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We report on image-processing, detection and light curve of space debris around the geosynchronous Earth
orbit (GEO). In GEO survey observation, we employ the horizontal coordinate system, and set the exposure
time to be 3 seconds. A dataset of an observation region consists of 32 successive light frames. We detect
moving objects by applying the uniform linear motion detection method to the dataset, and perform
photometry on the images to investigate the light curve. As a result, we found that a lot of the detected objects
show the time variation in the light curve which provides information on the rotational state of the detected
object. We also discuss the cause of the rotation of orbital objects.
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»A lot of detected objects show a
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Orbital informat_ion, LEUYLBINN |, \ore detailed analysis is on going.
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Observation Chofu Observatory
Site w Tri-Axial Mount
35cm + CCD
Nyukasa 35°40 42" N| FOV:7.6'x 6.1’
Observatory 139°33'24"E| LEO tracking
; Alt. of 55m
35°54' 16" N Australia Remote Obs.
138°10' 08" E
Alt. of 1870m 18cm (— 25cm) + CCD
FOV:3.17°x3.17°
Dome 1 GEO survey
35cm telescope + CCD NEO survey
FOV:1.4°x 1.4°
GEO surve : "
v 3 Perspective of the sky
Dome 2
25cm + CCD:
18cm + CCD:
LEO survey
NEO survey Ayonte 9
Introducing and testing ]g ig E
2 CMOS Cameras S| Alt. of 406m Sité&Manager

]
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Observation and Dataset for GEO survey
*We employ the horizontal (topocentric) coordinate system/

B Stars move horizontally f;xf:ﬁ ) :1
B Perfect GEO objects are stationary. %?A ,‘
*Time interval: 3 sec exposure + Readout time. \
B ARO: 3 sec exposure + 1.7 sec readout ~ 4.7 sec |

B Nyukasa: 3 sec exposure + 2.7 sec readout ~ 5.7 sec
*Duration: (4.7 or 5.7 sec) x 32 images ~150 sec

Note: The dataset is optimised for detection efficiency but light curves

Image-processing

* Raw image
%

%k

Image ID: 7 DATE-0BS:2013-08-08T12:45:02.33975
Zoom image

1960 Intensity :

Raw Image
14780.900]

EKRAN 8
[13056U 82009A]|

y pixel
—
o
o
(=]

500

[Ra,Dec]=[ 316.88781, -4.43425]

y]1=[1450.84000,1921.24000]
1400 1420 1440 1460 1480 1500 0 1000 1500 2000
x pixel X pixel
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Image-processing

%k

* Dark-Bias subtraction, Flat correction, BKG subtraction
%k

Image ID: 7 DATE-0BS:2013-08-08T12:45:02.33975

Zoom image Dark/flat & BKG correction image

19600Tntensity : 14780.900)

EKRAN 8
[13056U 82009A]|

Intensity

500

[Ra,Dec]=[ 316.88781, -4.43425]
y1=[1450.84000,1921.24000]

1400 1420 1440 1460 1480 1500 o 1000 1500 2000
x pixel x pixel
N
Rough
estimate
Median Median  Of BKG
combining filter J

pA¢
2 Smoothed
¥ = —
ro el : BKG
Mask and . Uniform
substitute "~ filter
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Image-processing

* Raw image
x* Dark-Bias subtraction, Flat correction, BKG subtraction

* Diurnal motion object (star trail) masking

Image ID: 7 DATE-OBS:2013-08-08T12:45:02.33975
Zoom image Image-processed image

Inrensity : .14730.900 - R‘.:. I. =3 130860 820094

Intensity

[Ra,Dec]=[ 316.88/81, -4.43425 el
W[ x, yl=[11450.84000, 192124600 |

1400 1420 1440 1460 1480
x pixel X pixel

1000 1500 2000

Diurnal motion object (star trail) masking

For the convenience in detection of orbital objects,
we want to mask star trail...

Obs. time t4 Obs. time t2

This document is provided by JAXA.
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Diurnal motion object (star trail) masking

For the convenience in detection of orbital objects,
we want to mask star trail...

Obs. time t4 Obs. time t2

Mask bright pixels

Diurnal motion object (star trail) masking

For the convenience in detection of orbital objects,
we want to mask star trail...

Obs. time t4 Obs. time t2

Overlay masked image Mask bright pixels
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Diurnal motion object (star trail) masking

For the convenience in detection of orbital objects,
we want to mask star trail...

