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3-2 Optical Inter-orbit Communication Experiment between

OICETS and ARTEMIS
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Optical Inter-orbit Communications Engineering Test Satellite (OICETS) is an advanced engi-
neering test satellite developed by Japan Aerospace Exploration Agency (JAXA) with two pur-
poses. One is inter-orbit communication experiment between the OICETS and European Space
Agency's geostationary satellite ARTEMIS. Another is optical communication experiment with
the NICT optical ground station.

Optical inter-orbit communications experiment between OICETS and ARTEMIS were per-
formed from December, 2005 to August, 2006. This paper describes overview of the inter-orbit
communication experiment system and summary of experiment results.
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801 nm (beacon beam)

Polarization LHCP

Data rate 2.048 M bps

Modulation IM-DD

Signal format 2 PPM

Extinction Ratio 0 20 Imin/Imax

Intensity Min. 25.2 MW/sr
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Bit error rate 0 107°

847 nm (communication beam)

LHCP

49.3724 M bps
IM-DD

NRZ
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Max. 780 MW/sr

0 107°

20 0000000000 Vol 58 Nos. 1/2 2012



LUC

01

Fine Pointing Mechanism Sensor (QD)

A Eﬁb ation Light Sou

rce CCR
—_—
] PN
[T+~ 1y N
I I Fine Pointing Mechanism
: % T T Point Ahead Mechanism
T : » -
Y > <
Optical Antenna I I Fine Pointing > & <
(Telescope) i Mechanism > ‘ Laser Diode
"_ Yy \ # Yy / L\ o ____
I | :
Coarse Pointing Sensor | | | | 1 ]
(ccp) FinePointing Optical _Point Ahead : ;
Sensor Receiver Sensor [ .:
T l T l T ¢ T ¢ Laser Diode
CPM CP FP PA
Drive Control Control Control
Circuit Circuit Circuit Circuit
Satellite Data Bus Satellite Attitude
System «— Acquisition Tracking Pointing Processor < > Control System

EE Luceoooon

gobobooboooboobobo20000000
goboobooboob FrPOODOODOO
oboobooboobuooboobo
+ 100prad0 00 00COODOOOOOOOO
gobbooooboooobooobooooboo
UOAPDOOOOOOOO0ODOOODOODOOO
ooooooobooobboooboooo
O0000000DO0O00 200mW 0O AlGaAs
goboooooobooobboooooboo
ooboobog rPOOOODOODODOODODOO

goorPOODODODOOOOOOOOOO
goboooboooobooobbooboboo
oooooO07km/00000OODOODOOO
goboooobooobooobobooobobooo
00000DO0O0OPoint Ahead: PAO DO OO
gboooborPADOOOLUCEODOOOOODOO
gobooobooobbooobooobobooo
goooooboooboooboooboobooo
gboooobobooooocpPOOFRPODO PA
goboooobooobooobboooboobooo

NICT

OO00O000000w—Zm—o>000n-4Amo—0000D0N0N0NDNONoD O 00000000




o ooooooooOoooolceETsOOO0 —O0O0D0OO0OO0OO00O0—

Oddx 26prad 0000

gLucEd 0D oooooooo2b00boon
goobobboobruceEb0gooooooboog
gooobooobooboobogbogdLrucE
goboooboooobbooobboooboo
goboooboooobboooboboooobog
gobO00b0O0OLUCECPODOOODOOODOO
gobooooooobbooobobooboboo
goobogooobooooboooooooooon
LUCEOOODDDOOOoooooboooooooo
gooobooboooboooboooog cpOo
oobodobbodond

22000000000

gbobobobobooooboooobooobo
goooooooobooobobob3gogo
goooboooOgoIcCETSODO0ODg JAXAD
O0O0OUO0OODOARTEMISOOODOO ESAO
ARTEMISOOOODDODOOOODDOOOOODOO
gboboboboboooobobobobo
gbobobooboboooobobobaboo
goboooboooboooobooobobooo
gobooobooooboooboooboobooo

Ka-band link
Telemetry/command

Ka-band link

Optical link  distance

[ data
ARTEMIS i
‘Operation Control ;!
iCenter (Italy) i

ESARedu station
(Belgium)

In-orbittest equipment

" PNcode generator

» BER counter

ARTEMIS mission data
ARTEMIS mission control facility

Orbit pred|ct|on
data

EE) cooooooo

29 [QOOO00O0OODO0O Vol 58 Nos. 1/2 2012

i Mission data,
! Realtimedata, ;
i Orbit predlctlon

i data :
—»

gobooobobooobbooobobooboboo
gooooboboogoobbooooooboboo
240 00000000000 ESAD JAXAD
goboooboboobbooobobooboboo
gobooooboobbooooboooboo
gobooobooobog

