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ON-ORBIT DEMONSTRATION OF MULTI-POINT EARTH OBSERVATION ENABLED BY
VARIABLE-SHAPE ATTITUDE CONTROL WITH GROUND POINTING ESTIMATION DURING

RAPID MANEUVERS ON THE MICROSATELLITE HIBARI

Abstract

Satellite Earth observation imagery is widely used in fields such as disaster response and urban plan-
ning, and observation opportunities are being expanded through attitude maneuvers and the deployment
of small-satellite constellations. An agile attitude maneuver for retargeting observation targets enables
satellites to observe numerous targets distributed over a large area during a single pass, and we refer to
these types of Earth observations as multi-point observations. Enabling such operations on microsatellites
would allow satellite constellations to select observation targets more flexibly.

We aim to realize multi-point observations on microsatellites by applying variable shape attitude con-
trol (VSAC). VSAC enables microsatellites to conduct agile, large-angle attitude maneuvers with low
energy consumption by changing the shape and mass distribution properties of the satellite. The 50-kg-
class microsatellite HIBARI is equipped with four actuated paddles and has successfully demonstrated
the technical feasibility of VSAC on orbit. Notably, our prior study demonstrated sequential attitude
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maneuvers for multi-point observations, specifically focusing on relative attitude control for retargeting
observation targets. However, in those prior on-orbit experiments, HIBARI’s telephoto camera was con-
tinuously used for star imaging rather than ground imaging for dynamic attitude determination, and the
actual ground-pointing location during the maneuvers was therefore not directly verified on orbit.

We develop a pointing location determination method based on ground imagery and conduct extended
on-orbit demonstration experiments of multi-point observations using continuous high-frame-rate ground
imaging, including observations of planned ground targets. Feedforward attitude control is conducted by
paddle actuation along with pre-calculated reference angles. The pointing location is estimated offline
from downlinked Earth images using reference data, such as Earth observation imagery acquired by other
satellites. This estimation considers both orbital dynamics and the attitude dynamics of VSAC to improve
accuracy. Based on this framework, we evaluate the ground-pointing performance during sequential agile
attitude maneuvers in terms of both absolute and dynamic accuracy.

The major contributions of this presentation are as follows. First, the pointing-location estimation
method based on Earth observation imagery is extended to agile attitude maneuvers and evaluated on
orbit. This method builds on our prior project on attitude estimation using a low-cost Earth camera and
deep learning. Second, the on-orbit experimental flow for dynamic attitude maneuvers using continuous
Earth imaging, together with lessons learned, is reported. Third, we present a quantitative on-orbit
evaluation of the pointing accuracy and agility achieved in multi-point observations using VSAC.
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