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Space debris observation and operation
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The growth in the number of space debris increases the risk of collision of man-made objects with space debris
around the Earth. The development of Space Situational Awareness (SSA) has become important for the stable
use and long-term sustainability of space activities. In addition, the cooperation with the other organizations is
also important for the SSA because the space debris problem is a worldwide issue.

The JAXA SSA system consists of the radar observation facility (Kamisaibara SpaceGuard Center: KSGC),
the optical telescope observation facility (Bisei SpaceGuard Center: BSGC), and the analysis system
conducting the orbit determination and prediction, conjunction assessment and analysis, planning of
observations, maintenance of the catalogue containing orbital information of objects, and so on. Using this
system, we perform the observation of objects in orbits, conjunction assessment and analysis, collision
avoidance maneuver planning for JAXA satellites, re-entry prediction of large size space debris, and detection
of uncatalogued objects. In this paper, we present the space debris observation and operation using the JAXA
SSA system. We also discuss the issue of the current JAXA SSA system and touch on the development plan of
the next JAXA SSA system.

This document is provided by JAXA.
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ABSTRACT

* The growth in the number of space debris
>
>

>

The risk of collision of man—made objects increases.

The development of Space Situational Awareness (SSA) has become important for the stable
use and long—term sustainability of space activities.

In addition, the cooperation with the other organizations is also important for the SSA
because the space debris problem is a worldwide issue.

* The JAXA SSA system consists of

>
>

>

the radar observation facility (Kamisaibara SpaceGuard Center: KSGC),
the optical telescope observation facility (Bisei SpaceGuard Center: BSGC)

the analysis system

* Using this system, we perform

>
>

YV V VY

observation of objects in orbits

conjunction assessment and analysis

collision avoidance maneuver planning for JAXA satellites
re—entry prediction of large size space debris

detection of uncatalogued objects.

* In this paper, we present the outline of the space debris observation and
operation using the JAXA SSA system.

* We also discuss the issue of the current JAXA SSA system and touch on the
development plan of the next JAXA SSA system.

This document is provided by JAXA.
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INTRODUCTION: Space debris problem

Growth in number of space debris
Monthly Number of Objects in Earth Orbit by Object Type
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INTRODUCTION: Space debris problem
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INTRODUCTION: Space debris problem

Crowed orbit/altitde
Altitude-Size Distribution (as of 2015-12-02) (isted in Space Track)
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What is Space Situational Awareness?

Scope of our system
AN
7 I
Active Artificial space
satellites debris

* Detect
* Track
Magnet . Iden.tlfy :
* Conjunction assessment
sphere o
¢ Prediction

¢ Collision Avoidance
e etc--

D

Solar activity

[ Space weather }

Space Situational Awareness
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STCC/JAXA’ s activities on the

(Space Tracking and Communications Center)

space debris problem
O 5 e

. A 50cm telescope completed

g A 1m telescope completed
E optical observation BSGC optical observation
2 « Conceptual A 1m telescope
5 Research gl o CCD replacement
o e Space debris KSGC radar observation
E observation EEISYVENIYY Next
A e Conceptual SSA
© design for system

KSGC/BSGC e
£ A Debris Orbit—Analysis Test System(DOANATS)
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= A space Debris Orbit Analysis and
" .
8 Y e A . Research System(DOARS) starts running
'S using NASDA Orbit Calculation A Unified Flight Dynamics
< System(NOCS) System(uFDS) starts running
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Overview of the current system

Collision
avoidance

Observation system
» Radar (LEO)

» Optical telescopes (mainly for GEO) Space debris
Analysis system Detect

» Observation planning uncorrelated object | _.,
» Orbit determination, prediction gg ------ >

> Conjunction assessment

> Collision avoidance maneuver
planning

> etc...

Collision
avoidance

Re—-entry prediction of
large size object

The 7th space debris workshop
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Optical observation facility:
Bisei Space Guard Center(BSGC)

50cm mirror

_ 1m telescope 50cm telescope

Limiting mag. ~18.5 for GEO observation (a few sec  ~16.5 GEO observation (a few sec
exposure time) exposure time)
Max tracking velocity ~2.5 deg/sec in [Ra, Dec] ~5 deg/sec in [Ra, Dec]
Mount Fork Fork
CCD FOV: 2.4deg x 1.2deg FOV: 1.7deg X 1.7deg
2K x 4K pixel x 4 chip 2K % 2K pixel
The 7th space debris workshop 9

Radar observation facility:
Kamisibara Space Guard Center(KSGC)

Altitude-Size Distribution (as of 2015-12-02)
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Analysis system:
space Debris Orbit Analysis and Research System(DOARS)

(+ something extra)

Close approach alert /OConjunction analysis A
®Collision avoidance maneuver
Catalogue data planning
Re—entry prediction ®Research on conjunction

analysis for JAXA satellites
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Orbit prediction
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Operation flow: Optical observation

Object ID & TLE Observation request
; from the analysis syste

30~60min before observation

Observation .
ot ~18:00pm(dusk/sunset) . . ~6:00am(dawn/sunrise)
(on site) ‘ Duration of observing

3~4min 5~10min

Obj. 1 Jobs. img. proc! obs./img. proc! ~ Summary
report

Obj. 2

Obj. 3 me. pro meapra me. pro S Data
transmission

. # follow— follow—! follow— S

Ao : up obs. up obs. up obs.
Operators consider 3 Re-planning

v Order of priority . .

v Visible pass Basic operation

v Accumulated *6~8 images for 1 dataset: 3~4min
number of data * Image—processing: 5~ 10min

v Weather * 3 datasets for 1 GEO object
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Operation flow: Radar observation

T

24 hours a day
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Optical observation results
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Radar observation results

Sample capture of the detected
signal indicator at a certain moment

Visible passes on a certain day

STK image courtesy of Analytical Graphics, Inc. (AGI)
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Summary

* We perform

* observation of objects in orbit using BSGC telescopes
and KSGC radar

* conjunction assessment and analysis

* collision avoidance maneuver planning for JAXA
satellites

* re-entry prediction of large size space debris
detection of uncatalogued objects.

* We plan to develop the next JAXA SSA system.
» Refurbishment of the BSGC telescope
* Upgrade of the KSGC radar
* Upgrade of the analysis system

This document is provided by JAXA.
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