ULUCEOUO OPALED D DOOOOOOOOU
00000Db0O000O0O0bDOoOPALED LUCE
gooodooooooooo/E0OODOODD
oooobooboobooobD Kaoooooo
oooboooooonbD ESsAODOOOOOOO
OODODOOOPALED D LUCED DD DOOOUO
goobooobooooobobooooooboo
ESAO0O0ODOOKaODOODOOOOODODO
ARTEMISOUOOOOOPALEOOODO E/OO
gobooLuCcEOODODOOOOoOooObDbOOO
goooooooobobboboruceEb OO0
goooobboooooooooboboPNOO
gobooobobooobbooobobooooboo
goboboooooboooobobobooboo
00O ESAODODOOPNDOODOODOODO
goboooobogooooo
OARTEMISOODODOODOO 22000000

Stars

I
' Alignment calibration

@ o 50 Mbps '

¢, OICETS ¥ -
e, ) >
QA . \>\
< .‘..Optlcal link
‘ o 2Mpps T :
. Mswpandlink 0 ., ! NICT optical ground |
Telemetry 0. ®4 | station (Japan)
fcommand  5g Mbps" 0;
ad /mission data re @a
! i JAXATsukubaspace ! -
JAXA center (Japan) ] [ 3

Tracklngstanons OICETS operation

control facility

OICETS mission
control facility

Orbit prediction data

; Flightdynamics facility| :




goboooobooobobooooboooobooo
gbooboobobobooboboboboboo
ARTEMISOOOOODOOODOOOOODODOO
gobobooooobobooogolceTso g
goobooobgJAXADODDODODOoooo
gobbooooboobobboooboooboo
gobooooobboooboboobbooboobog
boobooJAXAODDOOODOoOOooOO ARTE-
MISOOOODODOOoODODOoOooOoooooooo
ooono
ooooogooooobboooouooo
LUCEDOOUODODOOODOOO 125p00ooon
goboooooooooboooboooboo
OO00O0ODJAXADDOOODO soobooobooo
gooooobobooooooooogo
OPALEDIODOOOOODODOOODODO ESA
o000 ARTEMISOO KaODOOOoooood
OOOESAODOODOOJAXAODOOODODODOO
gobooooboooboboooboooboo
gobooooboooobooooboooboo
gobooooooogon

gngooooobgoog

3.1000000

OARTEMISOOOOOOOO3000000O

Oo0o0oooooooooooono

0 10 Commissioning 0 0 0 OO

OARTEMISO O 0O0O0O0OOOOOOOOOO
0odoooopooooooooooooo
0o00dooooooooooooooon
0o0o0oooooooooooooooo
oo0o0ooooooooooo

020 Experiment 0 0 000

O Commissioning0 00 000000000O0O
gdoooobooooooooooooao
Odo0d0ooOooooLuCEOD oD Ooooonon
gdooooooooooooooboood
O000O0ORoutined 00 O00ODOOODOODOO
goooooooooooooooon

O30 Routine 00000

goodoooooobobooobobooooo
o0oDo0oooooooooooooooo
0o0o0oooooooooooooooon

gobbooobboooboboooobooon

golIcCETSs0ggoooos3sggooooog
gbbOdo0b0oscd00O0OO0DO20050 120 6
000 CommissioningD DO OOO0OODODOI2
gebbboooboboooboboooobobo
gooobobgobobgoob 120900000
gobooobooooboooboboooboo
gobooooooobooobboooboboo
gobooooooogooo

gobobooobooobooobboooboooo
gobooobooobbooobbooobobooo

gooogboboobooobobobooo

OPALED0DDODODDOODOODDOO
LuCcEDDgoonoooooooooonoog
gobooooboooobooobooobooboog
ooobobDoooooooooOo Commis-
sioning0 000000000 O0O0ODOOODO
goboooooooobboooboooboobooo
gobooooboooobooooboooboobooo
goboooboooboooboooboobooo
goboooboooooboooboboooobog

00001201900 Experimentd OO OO
goooLucEdoboboboooooobog
goboooboobobooobobozo0e 20
1600 Experiment0 000 O00O0O0D0COO0O
OCRoutine00O0O0O0O00OO0O0OCOODOOO
goobgobz20060 80 1000000 OICETS

OARTEMISO O DO DO OOOOOOOO

OICETSO ARTEMISODOOODODOO 10600
googooiooooooooobboooboo
gboobobobobooooboonoobobo
gbobobobobobobooooonoon

