Reconstruction of 2D Medium-Scale Ionospheric Structures via GNSS Phase Measurements
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This study addresses the reconstruction of the ionospheric electron density distribution above Murmansk, utilizing Total Electron Content (TEC) derived from GNSS phase measurements. Within a spherical ionospheric framework, the vertical electron concentration is modeled by a Gaussian function coupled with a polynomial; the latter represents a two-dimensional Taylor series expansion in terms of angular coordinates relative to the observation point. These angles are defined by the Earth's radius and the satellite's projection onto the respective meridian and parallel planes. To solve for the unknown coefficients of the third-degree polynomial, ten simultaneous TEC values from multiple satellites are required. To account for phase ambiguity, pseudorange data are incorporated into the processing. Given that noise in the TEC data can degrade reconstruction accuracy, we employ Singular Value Decomposition (SVD) as a robust alternative to direct inversion methods. Finally, the resilience of the proposed solution against noise is validated through a Monte Carlo analysis.

