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Abstract: Ship attitude measurement accuracy based on star sensors is relative to the calibration accuracy of the
installation angle between star sensor and ship desk. This paper introduces the coordinate system of the shipboard
star sensor and the definition of installation angle. Then, it establishes a model to correct the atmospheric
refraction of the sensor and proposes a calibration method for installation angle of the high accuracy shipboard star
sensor. When the space TT&Cship docks in shipyard, shipboard theodolite determines the course of the ship by
shooting the azimuth mark, and star sensor obtains the ascension and declination of the stars in the field of view by
star recognition to construct the star reference vectors with respect to inertial space. After correction of precession,
nutation, pole shift and ship position, the star reference vectors with respect to Inertial Navigation System(INS)
horizontal coordinate system are obtained. According to the atmospheric refraction correction model, each star in
the field of view corrects its pitch angle and reconstructs its star reference vector with respect to INS horizontal
coordinate system. Finally, star sensor installation matrix is calculated based on the principle of attitude

determination algorithm, and then three installation angles are solved. Experiment results show that the calibration
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accuracy of azimuth and pitch using proposed method reach less than 10”. The proposed method is based on the

higher pointing accuracy of the star sensor and improves automatic programming and measuring accuracy of ship

attitudes.
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Fig. 1 Installation shematic of shipboard star sensor
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Fig. 2 Coordinate system of shipboard star sensor
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Fig. 3 Coordinate transformation
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Fig. 4 Atmospheric refraction correction for shipboard star
sensor
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Fig. 5 Calibration experiment of installation angle for
shipboard star sensor
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Tab. 1 Parameters of shipboard star sensor

4, 4,
FOV 8°x8° 8°x8°
Pixel number 1 024x1 024 1024x1 024
Focal length/mm 94.938 94.948

Main point/pixel  (512.556, 497.985) (508.235, 460.915)
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Fig. 6 Calibration results of installation angle for shipboard star sensor 4;
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Tab. 2 Statistical results of shipboard star sensor 4,

Parameter Azimuth Pitch Roll
Mean/(°) 185.109 3 39.373 4 -0.226 2
Std/(") 9.1835 58931 63.552
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Fig. 7 Ship attitude error measurement based on star sensor 4;
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Tab. 3 Statistical results of shipboard star sensor 4,

Parameter Azimuth Pitch Roll
Mean/(°) 274.9246 35.1031 0.0789
Std/(") 6.0629 3.1015 54.622
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Fig. 8 Ship attitude error measurement based on star sensor 4,
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