2000000000000

OLUCEO OPALED DD DODOODOODODODOO

gobooooooooo

O1I0OPALEDODOODOOOODOOOODOOOO

gz0LuCcE0 00D O0O000o0oooooooon
goo

U3DARTEMISOD DO OOOOOODOOOODO
goboooboooboooon

g400o0boobobobobobobooon

gobooobogon

NICT

Ooooooooodn-<ImHx>»00nmo-—-—QoUuoooooooooo o oooogoooo



@A) 000000000 00OICETSOOO —00000000—

O 040 0O O5020060 20 90 O Experi- UOPALED DO ODOODLOODODODLDOODO
mentJ 000000000000 O0O0O0OOO goboooboooobbooobboooboo
gobOLuCcEdboonooobooboonDg 10000000 gboobooobooobooon
gobo0d40000 LUCECPOOO FOVOO goboooboboobbooooboooboo
OPALELOUDOODOOODODOCPOODDOO gobooobobooobobooooboooboo

goboooboobooboooz200b000n ooooogoooo
goooboobooboob rOVOOOOOO

gooborPOODOODOODO FPODOODO 3300000000 00bo0ogoDn
000O00oo0gosprad00D0O000OODOODO goobobOoLruCEODDDODOOOoOooDbDbOOO
0dooobDooboobDoOdnDs0ddLUcCE goooboooooooobobobobog
0000ooooOoo0ooooonoOooPALEO OPALEDDODOODODOODOODOOO
LUCEDOOUODODOOODODOOOOPALEDDOO LuCEO O ODODOOoDoOOooDoooDoooogad
gogoooubooobooobooobooooa ggbbogubogobouooboobobooubooa
ggobouboobooobooobooboa ogoooooooooebbbOOODOOOoOog
goobooogoeonoobooboooooonon gobooboboooooobob1ooooooboo
gooo goboooobobooobbooobobooobobooo

0.2 /_ ‘ ‘ 15

o | LUCEMmM#RBR £ HFOV ,

L — (0.4deg)

0.1 t t
]
008 / OPALEE—2 3t 2 {EHIA A

E ’gu.d
> [ 3
i :
® 0 o
= e °
% ool | &
& 005 £
N 7| .
~0 LUCEH#iZ BR Y FOV
(0.02deq)
=0.15 1
. \\___ _/
n—'ﬁ.z =0.15 =01 =0.05 [1] 0.05 0.1 0.15 02 A5 | . s ) _ ]
N RBIRE —Xdeg) is A a5 0 05 1 15

IR RS2 - X [urad)

s D0 00000000 o0oocoooocooooa

E—a i o@BEL~DYVEZ
-60 /;'5 -60

El-ay REiE / ~a
-70

JIEWW

|
=3
[3

|
~
o

-80

|
©
o

HILER VY
St &E A [dBm]
B VY
%8 H [dBm]

| |

-90 | L

bt

-100 -90 I |
0 20 40 60 80 0 20 40 60 80

Time[sec] Time[sec]

iRy J00000ooooooooooooooooooooon

24 0000000000 Vol 58 Nos. 1/2 2012



00oo0o0oooooooooooooooon
0000+ lprad0000000OCOOOOOO
goooooooooooooooooooon
goooooooooooboooooooa
goory7oooooobodoobouoon
Joo0oooooooooooooogooooo
dooooooooooooooooogo X
O0025prad0 0 YODOOO 18urad 000
doo0oooooooooooooogooooo
0o0o0Do0oooo0O0o0oo0odFRWHMOFRull
Width Half MaximumO OO 6pradd 0000
ooo0oooooooooooooooooo
dooooooOooooooooooooo
20060 10 0000000020060 6000
OOLUCEODDOOODODOODOOOO 8OO
00o0ooooooelOdOODOOOOOODOO
00oo00oooooooooooooooooo
oopooooooooooon
O0O900OPALED LUCEDDDODOOOODO
goooooooooooooooooooon
Oo0o0oooOoooonooOPALEO D ODOOO
goodooooooobooobooboooood
gooooooo
O0000d0o0o000ooooooooooog
O0000d0o0o0O00doooooooooog
00o00o00oo0oooooooooog 2urad
O0o0000o0oo0ooooooooooooo
prad0 00000000000 COCOOOOO0
O0000d0o00O00oooooooooooog
O000000D0000oooooooooog

gooo

3.400000000000
0000000000000 00D00D0000
1500 PNODODODOOOODODOOOODODOOO
0000000000000Ooooooooon
00000000000D00000000000
000000000000000000000
0000000000000 0O00O00on
OPALEDONUOOODOOOODDOOOOODODO
0000000000000000000000
1000000100030000000000
0000 BEROBIt Error Rated 00 100 0
0000000000000 10°000000
0000000000000000000000
0000000000000000000000
0BEROOOOOOO10°000000000

ooooooobdbn-<mHx>»00rn-mOo-—-0o0000o0boooonno O oooooooon




o ooooooooOoooolceETsOOO0 —O0O0D0OO0OO0OO00O0—

550

500

ERAMER

S
(3]
o

S
o
o

ZHBBE W/ m?]

