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Abstract

Many satellites currently measure ionosphere density in low Earth orbit (LEO), yet this information remains
insufficient to create a global three-dimensional ionosphere map. Because the ionosphere constantly fluctuates
on a global scale, to improve and validate existing ionosphere models, simultaneous measurement of the elec-
tron density at the global scale is necessary. To measure the total electron content (TEC) and have higher spatial
and temporal resolution, higher accuracy, and a lower cost than the Global Navigation Satellite System (GNSS),
the current study proposes a CubeSat constellation equipped with a UHF inter-satellite ranging payload. With
1,000 satellites on different orbital planes in LEO, we can achieve a horizontal spatial resolution of 20 km and a
temporal resolution of 15 min. The electron density distribution can be known by solving the inverse problem
from many observations provided by the constellation.

The first pathfinder satellite, SPATIUM-I, was released from the International Space Station (ISS) on Octo-
ber 6, 2018. SPATIUM-I will validate the Chip-Scale Atomic Clock (CSAC), a commercial off-the-shelf
(COTS) atomic clock, and other key technologies in orbit. The project was jointly developed by the Kyushu In-
stitute of Technology in Japan and Nanyang Technological University in Singapore. This paper will provide an
overview of the SPATIUM-I mission and its satellite system.
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