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The basic study of optical light curves and spectra of active satellites in geostationary Earth orbit (GEO) is quite
useful to construct some methods to understand characteristics of unresolved space debris. Analysis of the light
curves helps to estimate the shape and motion of each object and spectral measurements enable to discuss surface
materials. We have made simultaneous observations at adjacent observatories. Bisei Spaceguard Center (BSGC)
has 1.0-m/0.5-m telescopes to acquire light curves and the 101cm telescope with a low-resolution spectrograph
has been used at Bisei Astronomical Observatory (BAO) located 100m from BSGC. The target objects are three
GEO satellites located at around 1400 E.: Japanese meteorological satellites HIMAWARI-8/9 (International
Designator 2014-060A/2016-064A) and an Australian communication satellite SKY MUSTER (2015-054A). In
this paper, we discuss photometric and spectroscopic characteristics and their temporal changes. Additionally,
observations of another satellite QZS-3 (2017-048A) are scheduled in late September and it is possible to present
supplemental data.
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Target Objects

Quasi-Zenith Satellite

SATNAME  HIMAWARI-8 Qzs-3
(MICHIBIKI-3)

Int’| Designator

(COSPAR ID) 2014-060A 2016-064A 2015-054A 2017-048A
Dimensions

(in-orbit) 5.1mx8.0mx5.3m 12m X 26m X 9m 7.1mx19.0mx5.4m

(stowed) 2.2mx2.1mx2.9m 3m X 3.5m X 8.5m ? e
Launch mass 3,450kg : 6,440 kg 43t

Dry mass 1,300kg P v ' : 1.71

Power ' : ;
generation 16.4kW : 6kW
(End-of-Life) :

K o

Y !

© Gunter Dirk Krebs Oelinsseliies

© Mitsubishi Electric ’ ‘
ref: Meteorological Satellite Center (2018), Takahara, T. et al (2014) & Cabinet Office (2019)
https://spaceflight101.com/ariane-5-va231/sky-muster-ii/

2. Observations and Data Analysis

North Korea

Sea of Japan

Japan

b Seaul South Korea

Kanazawa©o ©T0Yama. o jtsunomiya

o

Tot!

OO Fukui agays ToRyo
o

e g s £ . ¥ Osaka ' ,°
- s B : : ir o d
i g A B X d=Shizuoka

= .

"*5.| Bisei Spaceguard Center (BSGC) "‘ A L
&= Location: 34°40°21”N, 133°32'40"E Py Bo%cho, bara,
BN e =2 ayama

SHEEE e

This document is provided by JAXA.



HE [AR—ZFFVT—ray | H#EERME 219

Lol

Bisei Astronomical

Observatory (BAO)

Bisei Spaceguard Center (BSGC)

Observation Type
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Focal Ratio
Optical Configuration |
Mounting

CCD Camera
Chip
Array Size (pixels)

Pixel Size (um)
Pixel Scale

B Photome BAO (Spe op
Date eathe 2 3
hararctarictire nf cneactra hy catallite G
nalracitCliolivo Ui D}JC\'LIG Uy S4dLCHITLC
018 HIMAWARI 8
: 2 20~ 15:47~16:22 \\ 14:55~16:34 HIMAWARI 9
: Sky Muster
HIMAWARI 8
O 00 N/A 14:51~19:14 HIMAWARI 9
Sky Muster
019 , . ~ .
%/ 17:46~13:10 o8 14:38~18:50 HIMAWARI 8
6 Feb (intermittently)
1:44~11:56
04 Ma temp()raig'lgen%%scﬁf spectra’ 15:03~18:42 HIMAWARI 8
020 "
2 -e- N/A \ 14:17~18:40 Sky Muster
8 Ap 2 N/A N/A QZzs-3
ep 00 10:07~14:50 334 14:36~19:34 Q7ZS-3 +a
De o> 9:38~19:33 1071 13:25~18:50 QZS-3 +a
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BSGC (Photometry)

Weather Ntirtber

Time (UTC) L

BAO (Spectroscopy)
Time (UTC)

including exposures for Flat, Comp &
standard stars

Target

Simultaneous Observations
-e- 15:47~16:22 159 14:55~16:34 HIMAWARI 9
(Hy a miracle) Sky Muster
HIMAWARI 8
N/A 14:51~19:14 HIMAWARI 9
Sky Muster

bad data
(foriunknown reasons)
11:44~11:56
* 15:39~18:07 >73

N/A

14:38~18:50

HIMAWARI 8 [§

bad data
(due to clouds)

