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Active sonar tracking based on bearing filter and
converted measurement
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(1. School of Information Engineering and Automation, Kunming University of Science and Technology, Kunming 650504, China;

2. School of Environmental Science and Engineering, Southern University of Science and Technology, Shenzhen 518055, China)

Abstract; Aiming to address the intricate nonlinear relationship and the disparity in degrees of freedom between
Doppler measurements and target motion states in active sonar tracking, this study proposes a tracking method based
on bearing filtering and four-variable converted measurement. Initially, a linear structure bearing filter is engi-
neered to amalgamate bearing measurements and state predictions employing the minimum variance criterion, pro-
ducing high-precision bearing rate pseudomeasurements. Secondly, the integration of the original sonar measure-
ments (range, bearing, and radial velocity) with the bearing rate pseudomeasurements results in the construction of
a four-dimensional augmented measurement vector. A four-variable Doppler conversion measurement method is pro-
posed to unbiasedly convert polar coordinate measurements into Cartesian coordinates, addressing the issue of insuf-
ficient degrees of freedom. Linear Kalman filtering is employed to facilitate state updates, establishing an interac-
tive dual-filter structure for bearing and motion states in Cartesian coordinates. The simulation results indicate that,
in comparison with existing algorithms, during slow maneuvers or target turning, the proposed method achieves
higher estimation accuracy and consistency, effectively reducing nonlinear approximation errors and enhancing the
utilization of Doppler information. The proposed methodology establishes a novel framework for ensuring both the
unbiasedness of measurement conversion and the precision of covariance estimation, demonstrating considerable po-
tential for practical applications.

Keywords : active sonar tracking; Doppler measurement; bearing filter; measurement conversion; Kalman filter;

interactive dual-filter structure ; bearing rate pseudo-measurements; Doppler frequency shift
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