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Real-time measurement streams from GNSS are becoming a reality with the advancements in technology. Currently, 

IGS and many regional networks provide real-time data streams. To explore the possible use of these streams, (near) 

real-time ionosphere modeling has been the focus of research in recent years. Reliable and accurate algorithms are 

required in order to use the data streams or derived short RINEX patches to deliver accurate real-time or near real-time 

(NRT) products such as global ionospheric Vertical Total Electron Content (VTEC). 

 

Although there are NRT regional or global ionosphere models available from several institutions such as DLR or 

NOAA (US-TEC), the NRT ionosphere models are still under development as the computation of reliable maps of the 

VTEC is a great challenge, mainly at the global scale because of the uneven data distribution. Additionally, occasional 

loss of real-time data streams from some stations should also be handled properly. Recently, at DGFI, a global VTEC 

model was developed based on trigonometric and polynomial B-spline expansions related to longitude, latitude, and 

time in an Earth-fixed geocentric coordinate system. The corresponding series coefficients of the model are estimated 

from the combination of different observation techniques such as GNSS, COSMIC/FORMOSAT#3 and radar altimetry. 

It has been showed that the B-spline based global VTEC modeling approach delivers better results than the Spherical 

Harmonics based models in the case of large data gaps. Furthermore, a multi-scale representation of the ionosphere can 

be introduced to have higher resolution for some regions with denser data distribution. 

 

A NRT B-spline based global VTEC modeling approach which is driven by the International Reference Ionosphere 

(IRI) is developed in this study. The electron content of the ionosphere is represented by a series of B-spline 

coefficients which are recursively estimated inside a Kalman filter in near real-time. The time evolution of the electron 

content is modeled in support of IRI and the ionospheric state is updated by assimilating global ionospheric 

observables. Historical ground-based GNSS measurements (from hourly or 15min RINEX files) are used to test, tune 

and validate the performance of the estimation process. Moreover, the results are compared with global VTEC maps 

provided by IGS. 


