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Dynamic sound source tracking method based on adaptive Kalman filtering

Liu Hao',Li Wenguo®,Xu Ming”, Wang Chen”,Xi Xugang'
(1. Institute of Intelligent Control and Robotics ,Hangzhou Dianzi University, Hangzhou 310018, China;
2. Hangzhou Qidian Sensing Technology Co., Lid., Hangzhou 310009, China)

Abstract ; Addressing the challenge of achieving high-precision tracking for low-altitude unmanned aerial vehicle (UAV) trajectories in
complex environments, this paper proposes a residual-driven adaptive Kalman filter ( RD-AKF ) method based on a distributed
microphone array. Within this framework, acoustic source observations are acquired through two complementary algorithms of different
dimensions: a geometry-based triangulation method that provides directional constraints, and a frequency-domain phase compensation
beamforming( FD-PCB) algorithm that captures energy spatial distribution characteristics. These physically complementary observations
are integrated as joint measurements into a unified Kalman filtering framework. To mitigate the limitations of fixed-parameter models in
handling abrupt noise from dynamic targets and to improve tracking accuracy, the method incorporates a residual-driven adaptive
mechanism into the Kalman filter. This mechanism computes the prediction residuals of each observation channel in real-time and
dynamically adjusts the measurement noise covariance matrix based on their statistical properties, thereby optimizing data weighting for
the joint estimation of the acoustic source’s position and velocity. Comparative experiments were conducted in an indoor environment by
tracking the same low-altitude UAV flight trajectory, comparing the proposed method against standalone baseline intersection, FD-PCB
localization, and standard Kalman filtering with fixed covariance matrices. The results show that the Kalman-fused approach reduces the
root mean square error( RMSE) by at least 24. 3% compared to individual algorithms. With the residual-driven adaptation, the RD-AKF
further reduces the RMSE by 18. 5% and the maximum positioning error by 15. 6% compared to the standard Kalman filter, achieving
significantly improved tracking accuracy and stability while maintaining reasonable computational cost. The proposed method provides a
high-precision and robust solution for dynamic acoustic source tracking in complex scenarios.
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Fig. 1 Diagram of baseline intersection geometry
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Table 1 Statistical summary of data errors (m)
itk SR LGB B RRICHEES RMSE X fh MAE Y %l MAE Z §fh MAE RORERICEERY  BRICEE B ArifE 22
RD-AKF 0. 053 0. 066 0.022 0.038 0.017 0.173 0. 039
KF 0. 067 0. 081 0. 030 0. 044 0.023 0. 205 0. 046
B2 0. 089 0. 107 0. 041 0.057 0.033 0.383 0. 060
FD-PCB 0.116 0.134 0. 058 0. 062 0. 054 0.377 0. 066
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Table 2 Running-time statistics of the algorithm

Rk PAWFFER/ms
FD-PCB 28.5
FEL AR 3.8
KF 29.6
RD-AKF 29.8
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Fig. 16  Comparison of two localization results and the

ground truth trajector(SNR=15 dB)
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Table 3 Statistic of data errors(SNR=15 dB) (m)

41 7k FRRECHER  BRICHEES RMSE XM MAE  YHIMAE — ZIMAE  RORBEREGHEES  BRECEEESHRE
RD-AKF 0.075 0. 088 0. 026 0. 055 0. 028 0. 292 0. 046
: KF 0. 087 0. 101 0. 028 0. 064 0. 033 0.413 0. 051
RD-AKF 0.076 0. 089 0. 026 0. 055 0. 029 0.269 0. 046
2 KF 0. 089 0. 103 0. 028 0. 066 0. 034 0.410 0. 052
RD-AKF 0. 061 0.072 0. 021 0. 045 0. 024 0. 247 0. 038
’ KF 0. 086 0. 103 0. 027 0. 064 0. 032 0. 486 0. 055
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