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Spacecraft of recent years tend to use light weight and fordable/deployable structures to realize large
structure in the limitation of launch capacity. The trend leads to complexity of  spacecraft’s dynamic
behavior and affect to reliability and performance because available telemetry which is needed to
operate also has a limitation in most cases. It is necessary to improve a method of real-time condition
evaluation to develop the advance spacecraft.

This thesis aims to propose a method to estimate dynamic behavior of flexible spacecraft based on
limited telemetry data generated by operating spacecraft in real time.

Here author propose a dynamics estimation method named “Real-time Operation-based Dynamics
Estimation (RODE)”. The method mainly consists of online dynamics simulator, generator of a virtual
telemetry and model tuning method. These methods are capable of estimating dynamic behaviors of
flexible spacecraft more accurately in real-time compared with conventional estimation methods.

To evaluate practicality of the proposed methods, three cases of spacecraft (thermal snap occurred
on an earth observation satellite’s solar array paddle, contact dynamics between ISS’s robotic arm and
ISS supplier, running of transformable robotic explorer on a loose surface) are picked and examined
with new remote operating system using a RODE method. By means of ground experiment facility,
operation data and engineering test model, verification experiments were conducted to evaluate
whether real-time property and estimation accuracy reach an enough level to use in real space mission.
Then, feasibility of the proposed operation systems are confirmed its usefulness.

Additionally, RODE method is applied to the Model Predictive Control method which is capable of
controlling large-delayed system and has a problem in applying to flexible spacecraft. With
RODE-MPC system, vibration suppression control to solar array paddle and running control to
transformable robotic explorer are realized in condition of virtual communication time-delay.

These results prove a proposed method’s capability to estimate a flexible spacecraft’s dynamics

behavior in real-time.
(310 words)
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