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Optical Observations of Space Debris at the Bisei Spaceguard Center
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Bisei Spaceguard Center was built as a facility for the purpose of the optical observations of space debris and
Near Earth Asteroids, in the Bisei town of Okayama Prefecture, in 2000.

It is an astronomical observation facility owned by the Japan Space Forum.

Daily observations are carried out by the members of the Japan Spaceguard Association, mainly according to
the request from JAXA, using a 1-m and a 0.5-m optical telescopes.

The main target of the debris observation is the position measurement of the Geostationary Orbit (GEO)
objects.

The accuracy of the measurement is about the distance of 40 m at the altitude of a GEO.

These telescopes have the tracking capability for high-speed moving objects at the low Earth orbit, and we
have succeeded the observation of low orbit debris.

We are also working on research observations of space debris, for example, light-curve analysis depending on
solar phase angle of the GEO object, or the analysis of the rotation/tumbling status from short-term light curve
of debris.

In this presentation, I will introduce these observation activities.

This document is provided by JAXA.
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The 7th space debris workshop
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Contents

- About the Bisei Spaceguard Center

- Optical observations of space debris
at the Bisei Spaceguard Center
- Survey, follow-up
- “Emergency” observations
- Research activities

This document is provided by JAXA.
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Bisel Spaceguard Center

Construction began in 1998, with the cooperation of
the Japan Space Forum (JSF), NASDA, and JSGA

- The first astronomical facility optimized for the
observations of space debris and near Earth objects

Constructed in 1999, 25cm and 50cm telescopes
were installed and observations started from 2000

1m telescope and wide-field mosaic camera were
installed in 2001

Opening ceremony was held in 2002

Bisel Spaceguard Center

“Western part” of Honshu
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Bisel Spaceguard Center

This document is provided by JAXA.
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Im Telescope

. Fork-mounted Equatorial

.Cassegrain focus
focal length:3000mm (F3)
-Field of view 1.2°x2.3°

-Maximum tracking speed 2.5°/s

- Limiting magnitude
18.7 (exp. of 2 min)
17.0 (exp. of 4 sec)

50cm Telescope

-Fork-mounted Equatorial

.Cassegrain
focal length: 1T000mm (F2)

-Fields of view:1.7°x1.7°
-Maximum tracking speed 5°/s
-Limiting magnitude

17mag (exp. of 2min)

This document is provided by JAXA.
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Bisel Spaceguard Center

- Building & telescopes are administered by JSF
Observations and research work by JSGA

- Discovery/followup/research observations of
artificial objects and near Earth objects

- Daily observation

- two JSGA staffs (out of 6) are in shift every night
(R5 v 76 AN 2 AD365BAH TRETE)

- 2bb days over a year in average
(365H D S 5 TERE255H DERAIERR)

Status of the Space Debris
Observations

- Survey and follow-up observations of the
geosynchronous Earth orbit (GEQO) objects

- Follow-up observations of the
LEO (low Earth orbit) object

. “Emergency” observations (ZX2%58)

. Research observations (Ff3z&E)

This document is provided by JAXA.
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Status of the Space Debris
Observations
(GEO objects)

- Survey Observations
Survey observations of (65°E - 200°E) x 3 times
(observation area: 86°E -181°E(1m), 65°E - 200°E (0.5m))

- Follow-up Observations
Number of observations:
typically 800 objects / year
30000 data / year

Observation method (GEO object)

This document is provided by JAXA.
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Observation method (GEO object)
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RightAscension

Positional accuracy for the GEO objects:--0.2-0.3 arcsec
(~ 40m@36000km (GEO))

Example image (GEO)

This document is provided by JAXA.
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Example image (GEO)

Status of the Space Debris
Observations
(LEO objects)

- LEQ: altitude < 2000km,
T~100mMin@750km,
transverse velocity > 1° / sec

(¢f: Maximum tracking speed: 2.5°/s (1m), 5.0°/s (0.5m))

This document is provided by JAXA.



BIE [AR=AFFVT = ay | #HEEE 447

Status of the Space Debris
Observations
("Emergency” objects)

- Special observations according to
events/accidents

Example (LEO/Emergency)

1999-025AK (FENGYUN 1C debris)

(range:1000-4000km)

This document is provided by JAXA.
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Observations of Astro-H

- Astro-H (Hitomi):

an X-ray astronomy satellite, altitude of 575 km

- Emergency observation request from JAXA

on March 27, 2016

- Observations were carried out on

March 27- April 11 and April 25 - May 7

Example (LEO/Emergency)

2016-012A (Astro-H)

This document is provided by JAXA.



BIE [AR=AFFVT = ay | #HEEE 449

Example (LEO/Emergency)

2016-012A (Astro-H)

This document is provided by JAXA.
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Status of the Space Debris
Observations
(Research)

- Luminosity vs Phase angle with the Sun
- Estimation of shape or motion form its light curve

OShort—period light curve by the application of

TDI mode

TDI (Time Delay Integration)

TDI (drift scan) method :

An exposure made by shifting electrical charge
with a mechanical shutter open.

BHZEULLGAS (Vv vy —2FHWEIRRET)
EFIEZ{TD. CCDOFAH ULFESE

This document is provided by JAXA.
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TDI (Time Delay Integration)

sidereal tracking object tracking
(EREIBEEREE) (EERIFFHYMERE)

Field of
view

(WM

CCD
Image

< charge transfer charge transfer

Short-period light curve by TDI mode

30 sec exposure, the telescope tracking for a GEO object.

This document is provided by JAXA.
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Short-period light curve by TDI mode

charge iERSIers

30 sec exposure, ) EO object.

Short-period light curve by TDI mode

sampling interval : 0.1415 sec

time resolution : ~ 0.24sec (depends on the seeing size)
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This document is provided by JAXA.



Output (ADU)

WA [AR—=AFTVT—ray | HEEEBHE 453

“usual” method

.

TDI method

many frames single frame

Magnitude (mag)
@

light curve

25 30
time (sec)

Example : Short-period light curve

1990-001B (JCSAT-2)

(Decommissioned on July, 2002)
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This document is provided by JAXA.
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Example : Short-period light curve

1989-020A (JCSAT-1)

(Decommissioned on July, 1998)
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Example : Short-period light curve
H-1IA R/B (2008-007B)
(launched on Feb. 2008)
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This document is provided by JAXA.
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Example : Short-period light curve

H-I1 R/B(1) (1989-070B)
(launched on Sep. 1989)
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rotation periods axis

JCSAT-2 | +0.003 sec/yr

(1990-001B)  (+0.75%/yr) 42658km | 36544km 36016km

JCSAT-1 -0.056 sec/yr

(1989-020A) (-1.7%/ yr) 42372km | 36023km | 35965km

H-IAR/B = +3.83 sec/yr

(2008-007B) (+24%/yr) 22346km | 31683km = 253km

H-1R/B(l)  +4.07 sec/yr

(1989-070B)  (+21%/yr) 12377km | 11492km  505km

This document is provided by JAXA.
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Summary

- Bisel Spaceguard Center

v The first facility for the observations of
space debris and near Earth objects

- Status of the space debris observations

- Survey and follow-up observations of
GEO objects
- Follow-up observations of LEO objects
- Emergency observations
- Research observations
v Light curve taken with the TDI mode
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