), t)2

h 4

Updating the system state variables.
&(t) = A(x(t), )x(t) + B(x(), u(t), thu(t)

SDRE 55 020,68l oy & laglé =¥ S
Fig. 2. Stepwise flowchart of the SDRE control algorithm.
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Fig. 3. Detailed view of a feedforward neural network with 3
neurons and one hidden layer.
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Fig. 4. Block Diagram of the Proposed Attitude Control
Algorithm.
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Fig. 5. Schematic view of the neural network used for co-state
vector prediction.
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Fig. 6. The mean squared error (MSE) diagram during the
training, validation, and testing process.
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Table 1. Initial conditions for orbital elements and satellite
attittude parameters.

Parameter | Magnitud | Parameter | Magnitud
S e S e
01 0.30 [1]a 7978
o, -0.40 [deg]i 55
O3 0.30 [---]e 0.1
[rad/s]w, 0.05 [deg]w 30
[rad/s]w,, -0.10 [deg]é 20
[rad/s]w, 0.20 [deg]Q 5

o)lgale Cgllas Cundy (sl el )y ¥ Jogua

Table 2. Desired conditions for satellite attittude parameters.

Parameters Magnitude
014 0.5
024 0.2
O34 0

Wyq [rad/s] 0.00

w,,q [radss] 0.00

W54 [rad/s] 0.00

1. Levenberg-Marquardt
2. Mean Squared Error (MSE)
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Fig. 8. Variation of hybrid orbital elements during the period of
applying the SDRE-based feedback neural network controller
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Fig. 9. Variations of modified Rodrigues parameters after
applying the SDRE-based feedback neural network controller.
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Fig. 10. Variations of angular velocity after applying the SDRE-
based feedback neural network controller.
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