Obs. time t4

Overlay masked image <—>
Shift by the travel distance due to the diurnal motion

Mask bright pixels

Shift by

the travel distance

due to

the diurnal motion

Shift by

the travel distance

due to

the diurnal motion

Mask bright pixels

Obs. time t2
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Detection algorithm: Uniform linear motion detection

limited by the
—— Image 4 — computational
g w 9 » Step1 resources
* % Select 500 candidates based on
# - shape (blurred by atmospheric turb.)
e % - % - Intensity (brightest 500)
At this step,
Image 2 noise, cosmic rays, etc... are included.
[ ]
: » Step2
. Search objects showing the uniform
ve o linear motion
- 9 out of first 18 light frames
Image 3 Image 18
w
W

Detection algorithm: Uniform linear motion detection

limited by the
4 e —— computational
% > » Step1 resources
M Select 500 candidates based on
s - shape (blurred by atmospheric turb.)
WL - Intensity (brightest 500)
A% #
""" - At this step,
° noise, cosmic rays, etc... are included.
[ ]
: ~Z » Step2
. . Search objects showing the uniform
NG Z linear motion
° ~F - 9 out of first 18 light frames
[ ]
[ ]
° » Step3 (for lightcurve)
[ ]

extrapolate the detected path
to the 32th image and follow-
up search
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Photometry

M Moving objects leave trailed image (not circle and ellipse)

Extract pixels adequate for photometry using the 2D-Gaussian fit
*Step 1: Crop region surrounded by 3.50
= apparently inadequate pixels are excluded.

*Step 2: Extract pixels whose value greater than the value at 3o

Total intensity:
Adding up
the extracted pixels

Height : -0.4335

' Amplitude : 624.1519
Position : 1651.35 903.36

Width : 1.42 0.75

i 292.1533

Example of a bright object

2013/08/08, region 027, object O:
Mean mag. 11.79

Image ID: O DATE.085:2013.08.08712:44:29.66625
Zoom image

Image-processed image

56
1950 48
1500

40

2
- - &
¥ 1900 $ 3
a ‘ ‘& 1000 245
o= o= “':‘

1400 1450 000 1550 1000 1500 2000
x pixel x pixel

This document is provided by JAXA.



W6 [AR—=AF TN =gy | #EHEEHE 361

Example of a faint object

2013/11/01, region 049, object O:
Mean mag. 15.11

Image ID:31 DATE.085:2013-11.01T16:43:05,47825

Zoom image Image-processed image

2000 ™
56
500 48
1500 8
32
— 450 -
@ [T %‘
= =
a & 1000 4 e
B = <
16~
400
8
$00
0
350
-8

2000

BB MERIDIAN 2o
28 (350080 09029A 1l
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40 :
ARO: = Uncomentea: 86
35-18cm-tel Peak at ~12'13 Mag
3 2 reflects the size distribution
o2 in the catalog.
€20 ,
E ESA’s 1-m telescope
15 Detections (Jan 2004 - Aug 2005) ,
10 2001 =uncorrela(ed 8
I — Sensitivity 99 15cm 16
150 4 / 14
E I 60 cm 12
11 12 17 ?-; 100 | N HEE 1
S a1 e
7 '
Nyukasa: = Craneaen, 33 ] i | Ml
60.35cm telescope ! H I I 02
FOV 1 .40)(1 '4 0 9 10 11 12 13 14 15 16 17 18 19 20 21 i
50 20] 3 Magnitude
- 01/07 Schildknecht et al. 2004
b 01/08 :
E.ol 04/11 Note: A lot of detected object
=2 . . . .
11/05 shows a time variation in the
201 12/02 light curve.
10 }Z 82 The “mean” mag. could not
a represent the proper size.
7 11 12 13 14 15 16 17
Magnitude
* Database Language: SQLite
» Python standard library (Our codes are written in Python)
* Database Structure
» Correlated objects: Orbital elements in TLE catalog + Astrometry + Photometry
» Uncorrelated objects: Astrometry([RA, Dec], etc:--) + Photometry(Mag., etc---)
|00 D9 Browsar foe SQLite - ) Ustrs/odahiroshi/tmp_cebeis/ dedris.db
L hew Dacazase 5 Ooen Darazane wrne Cranges Rewnrt Chanpes
Database Seructore LAl Edit Pragens Execute SQL
Table Catect ] New Record Delete Recoed
Comman Nare St Nem, * Sami-major AR (] Maegs Mgcignirag/min] | Ccoemercity  Inchegsioninad]  RAMrag) - Arg of Mecigesiradl M
[»0
32 SL-2me 1514 6.73011954537794 0004259236424 . 0.0011977 Q27 6208 1Y o R v
e SLLI2 R 15140 6.73016371566704 0004259104496 . 0.00119%4 02743256 6208 - - —
38% RADUCA 15 15057 G00818141027825 0004377662157 .. 0.0005974 02562021 6205 ! .
190 SL-I2R/M) 14943 CEB419924895249 0.004303200136... 0.0018421 02662307, €237 |} ¥ u ]
101 SL-12R/BE) 14943 6.68419924895249 0.004303200136 . 0.0018421 02662307 6237 1 _
3% SL-I2R/B) 14943 6.68423571144132 0004303164928 . 0.001842 02662360 6236 1 o
39) CORIZONT 9 14940 661205621124061 0004373814720 0.0008026 02555929 6208 2! ¢ ',
39« CORIZONT 9 14540 6.61205621124061 0004373514720 . 0.0008026 02555929 6208 2 |L\ e
395 CORIZONT & 14540 6.61205621124061 0004373514720 0.0008026 02555529, 6208 2 \E“J, ’
o FAONWTY & 1ABAA £ EINIANICETIY AMAIYIIANYY A MATACY A jcccann [0 k] ll“ “‘
| e v 00 CF I T T e
« 387-3960f448 > Co to 1 foraeericay

