
76th International Astronautical Congress 2025

IAF ASTRODYNAMICS SYMPOSIUM (C1)
Guidance, Navigation and Control (2) (4)

Author: Mr. Keito Otsubo
Tokyo Institute of Technology, Japan

Dr. Toshihiro Chujo
Tokyo Institute of Technology, Japan

Dr. Hiroki Nakanishi
Tokyo Institute of Technology, Japan

INVESTIGATION INTO THE APPLICATION OF VARIABLE-SHAPE AERODYNAMIC RELATIVE
ORBIT CONTROL FOR EARTH STEREO OBSERVATION

Abstract

Distributed space systems using multiple satellites have gained significant attention due to the reduced
costs of small satellite systems. A key technology in these systems is relative orbit control, which ensures
precise coordination between satellites. Aerodynamic control methods have been proposed as a low-
resource approach to relative orbit control. However, traditional methods relying on attitude changes for
aerodynamic control present a challenge: they interfere with mission operations, such as Earth observation.

To address this issue, this paper explores the application of Variable Shape Aerodynamic Relative
Orbit Control (VSAROC), a method that avoids attitude changes. VSAROC uses aerodynamic control
paddles attached to the satellite to achieve relative orbit control, enabling the simultaneous execution
of orbit control and mission observations—something that traditional methods cannot achieve. This
approach offers the potential for decentralized space system operation with lower resource requirements.

In this study, we focus on Earth stereo observation using two satellites as an application example of
VSAROC. Specifically, we investigate the feasibility of observing large-scale natural phenomena, such as
cumulonimbus clouds (at approximately 10 km altitude) and auroras (at altitudes between 100 km and
300 km). To examine the extent to which VSAROC can adapt to stereo observation from low Earth orbit,
we evaluate whether it can maintain the required baseline length and configuration and transition to an
observation-optimal orbit.

Since the range of aerodynamic forces that can be controlled by VSAROC varies depending on its
attitude, there is a challenge that the required control force may not be generated for certain attitudes.
Therefore, we investigate the attitude range required to achieve successful mission observations. The
configuration assumed for the two satellites in this system involves two symmetrical aerodynamic control
paddles, each with an identical two-wing shape, mounted symmetrically.

The guidance and control law consists of three steps: setting target orbital elements with relative
orbital elements, calculating target control acceleration using orbital elements feedback, and determining
paddle angle adjustments. In particular, the determination of paddle angle employs a low-computational-
cost algorithm that can be processed by an onboard computer using a lookup table. Numerical simulations
will be conducted for each observation target, considering both in-plane and out-of-plane stereo observa-
tions. The verification process is divided into two phases: reconfiguration, which will be evaluated based
on formation time, and maintaining, which will focus on control accuracy.
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