14:17~18:40 Sky Muster

N/A

10:07~14:50 334

9:38~19:33 1071

Image of the BSGC 1.0m Telescope

designed for survey and tracking of:
* Space Debris in orbit

N/A

QZzs-3

devicefallure

missing standard star spectrum
(due to bad weather)

e

* Minor Planets especially Near Earth Objects (NEOSs)
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Image of the BSGC 1.0m Telescope

designed for survey and tracking of:
* Space Debris in orbit
* Minor Planets especially Near Earth Objects (NEOs)

Image of the BSGC 0.5m Telescope

with the same design as the 1.0m Telescope
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Light Curves for GEO Satellites (2018-05-19)
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Light Curves for GEO Satellites (2018-05-19)
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Light Curves for GEO Satellites (2018-05-19)
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Reflector-2 L1S/Sb/L5S-Antenna Covers (MLI?)
Ku-band Antenna a=0.617 a=0.553

SAP: Solar Array Panel :
MLI: Multi-layer Insulation |
L-Antenna Cover (MLI?) a: absorption

Reflector-1 —___ ¢=0.4 Ys
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ref: Cabinet Office (2019)
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Reflector-2
'Ku-t')anf:l Aptenna ;:6-.?3—17 — . Antennas: details unknown

* deformed parabolic
reflectors (depend on the
CH R S : A B ) R communication waveband)

* elliptical shape aperture
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(Back side)
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25\
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ref: Cabinet Office (2019) (Unit: mm)
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Light Curves for GEO Satellites (2020-03-20)
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Light Curves for HIMAWARI-8/9 & SKY MUSTER (2021-02-04)

Light Curves for GEO Satellites (2021-02-04)

9 . much brighter than HIMAWARI 8/9 . . . . . | .
(reflecting larger dimensions of SKY MUSTER) —rvawaR= @o7a-060)
2 & HIMAWARI-9 (2016-064A) .
10 | SKY MUSTER (2015-054A)  » |
11 | : : i
specular reflection
of something?
o 12 L
=
=
g
S 13 L
14 L >
15 |
indicates a complex configuration?
16 i i i I i I
90 0 140 130 120 110 100 90 80

Simultaneous Observation Schedule (2018-05-19)

Light Curves for GEO Satellites (2018-05-19)

HIMAWARIE (2014-060A)
HIMAWARIB (2016-064A)

8 10 L ‘ SHY MUSTER (2015-054A) « 109
©
s
= _ 410 =
= &
. soed “isese 3
w12 el 1B
= * SKY —
(/2] 5
= Speittrperd Py MUSTER =
E 131 112>
= =
& |
Loal R ... 1138
E setes 0:::303::.’
= Fessst,
o teee :0
3}
= 151 - |14

18 I I i : ‘ . . L 15

.10 0.11 0.12 0.13 0.14 0.16 0.17 0.18 0.19 0.20

0.15
JD 2458258+

This document is provided by JAXA.



Flux (ergs' ecm2 A1)

IRl [AR—RF T VT —Tay |

Energy Spectra (2018-05-19)

Low-dispersion Spectra on 19 May, 2018
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Comparison of Spectra (2018-05-19 vs 2018-10-13)

Low-dispersion Spectra on 19 May and 13 Oct, 2018
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Tl Figure 7: Reflectance spectra of ‘gold’ Kapton (left) and “silver” (right) multi-layer insulation material (data provided
by K. Abercromby).
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Structure and Efficiency for Solar Energy Utilization of
Triple-Junction InGaP/GaAs/Ge and Crystalline Si Cells

Area Rate = Efficiency of energy conversion

N - Energy distribution of sunlight
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ref: https://www.nedo.go.jp/hyoukabu/articles/201111sharp/index.html

Reflectance Spectra of Crystalline Si and Triple-Junction Cells
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Figure 6: Reflectance spectra of two laboratory samples of solar cells. Left: solar cell sample from the Hubble space
telescope solar array retrieved in March 2009 (~8.25 years in space); right: triple junction solar cell sample.
Schildknecht, T. et al. (2009)

Replacement of SAP from Si to GaAs cells in
Service Mission 3B (March 2002)
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Figure 6: Reflectance spectra of two laboratory samples of solar cells. Left: solar cell sample from the Hubble space
telescope solar array retrieved in March 2009 (~8.25 years in space); right: triple junction solar cell sample.
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Normalized Spectra by the Last Data
(with the Smallest Solar Phase Angle)

Flux Ratio of 2014-060A on 16 Feb, 2019

Contour of the reflection by SAP
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Low-dispersion Spectra of 2015-054A on 18 Jan, 2020
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Flux Ratio
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Normalized Spectra by the Last Data
(with the Smallest Solar Phase Angle)

Flux Ratio of 2015-054A on 18 Jan, 2020

Caused by the poor condition (season)?
Influence of the complex configuration?
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