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Ballistic missile SINS/CNS integrated navigation method
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3. Beijing Aerospace Automatic Control Institute, Beijing 100854, China;

4. School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Considering that traditional strap-down inertial/celestial integrated navigation system ( SINS/
CNS) cannot accurately estimate the accelerometer bias, which can cause the divergence of navigation errors,
a strap-down inertial/celestial integrated navigation method based on the stellar refraction (SINS/RCNS) was
proposed. The starlight refraction angle obtained from the stellar sensor and the apparent height obtained from
atmospheric refraction model were combined to inhibit the divergence of position error. A novel measurement
equation based on stellar refraction was developed and the relationship between the number of used refraction
stars and navigation accuracy was analyzed. When multiple refraction stars are used, the proposed method can
accurately estimate the accelerometer bias so that the position errors can be inhibited completely, and its ob-
servability was analyzed. The estimation of the state of system was realized through the Kalman filter. The sim-
ulation results indicate that the precision of navigation based on the proposed method is better than that of the
traditional method and inhibits the divergence of the position error effectively, which shows the validation of
the proposed method.

Keywords ; starlight refraction; apparent height; atmospheric refraction model; navigation error; Kalman

filter
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Abstract: For the problem of particles degeneration and lack of diversity in standard interacting multiple
model particle filter (IMMPF) algorithm, a novel algorithm is presented, which is referred to as interacting
multiple model particle filter optimization resampling (IMMPFOR) algorithm using linear optimization method
in each model to improve the small-weight particles. The novelty of this algorithm lies in replacing the small-
weight particles with new particles after the measurement information is received. New particles contain not on-
ly the information of the particles in the current model, but also the information of the particles in interacting
models. The tracking simulation results show that the posterior probability density function of each model with
newly generated set of particles accurately approximates the real state posterior probability density function,
and the estimation accuracy of IMMPFOR is higher than the standard IMMPF algorithm.
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