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Underwater target ranging technique based on nonstationary
frequency-azimuth measurements

HOU Xianghao', ZHENG Jiarui', GU Xinyu'*, YANG Yixin'
(1. School of Marine Science and Technology, Northwestern Polytechnical University, Xi’an 710072, China; 2. Hangzhou Applied
Acoustics Research Institution, Hangzhou 310023, China)

Abstract; To address the challenges of nonstationary measurement noise and unknown statistical characteristics in
underwater environments, a measurement anomaly detection and correction mechanism that integrates motion varia-
tion constraints with adaptive noise estimation was developed. Given that autonomous underwater vehicles are char-
acterized by low-speed navigation, a motion model was constructed and a dynamic thresholding strategy based on
innovation analysis was introduced to enable real-time identification and correction of abrupt measurement anoma-
lies. The Sage-Husa algorithm was also incorporated to enhance the adaptability of the filter to environments with
unknown noise statistics, allowing online adjustment of the measurement noise under dynamic conditions. Both sim-
ulation and experimental results demonstrate that the proposed method achieves a 13. 16% reduction in ranging error
compared to the traditional approach, indicating enhanced robustness and adaptability undernon-stationary measure-
ment noise conditions.

Keywords : underwater vehicle ; target tracking; measurement anomaly correction; motion variation constraints; ex-

tended Kalman filtering; adaptive; robustness; ranging accuracy; dynamic threshold detection; unknown noise
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