Sensitivity
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Light curve: Stable Example
2013/06/11 @ ARO 2013/11/05@Nyukasa 2013/11/06 @ ARO
100 }quf&“w\ T R

Total intensity| ™™

- = B P e e
——— § g ——— e S

000000

6000f
ooooo

Intensity [ADU]
»
Intensity [ADU]

ooooo

MM’-\/\ZW. 00000 00 /\_NWW

Peak pixel value| 2%

0 80 00 20 a0 50 160 150 20 a0 50 50 00
Observation time [sec] Observation time [sec] Observation time [sec]

Correlated: JCSAT 5 [25067] - communication satellite

Date Stla\r;lii;r[r::‘aior Eccentricity Inc;irr;zt]ion ':;griugr::[c ;g]f Mean Mag.
06/11 6.61 0.00046 0.0484 1.214 0.17 11.74
11/05 6.61 0.00053 0.0537 1.191 2.74 11.11
11/06 6.61 0.00053 0.0537 1.191 2.75 10.96

Light curve: Periodic Oscillation (Spike-like) Example

oooooo

2013/01/07 @Nyukasa 2013/06/07 @ARO 2013/11/06 @ARO

Total intensity T
oooooo Peak pixel value | son |

Intensity [ADU]
Intensity [ADU]

Period of about 40 seconds?
Constant period?

MY -3 < ,'..V’.:‘ as _’ T3 ;’/
PR 'e S
n " SATCOM K1

Correlated: SATCOM K2 [16276] - communication satellite, de-orbited in 2002

© Gunter Dirk Krebs 1996-2014

Date Si’:ii;?:ior Eccentricity Inc;:l;z'(]ion I;;g;n;:; ;glf Mean Mag.
01/07 6.64 0.0008 0.224 0.678 2.00 11.77
06/07 6.64 0.0009 0.229 0.647 2.51 12.71
11/06 6.64 0.0012 0.232 0.615 2.62 12.76
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Light curve: (Moderately) Long Periodic Oscillation Example

nsity [ADU]

Intel

= TOtal intensity 1
/\v

|\

500

"™ Peak pixel value

2013/11/01 @ARO

0 50 20 00
Observation time [sec]

¥ 4
© Gunter Dirk Krebs 1996-2014

200

150

2013/11/06 @ARO

0

Observation time [sec]

2013/11/06 @ARO

0 60 &0 00
Observation time [sec]

Period of about 120 seconds?

2 characterist

ic faces?

