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In order to perform various missions in space, including planetary exploration, estimating the position of a
satellite in orbit is a very important factor because it is directly related to the success rate of mission
performance. As a study for autonomous satellite navigation, this study estimated the satellite’s attitude
and real time orbital position using a star sensor algorithm with two star trackers and earth sensor. To
implement the star sensor algorithm, a simulator was constructed and the position error of the satellite
estimated through the technique presented in the paper was analyzed. Due to lens distortion and errors in
the center point finding algorithm, the average attitude estimation error was at the level of 2.6 rad in the roll
direction. And the position error was confirmed by attitude error, so average error in altitude direction was
516 m. It is expected that the proposed satellite attitude and position estimation technique will contribute

to analyzing star sensor performance and improving position estimation accuracy.
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Fig. 1. Flowchart of star tracker simulator.

Table 1. Catalog occupancy percentage by apparent magnitude

Apparent magnitude 1.5 3.5 5.0 55 6.0 7.0 8.0

Catalog occupancy percentage

(%)

0.029 0.350 1.969 3.447 6.09715.832 23.676
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Fig. 2. Star image converted to grayscale acquired with CCD camera. CCD, charge—coupled device.

Fig. 3. Binarization result for star image.

Fig. 4. Threshold processing result for star image.
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Fig. 5. Flowchart of grid algorithm.
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Fig. 6. Star tracker CCD screen defined in body axis. Az, azimuth; DEC, declination; CCD,

charge—coupled device.

Fig. 7. Star tracker CCD screen defined in ECI axis. CCD, charge—coupled device; ECI, earth

centered inertial.
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Fig. 10. Result of satellite position calculation on the ECI coordinate axis. ECI, earth centered

inertial.

Table 2. Error analysis for result of satellite attitude estimation (unit: deg)

Roll Pitch Yaw
Error mean value 0.0458 0.0153 0.0224
Error standard deviation 0.0210 0.0302 0.008

Table 3. Error analysis for result of satellite position estimation (unit: m)

X % z
Error mean value 325.1 265.7 516.2
Error standard deviation 27.73 18.19 14.43
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