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Introduction
Mitigation measures such as break-up prevention and end-
of-mission de-orbit may not be enough to preserve space 

i t b f t l lli i b t i tienvironment because of mutual collisions between existing
debris.

Active Debris Removal (ADR) as soon as possible is 
needed.

To realize ADR
Technological feasibilityTechnological feasibility
Reasonable cost
International cooperation

will be needed.
Effective number of objects predicted by LEODEEM
©K h U i it i ll b ti ith JAXA©Kyushu University in collaboration with JAXA

Strategy for Active Debris Removal
Target orbits for removal 

S d d i i tSome crowded regions exist
SSO (98-100deg) 
82-83deg : 900-1000km82 83deg : 900 1000km
74-75deg, 83deg, 52deg

: 1500km
700-1500 km

900-1000 km 1350-1600 km

This document is provided by JAXA.
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Strategy for Active Debris Removal

1st step: Micro-Remover”
a piggyback satellite toa piggyback satellite to
dispose of one debris object

2nd step: A dedicated debris 
removal satellite, which ,
carries several EDT 
packages and rendezvous 
with debris in crowded 
orbits to attach an EDT 
package for de orbitpackage for de-orbit

Table 1 Specifications of the MSDR

This document is provided by JAXA.
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ETS-VII Flight Demonstration on 1998-1999

Autonomous Rendezvous/Docking experiments and
autonomous target capture experiments have beenautonomous target capture experiments have been
conducted successfully on the ETS-VII satellites for the case
of a handle equipped to facilitate grasping by a robot arm.

Visual feedback control and force control function were
applied to the robot arm And they worked very goodapplied to the robot arm. And they worked very good.

Robot ArmRobot Arm

Target S/C
Chaser S/C

This document is provided by JAXA.
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Rendezvous sequence with a debris
Rendezvous sequence with a space debris object

q

Rendezvous with the target by using GPS-receiver Star-tracker andRendezvous with the target by using GPS receiver, Star tracker and
Laser-Range-Finder  (IR-CCD-type)

Fly around the target, and make a final approach to capture it

Rendezvous with debris using star tracker navigation.

Capturing of a debris

Capture is an essential process for the retrieval of large

Debris capture by a robot arm

p g

Capture is an essential process for the retrieval of large
space debris objects by other spacecraft. 

It is common for large debris objects to tumble, due to 
angular momentum that remained in their attitude control 

fsystems when failure occurred. 

For example the ADEOS is tumblingFor example, the ADEOS is tumbling
in rotating rate around 0.3deg/sec.

(c)FGAN

This document is provided by JAXA.
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Capturing of a debrisp g

Strategy for capturing of a debrisgy p g

This document is provided by JAXA.
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Strategy for capturing of a debris
Tapping and rubbing of a target’s surface are best for 

slowing its rotation if the SMM retrieval mission is taken 

gy p g

g
into consideration.

“B h t t ” b t d ff t i it bl“Brush-contactor”, a robot arm end-effecter , is suitable
for braking of tumbling of a debris because of its elasticity 
and good fitness for object formand good fitness for object form.

A prototype of a “brush-contactor” made of PTF fibers is p yp
shown in the following figure.

A prototype of a “brush-contactor”

Dynamical simulation of debris de-rotationy

Initial Rotation
Rate = 30deg/s

Remover

Debris Spacecraft

S.Nishi

This document is provided by JAXA.
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Dynamical simulation of debris de-rotation
Dynamical simulation results of target rotation braking by tapping 
with brush contactor

y

Arm-Tip force

5 N

B h ti f i ti
0.33deg/s

Brush tip friction Rotation rate

Dynamical simulation of debris de-rotationy

This document is provided by JAXA.
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Strategy for capturing of a debris

(1) The chaser observes the target’s attitude and motion via
Scenario for target capture

gy p g

(1) The chaser observes the target s attitude and motion via
stereo vision sensing and begins tracking of a point to be
grasped.g p

(2) The target is grasped by the robot arm. Impact loads due
t t diff / iti t th ti f tto rate difference/position gap at the time of capture are 
relieved by means of arm force/torque control.

(3) De-rotation of the target and the chaser is( ) g
done using RCS of the remover.

Strategy for capturing of a debrisgy p g

This document is provided by JAXA.
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Strategy for capturing of a debris

As a control system of a robot arm to buffer and braking

Debris capture by a robot arm

gy p g

As a control system of a robot arm to buffer and braking
residual motions of space debris at the time of capture, joint
virtual depth control and joint mechanism with torque sensorvirtual depth control and joint mechanism with torque sensor
have been developed. 

Test bedTest bed

New joint mechanism & torque sensor 

Experiments on Test-Bed
Composition of the test-bed with 6DOF-floated rotating target

p

This document is provided by JAXA.
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Experiments on Test-Bed
Configuration

p

Experiments on Test-Bedp
Testing Results

Rotating floated target was slowed down by 
brush tapping without  excitation of nutation

Rotation rate of target

This document is provided by JAXA.
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Conclusion

Thank you for your attention

This document is provided by JAXA.




