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Autonomous orientation for LEO spacecraft using
multi-FOV star tracker
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(School of Instrumental Science and Opto-electronics Engineering, Beihang University, Beijing 100191, China)

Abstract: The traditional methods for spacecraft autonomous navigation need several sensors, such as star
sensor, infrared horizon sensor and magnetometer, to collect navigation data. As a result the load of
spacecraft will gain in weight, size and power. Based on the advantages of multi-field of view (FOV)
star tracker, an autonomous navigation method was proposed which used multi-FOV star tracker (MFST)
to image the star and the earth respectively and got the orientation vectors of them. Combining with the
orbit parameters of the spacecraft and the layout of the MFST, a mathematic model of the earth imaging
was set up to implement the earth edge images in every single FOV. The Steger method was used to
determine the earth edge in the images. Considering the earth oblateness, the orientation vector of the
earth will be obtained through circle -fitting the earth edge points in each FOV. With the configuration
that one FOV measures the navigation star and the other two FOV measures the earth edge, the
autonomous orientation based on the starlight angle is simulated and the result indicates that the accuracy
of the earth vector and the spacecraft position respectively reaches 0.017 2°(1¢) and 190 m(1o),
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Tab.1 Results using two methods to fit earth
vector in different numbers of FOV

1FOV  2FOVs 3FOVs
Errgr of e_arTh vector using 00493 0.0184 0.0114
circle fitting/ (°) (10)
E f h i
rror of earth vector using 05760 0.0172 0.0109

ellipse fitting / (°) (10)
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Tab.2 Simulation results of directly sensing

horizon navigation

1 FOV 2 FOVs
Position error /km(1c) 0.386 0.190
Velocity error /(m/s)(1o) 0.642 0.154
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