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ABSTRACT 

To suppress increase in population of space debris, it is necessary to improve the success rate of Post Mission 

Disposal (PMD) in future missions, but at the same time, Active Debris Removal (ADR) is also important. ADR has 

many technical points in common with the so-called End-Of-Life (EOL) service, which is one of the means to 

improve the success rate of PMD. Therefore, it can be said that the realization of low-cost ADR would contribute to 

an effective PMD technology development. JAXA is conducting research and development aimed at an ADR 

mission that removes rocket upper stages from crowded orbits. The upper stage is a so-called non-cooperative target 

and, in addition, very heavy. Therefore, to realize the mission, several technical challenges must be overcome from 

the viewpoint of Guidance Navigation and Control (GNC). JAXA is studying GNC systems, which incorporate 

some new technical ideas, to overcome these difficult issues and realize the ADR at low cost. 

These difficult issues can be roughly divided into two: "How to deal with freely moving targets" and "How to deal 

with the weight of targets". The assumed ADR mission consists of a series of sequences from rendezvous to reentry, 

as shown in Figure 1.  

To deal with the free moving target, the angular velocity of the target is reduced to a captureable range by thruster 

plume impingement, and the target attitude is stabilized by utilizing gravity gradient torque. 

On the other hand, to deal with the heavy weight of the target, first, atmospheric drag is fully used to lower the 

orbital altitude in addition to electric propulsion. The second is to utilize gravity gradient and atmospheric drag 

torque for attitude control of the heavy target. And the last is controlled reentry with minimum thrust and ΔV. These 

ideas are combined into a single GNC system to achieve capture, attitude stabilization, and descent of heavy targets 

by a small and low-cost spacecraft. 

In this paper, the ideas of GNC technologies for solving the two difficult issues above are described, and further, the 

GNC system to which they are applied is explained. In addition, the results of numerical simulation of attitude and 

orbit control are shown, and the findings obtained from them are discussed. 
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Fig.1. GNC operation concept of the ADR mission 
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