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Abstract: To address the limitations of existing differentiable Kalman filter (DKF) methods, which commonly rely on re-
current neural-network architectures and therefore suffer from limited long-range memory, difficulty in simultaneously
suppressing long-term sensor bias drift and transient measurement shocks, and degraded state-estimation stability under
prolonged GPS outages in complex urban environments, this paper proposes a dual-scale gated Mamba-CNN differen-
tiable Kalman filter (DSG-MC DKF) for fusion localization. The proposed method removes the explicit control-input
term from the prediction equation and feeds IMU sequences, measurement innovations, and outage masks into a dual-
scale Mamba-CNN network for data-driven gain prediction, thereby reducing the direct reliance on externally computed
frame-rotation results and precisely specified kinematic models. Moreover, an explicit outage-mask gating mechanism is
introduced, and a dual-scale parallel architecture consisting of Mamba and 1D-CNN branches is developed to decouple
long-term bias compensation from high-frequency noise suppression. Experimental results show that, compared with the
conventional GRU-based DKF, the proposed model improves localization robustness and accuracy while reducing single-
step inference latency by approximately 80%. Furthermore, during a complete GPS outage lasting up to 10 s, the pro-
posed model can still effectively preserve the kinematic and topological consistency of the vehicle trajectory.
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