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Abstract : Accurate estimation of the tire-road friction coefficient (TRFC) is critical for vehicle stability control. However,
conventional Kalman filters face a trade-off between tracking abrupt changes and maintaining stability during low excitation,
while data-driven methods often lack generalization. Hence, this paper conducted a comparative analysis between an
improved model-based approach, the transient adaptive strong Tracking Kalman filter (TASTKF), and a data-driven approach
using gated recurrent units (GRUs) to address these challenges. Specifically, TASTKF was implemented to resolve the
covariance convergence issues of standard filters, while the GRU model captured non-linear tire dynamics. The researchers
evaluated and compared the tracking performance and robustness of both approaches under varying driving conditions,
providing insights into their performance characteristics and practical applicability.
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Fig. 1 Vehicle dynamics model
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Circling maneuver test (varying /)
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Fig. 5 Evaluation of estimation algorithms on circling maneuver
under varying friction coefficient
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Table 2 Comparison of steady-state convergence time and
error in circular motion experiments with constant
friction coefficient: under ID and OOD conditions
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