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Development of thermospheric data assimilation system and linkage with spacecraft
orbit analysis tool
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As the background of the satellite constellation plan by private companies in low earth orbit environment and the problem of
increasing space debris in recent years, JAXA aims to improve the accuracy of spacecraft’s orbit prediction in low earth orbit
environment. Since a spacecratft in a low earth orbit receives drag from the atmosphere (atmospheric drag) which exists slightl
in low earth orbit environment, it is important to improve the accuracy of atmospheric drag prediction in order to improve the
accuracy of spacecraft’s orbit prediction in low earth orbit environment. In order to predict atmospheric drag, information on
five factors is required: the mass of the spacecraft, the relative velocity, the cross-sectional area, the drag coefficient, and tt
atmospheric density. However, there is uncertainty in each factor, and in the field of space flight dynamics, the uncertainty ir
atmospheric density is considered to be particularly large.

Observation is important for improving the accuracy of atmospheric density in low earth orbit environments. Indeed, many of
the currently proposed atmospheric density models are developed from observation. In order to improve the accuracy of atmc
spheric density models, it will be necessary to expand observation. However, the methods of observation are limited, and only
few (sparse) observation is currently available.

JAXA is focusing on data assimilation that realizes state estimation based on sparse observation information and model in
formation, and is aiming to develop an atmospheric density estimation system for low earth orbit environments using date
assimilation. We call this system SUBARU (SUper ensemble BAsed Reanalysis for Upper Atmosphere). In SUBARU, the time-
averaged atmospheric density on the satellite trajectory is used as the observation information, and 3 atmospheric density modt
(NRLMSISEOQO, Jacchia-Bowman 2008, and GAIA models) are currently available as the model information.

Similar works for estimating low earth orbit atmospheric density is being developed primarily in the United States. As far as
we know, there is a research activity called IMPACT at Los Alamos National Laboratory and a system called Dragster at NOAA,
UCAR, etc. One of the features of our SUBARU is that it uses a GAIA model that can take into account ionospheric variations
that is closely related to atmospheric density variations in low earth orbit environments. The GAIA model is a coupled physics
model between the thermosphere and the ionosphere, and is being developed by NICT, Kyushu University, and Seikei Universit
in Japan. We expect that using this GAIA model for data assimilation will enable more accurate estimation and prediction of
atmospheric density.

In this presentation, | would like to show the current development status of SUBARU and share the current status of develop
ment of a spacecraft trajectory analysis tool using SUBARU, which is currently under development.
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