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Development of satellite-ground ionospheric total electron content (TEC) observation

instruments and methods
#Mamoru Yamamoto”, Susumu Saito?
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This paper gives an overview of the development status of the observation instruments and methods of ionospheric
total electron content (TEC) by using radio wave propagation from satellites to the ground. The radio wave propagation
in plasma shows higher phase velocity and lower group velocity than those in the vacuume. Since the amount of such
velocity variation is inversely proportional to the square of the frequency, TEC can be obtained by measuring the phase
variation of dual-band radio wave propagation or the propagation velocity of the modulated wave. We have developed
a digital receiver that receives radio waves from a dual-frequency beacon satellite. The observations were carried out
by using dual-band beacon from satellites and the GNU Radio Beacon Receiver (GRBR) that supports frequencies of
150MHz and 400MHz. We have also developed a new digital receiver GRBR-2 which measures the new beacon signal
(401MHz/966MHz) from FORMOSAT-7/COSMIC-2 satellites launched in 2019. Observations with GRBR-2 have
already been continued in Indonesia, Thailand, Vietnam, etc. since September 2019. On the other hand, recently, TEC
observations using GNSS (Global Navigation Satellite System, satellite positioning, that is, a general term for GPS and
similar systems) have been widely implemented. The deployment of GNSS satellites by the United States, China, Russia,
and the EU is progressing, while the price of receivers is dropping dramatically. The price of a dual-fr equency receiver
dropped down to 20,000-30,000 yen. This situation helps development of multiple-points measurement of the
ionospheric TEC. We are now developing a TEC observation system with a receiver board using FOP (a dual frequency
GNSS consultation chip developed by Ublox). In the lecture we will discuss the current status of instrument
development and observations.
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