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Development of low-cost TEC observation system of using multiple GNSS constel-

lations
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The ionosphere is located at about 100 to 1000 km altitudes. It is part of the atmosphere that is partially ionized. The elec-
tron density is fluctuated owing to the perturbations from the lower atmosphere and/or the solar activity. Depending on the
distribution of electrons, the ionosphere causes reflection and absorption of medium- and short-wavelength radio waves, and
cause delay of propagation at very high and ultra high frequency radio waves. Severe fluctuations of the ionospheric density
can cause positioning failures by the Global Navigation Satellite System (GNSS) such as GPS, or other satellite-to-ground
communications. They also cause problems short-wave radio communication as it depends on the reflection of the radio wave
by the ionosphere. In order to avoid obstacles of those, it is necessary to observe and analyze the electron density in the
ionosphere and build a highly accurate prediction model.

The electoron density is observed by analyzing the total electron content (TEC) that the radio waves passed from the satel-
lite to the receiver. However, GNSS modules that can receive two-frequency signals are required for the measurement of
the TEC. Such GNSS modules used to be very expensive (about a few millions of Japanese Yen). In recent years, on the
other hand, an inexpensive, but multi-channel GNSS module appeared in the market at about tens of thousands of yen for the
purpose of high-accuracy positioning.

In this presentation, we report the accuracy of this inexpensive module (u-blox F9P module) in TEC observation. However,
the accuracy of TEC obtained by the module has not been well evaluated. Since the internal structure is not disclosed, we
evaluated the accuracy by conducting actual observations. We compared the results with those from the GEONET receivers
operated by the Geospatial Information Authority of Japan. In actual TEC observation, we developed a system to estimate
TEC from the observation data. In order to highly accurate data, we have implemented a function that removes low elevation
angle data, which is greatly affected by multipath error, and detects or corrects cycle slips.

In GPS, the estimation error of phase TEC was 5.7 TECU or less. Since the FOP module supports multiple GNSS constel-
lations, we collect similar results with different GNSS constellations, i.e., QZSS, GLONASS, Galileo, Beidou, etc.
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