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Abstract
This paper presents a novel rigid-body spacecraft navigation and control architecture within the
framework of special Euclidean group SE(3) and its tangent bundle TSE(3) while considering stochastic
processes in the system. The proposed framework combines the orbit-attitude motions of the spacecraft
into a single, compact set. The stochastic state �lter is designed based on the unscented Kalman �lter
which uses a special retraction function to encode the sigma points onto the manifold. The navigation
system is then integrated to an almost globally asymptotically stabilizing Morse-Lyapunov-based control
system with backstepping. Numerical simulations are conducted to demonstrate the effectiveness of the
proposed navigation �lter for the full state estimation. In addition, the navigation and control system is
tested in the nonlinear gravity �eld of a small celestial body with an irregular shape. In particular, the
performance of the closed-loop system is studied in a tracking problem of spacecraft motion near the
asteroid Bennu based on the OSIRIS-REx's mission data.
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Figure 1

Local vertical local horizontal (LVLH) and bodycentered inertial (BCI) reference frames representation.
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Figure 2

Attitude and position RMSE as a function of sample period, initial condition inaccuracies and
measurement noise standard deviations.
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Figure 3

Measured (grey), estimated (black), and ideal (red) states.

Figure 4



Page 6/9

Measured (grey), estimated (black), and ideal (red) states.

Figure 5

SBF orientation, and spacecraft attitude and trajectory around Bennu in BCI frame obtained via the
implementation of the navigation and control systems.
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Figure 6

Norm of the difference between the estimated states and reference states
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Figure 7

State estimation error components between the estimated states and the ideal noise-free states.



Page 9/9

Figure 8

Control inputs in terms of force and moment provided by the tracking controller


