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Abstract

This paper proposes a novel adaptive filter, termed the Range/Bearing-Rescaled, Anisotropic-Q EKF (R2-AEKF), which enhances
the conventional constant-acceleration-based Extended Kalman Filter (EKF-CA). The proposed method integrates channel-wise
measurement noise rescaling based on innovation statistics with maneuver-aware anisotropic process-noise shaping aligned with the
velocity direction of the target. This design allows the filter to retain the computational simplicity and efficiency of EKF-CA under
nominal conditions, while significantly improving robustness in scenarios involving abrupt maneuvers or time-varying noise statistics.
Simulation studies are conducted using two representative scenarios: a zigzag trajectory with axial bursts and a complex maneuver
including S-curves, slow-and-go decelerations, and jerks. The results demonstrate that the R2-AEKF consistently reduces position errors
and tracking delays, prevents track loss, and shortens recovery time compared with the EKF-CA. Furthermore, the evolution of the
adaptation scale parameters confirms that the internal logic mechanism operates as intended, thus substantiating the observed performance
gains. These findings verify that the R2-AEKF provides reliable and stable tracking across diverse maneuvering environments.
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Table 1. Comparison of EKF-CA and proposed R2-AEKEF.
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[Conventional]

R2-AEKF

Category [Proposed]

Anisotropic shaping

Fixed, derived from
based on maneuver
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Q identical for x/y axes indicator (a'x1a1 v
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Channel-wise adaptive
Measurement | Fixed variances for rescaling (innovation
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L Stable in nominal . ..
Estimation . nominal conditions,
conditions, degraded .
property more robust during
under abrupt maneuvers .
rapid turn or bursts
. Slightly increased (scale
Com;:: 1(1)t:ttlona1 Low adaptation overhead),

still real-time feasible
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Suitable Straight flight, smooth jerk, varying, noise
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Fig. 5. Comparative performance metrics (RMSE, track-loss,
recovery) between EKF-CA and R2-AEKF in scena-
rios 1 and 2.
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Table 2. Summary of analysis scenario.

Seenario EKF-CA R2-AEKF
(conventional) (proposed)
RMSE (m) 139.439 132.114
Peak error (m) 555.127 488.312
1 NEES (avg) 107.233 104.816
Track-loss time (s) 94.4 102.4
Recovery time (s) 32 4.8
RMSE (m) 148.706 121.257
Peak error (m) 665.608 546.364
2 NEES (avg) 27.192 24.799
Track-loss time (s) 53.6 53.8
Recovery time (s) 4.0 4.8
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