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ABSTRACT

Low Earth Orbit Positioning, Navigation, and Timing (LEO-PNT) systems offer higher signal strength and faster convergence
time over Medium Earth Orbit (MEO) Global Navigation Satellite System (GNSS). However, uncertainties in orbit
determination persist due to orbital perturbations. Conventional Receiver Autonomous Integrity Monitoring (RAIM)-based
Fault Detection and Exclusion (FDE) approaches suffer from a structural limitation where faulty satellite exclusion reduces
navigation availability. Furthermore, in severely occluded environments such as urban canyons, fault-induced Geometric
Dilution of Precision (GDOP) spikes can effectively suspend navigation services. This makes it difficult to meet the operational
requirements of high-reliability applications such as autonomous driving and Urban Air Mobility (UAM). To overcome
these limitations, this paper presents a conceptual study on ground station Phased Array Antenna (PAA)-based active fault
remediation to enhance the availability and resilience of LEO-PNT systems. The proposed architecture consists of four core
functions: spatiotemporal consistency assurance via digital beamforming-based PAA, real-time bias correction and transfer
based on the nominal satellite constellation, precise state estimation combining an Extended Kalman Filter (EKF) with an
orbital dynamics model and warm start mechanism, and an active feedback loop with correction data uplink within one second.
Through a worst-case geometric scenario analysis, the proposed architecture confirms the feasibility of maintaining satellite
geometry and enhancing positioning precision through resilient recovery, without excluding faulty satellites, even in critical
environments where conventional FDE approaches render the service unavailable. This study proposes a conceptual design
for ground station-centric active integrity management, and a quantitative performance validation is planned in subsequent
research.
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Fig. 1. Concept of operations for the proposed architecture.
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Fig. 3. Geodesic dome phased array antenna (Ahn et al. 2010).
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Fig. 5. Geometric integration of multi-satellite observations.
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Table 1. Qualitative comparison of fault mitigation strategy in LEO-PNT system.

Operational characteristics Conventional architecture Proposed architecture Remark
Fault identification capability |Required 6 satellites Less dependent Leveraging precise ground coordinate
Availability Effectively unavailable Effectively available Maximizing system availability
Recovery latency Non-real-time (minutes or more) |1 second (target value) Ensuring system resilience
Geometric stability Substantial degradation of GDOP |Maintaining stable nominal geometry |Continuity of navigation precision
Final positioning error Service unavailable Service available -
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