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Abstract: The installation error of the star sensor was one of the main factors restricting the accuracy of
SINS/CNS navigation. It was necessary to calibrate it before use, especially the NFOV star sensor could not
obtain the attitude information from a star map. This paper proposed a fast and high-precision calibration method
for SINS/CNS integrated navigation system. The attitude and velocity output by the inertial navigation and the
vector information measured by the star sensor were used to construct quantity measurements. A Kalman filter
model was established to realize the ground calibration of installation error and inertial device constant error.
Through global observability analysis, the observability of the system under different carrier attitudes and star
points was given and verified. The simulation results show that the carrier needs to rotate in at least two axes and
observe stars three times, and the star point should not be located at the star sensing measurement origin, so as to
estimate the three-axis installation error of the star sensor with high precision. For a FLOV star sensor, part of the

carrier attitude is not conducive to improve the observability of the system. The estimation accuracy of carrier
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attitude and star-sensitive installation errors is within 0.5” and the constant errors of gyro and accelerometer are
less than 0.000 7(°)/h and 0.3 pg, respectively. This method can achieve high-precision calibration without

sophisticated external equipment and manual reference. It has certain significance for the stargazing scheme

design of SINS/CNS integrated navigation system.

Key words: star sensor;
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Tab.1 Error parameter settings

Error states Group 1 Group 4 Group 5

Initial misalignment angles/(°) (0.01 0.01 0.05)
Gyro bias/(°)-h™! 0.01 0.003 0.01

Angular random walk coefficient/(°)-h™  0.005  0.0005  0.005

Accelerometer bias /g 50 50 50
Speed random walk coefficient /ug- /s 10 10 10
Star sensor accuracy/(")(30) 3 3 15

Installation error/(") (101020)
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Fig.2 (a) x-axis installation error estimation curve; (b) y-axis installation
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Fig.3 (a) x-axis gyro constant drift estimation curve; (b) y-axis gyro
constant drift estimation curve; (c) z-axis gyro constant drift

estimation curve
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Tab.2 Statistical characteristic quantities of state quantity estimation residuals
Group Feature amount a /(") a, /(") a /(") &/(°)h™! &/(°)h ! &/(°)'h™! V./ug Vy/ug V./ug
Mean -0.27 0.23 —0.28 -0.0001 —0.0003 0.0002 0.25 0.22 0.11
1
Standard deviation 0.45 0.30 0.51 0.0014 0.0014 0.0018 0.28 0.83 0.21
Mean 0.35 0.39 0.37 —0.0006 0.0005 —0.0006 0.26 —-0.23 0.16
2
Standard deviation 0.63 0.73 0.75 0.0015 0.0017 0.002 1 0.28 0.88 0.25
Mean 0.32 0.49 -193.5 —0.0010 —0.0009 —0.0013 0.30 -0.14 0.25
3
Standard deviation 0.53 0.91 216.5 0.0024 0.0016 0.0038 0.29 0.68 0.47
Mean 0.17 0.21 —-0.31 —0.0005 —0.0002 —0.0004 0.15 —-0.16 -0.12
4
Standard deviation 0.43 0.32 0.49 0.0017 0.0024 0.0016 0.34 0.56 0.23
Mean 0.58 0.65 —-0.52 —0.0002 0.0004 —0.0005 0.17 0.18 0.17
5
Standard deviation 0.72 1.21 1.13 0.0012 0.0009 0.0025 0.33 0.50 0.20
Mean 6.36 6.61 1.75
6
Standard deviation 8.86 7.65 2.84
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