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In this talk we present original method for global ionospheric total electron content (TEC) mapping and global electron content (GEC) estimation based on a phase-difference approach to the analysis of phase measurements of GNSS signals at a pair of coherent frequencies on a distributed network of ground-based receivers of the global IGS network. The proposed approach uses the representation of the ionosphere as two thin layers with the TEC distribution in each layer given by a truncated expansion into a series of spherical harmonics (SH) in the Sun-synchronous coordinate system. The expansion coefficients are determined by the least squares technique with positivity constraints applied for both model layers, which is implemented by solving the corresponding linear complementarity problem. GEC estimation is made based on the zero SH coefficients for each layer. The proposed method does not require estimation of the differential code biases of both satellites and receivers, which makes it possible to combine data from various GNSS, such as GPS, GLONASS, and Galileo. Moreover  multi-layer approach provides unique opportunity to combine various types of TEC data, for example from GNSS and GIRO ionosondes, within single algorithm. 

We present open source pythonic implementation of proposed algorithm and discuss various types of possible configurations and parameter selections which include for example preliminary selection of stations, possibility to use both single and dual thin shell models with arbitrary selection of shell heights and degrees and orders of spherical harmonics expansion, three types of coordinate systems (geographic, geomagnetic and MODIP), ionospheric variability constraints, time step for the reconstructed model, etc.

The algorithm and corresponding software is being actively developed, recent version is publicly available via GitHub (https://github.com/PadArt/mosgim2/) and we invite the community to test it and use it in your research. This work was supported by Russian Science Foundation (project 23-17-00157)