Correlated: EXPRESS 1 [23319] - communication satellite, launched in 1994

Semi-major

Date Axis[R Eccentricity
11/01 6.63 0.00074
11/06 6.63 0.00073
11/06 6.63 0.00073

Inclination

[rad]
0.1994 0.757
0.1996 0.756
0.1996 0.756

I;;gg:::; tag]f Mean Mag.
1.948 10.86
1.951 10.70
1.951 10.91

Light curve: (Likely) Long Periodic Oscillation Example

2013/04/11 @Nyukasa

2013/11/01 @ARO

00000

15001

Total intensity |

- \“\./‘r-r\-/.\._"‘.ﬂ‘/

i

Intensity [ADU]

1500

Period of about
200~300 seconds?
Longer observing

time is required!

nnnnnn

2013/11/05@mENyukasa 2013/11/06@ARO  2013/41/06@ARO
I N o
. /J \

oooooo

ooooo

L o]

1

500

Intensity [ADU]

Observation time [sec]

Observal t\on hme [sec]

Observal tion nme [sec]

Correlated: RADUGA 1-7 [28194] - communication satellite, launched in 2004

Semi-major Axis[R Eccentricity Inclination [rad] ﬁ;?;'::ﬁ;g{ Mean Mag.
04/11 6.606 0.0002635 0.1230 1.1023 0.1784 13.12
11/01 6.610 0.0004036 0.1301 1.0568 1.3865 11.71
11/05 6.610 0.0003984 0.1302 1.0561 1.4027 11.00
11/06 6.610 0.0003984 0.1302 1.0561 1.4027 11.32
11/06 6.610 0.0003984 0.1302 1.0561 1.4027 11.77
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Light curve: Rapid Oscillation Example
‘2013/06/‘07@‘ARO‘ | 2013/06/11@ARQ

Total intensity

T T .
EE T 'ﬁ 20000 | | Peak pixel value
s | M /| 0 i I i
I I [ \ A T | \
[ [ \ [\ | I | \
AT L
\ \ \ ‘ | ‘
5 3000 | ‘w“ \ [ c“ *i- [ > 15000 A [ [
=) [ [ | ! [ a [ [ |
< | if. | i. | \ {_ {_ .ﬁ < \ [ |
z o | e“ | T [ - \
2 Pl R -
@ 2000 [ R A | + | I [ ] & 10000
2 VR L A 2
[y \ |
| “‘
\|

1000 5000p/

0
0

20 40 60 80 100

Observation time [sec]

120 140 20 40 60 80 100

Observation time [sec]

Period of about less than 5~10 seconds?
Shorter observation time interval is required!
Correlated: ARABSAT 3A [25638] - communication satellite, launched in 1999

120

Semi-major
Axis[R

6.615
6.615

Inclination
[rad]

0.0707
0.0708

Argument of
Perigee[rad]

5.421
5.406

Date

06/07
06/11

Eccentricity

0.000467
0.000478

1.1451
1.1446

11.74
12.11

Light curve: SL-12 R/B(2) series

a~6.5-6.7 [Re], e ~ 0.0043-0.0045
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Most of them show time variations
(with a similar period?)
B> Geometry effect is dominant?
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Light curve: ARIANE 5 R/B series

a~3.5-3.8 [Re], e~0.71-0.72
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bservation time [secl Observation time [secl Qbservation time [sec]

4 [Most of them show time variations

5 (with various periods?)
) I 2 Aerodynamic force (near perigee?)
S T is dominant?

Light curve: Uncorrelated Objects
[ Stable and bright

2013/11/01 @ARO 2013/11/06 @ARO 2013/11/06 @ARO 2013/01/08 @Nyukasa
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[ Various type of time variation
2013/01/07 @Nyukasa 2013/08/08 @ARO 2013/06/07 @ ARO 2013/01/07 @Nyukasa
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rotating debris?
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Summary

» Image-processing, detection algorithm
o Dark/Flat, BKG subtraction, diurnal motion (star trail) masking
o Uniform linear motion detection
o Photometry (for motion blurred objects)
» Detection result
» ARO: 208 correlated + 86 uncorrelated in 5 night data
» Nyukasa: 238 + 83 in 7 night data
» Database management (using SQLite)
» Light curve
» Alot of detected objects show a time variation
o Longer observing time is required for long periodic oscillation.
» Shorter time interval is required for short periodic oscillation. :
» Optimised observation and detailed analysis is on going.

Future works

» We replaced 18cm telescope with 25cm telescope in June
2014

s Sensitivity limit must be improved (by a magnitude of 17?)
» Improve detection algorithm: Stacking method

o Stack images shifted along to the “all possible
predicted” moving direction.

o Detection limit is expected to be improved by a
magnitude of 2 empirically.

» However, huge computational resources are required...

» We plan to accelerate it by making use of GPU(e.g.,
NVIDIA Tesla K20).
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