350

ARTEMISS{

300

T N

a1 A IEAT

50
20 4

EFE) coooooo Lucenoooo

x

—_

(=]
g

5
Time[sec]

10

w

N

I
BER=1.1E-3 |

2005128190

2D [count/sec]

eI IE AT

Evh

o

kY

o

50 100

150 200 300 350 400

Time[sec]

250

| !

20064F2H9H

BER=2.5E-10 __|

fEMMEIE R

2D [count/sec]

o = N W H~ O

Evh

o

50 100

150 200 300 350

Time[sec]

250

!

BER=58E-10 _ |

20064F8H2H

2D [count/sec]

- N W A~ O

Eyh
)

50

EFT) coooooooooooooooo

goo0oo0obOooobOo 100000002005
0120 0M0000020060 20000 20060
suibub0ool1loobooboooobooonoo
gboobobobobooooooboobobo
gbobobobobooooboobobobo

26 0000000000 Vol 58 Nos. 1/2 2012

100

150 250 300

Time[sec]

googoooboo

2060 400080 00000O00O0O0ODO Rou-
tineJOJO0O0OOODOO8DO0OBEROOODODO
gogbbobbnoobooboboooboo
ggboooobBerbO0Ooboooooogod



1.E-02

=

® Return Link

B Forward Link

1.E-04 ——————————————— |

=

1.E-05

1.E-06

BER

1.E-07 EEEE

0 . . P — — 0
hd ]
1.E-08
e 3 L 3 ! S =
& LJ [ ) L .
C I o s k%Y

1.E-09 ﬁﬁ.

== > —

hd Y
1.E-10 HE L i — i - ..

06/04/01 06/05/01

06/05/31

06/06/30 06/07/30 06/08/29

EFEY Routine 000000 0D00000O0OODN0000000O00000000000

00000 10°000 BEROOOODOOOOO
0000000000000000000000
0000000000000 10°°000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0ooo00ooogon

40000

OOICETSU ARTEMISO ODOOODOOOO
gobooobobooobooobooooboo
goboboooboboooboboobbooboobog
od

gobooooooboooboobooobog
gbooboooooooboobobobobobo
0000000000 O0o00b0DOoICETSO
oo Uooo
gooboobbobbobboooooooogo
gbobooooooboboboobobobo

gooooboooobbooon

goboooboooobooobooobobooo
goboooboooobooobboooboobooo
goboooboboooobooobooobooboo
gobo0oOobDODoICETSO ARTEMISO OO
goboooboooobbooobboooboboo
gobooooboooboooboboooboo
goboooboooboooobooobobooo

HRN

gobooobooobbooobooobooboo
goboooboooobbooobbooooboo
gbobooooobobooOogNECODODO
ggoooooooooboooooobooboobbbobo
gobooobooobooobbooooboboo
OoboOESAO0OO0ODOOO0ODODOOODODOO
goboobooooooobooooobooooo
oo

NICT

oooooodobobwn-<SmHda>»00n1mo-—-—Qobboooooooon 0o ooooooooo



o oooooooooooolceETsOOO0 —O0O0D0OO0OO0OO00O0O—

gogo

10 M. Fujise, K. Araki, H. Arikawa, and Y. Furuhama;* Current and Future Activities in the Area of Optical Space
Communications in Japan,” Proceedings of SPIE, Vol. 1522, pp. 14-26, 1991.

20T Araki, S. Nakamori, Y. Hisada, and T. Fukuda,;* Present and future of optical intersatellite communication
research at the National Space Development Agency of Japan (NASDA),” Proceedings of SPIE Vol. 2123,
pp. 2-12, 1994,

30Y. Arimoto, H. Okazawa, M. Shikatani, T. Takahashi, M. Toyoda, M. Toyoshima, and K. Araki;* Laser communi-
cation experiment using ETS-VI satellite,” CRL Journal, Vol. 42, No. 3, Nov. 1995, pp. 285-292.

40 K. Araki, M. Toyoshima, T. Takahashi, T. Fukazawa, M. Toyoda, M. Shikatani, and Y. Arimoto,* Experimental
Operations of Laser Communication Equipment onboard ETS-VI Satellite,” Proceedings of SPIE, Vol. 2990,
pp. 264-275, 1997.

50 M. Faup, G. Planche, and T. Nielsen,* Experience Gained in the Frame of Silex Program Development and
Future Trends,” Proceedings of AIAA 16th International Communications Satellite Systems Conference 1996,
pp. 782-783.

60 T. Nielsen and G. Oppenhaeuser; In Orbit Test Result of an Operational Intersatellite Link between ARTEMIS
and SPOT4,” Proceedings of SPIE Vol. 4635, pp. 1-15, 2002.

70T Jono, K. Nakagawa, and Y. Yamamoto,” Acquisition, tracking and pointing system of OICETS for free
space laser communications,” Proceedings of the SPIE 3692, pp. 41-50, 1999.

gi000d0d0OD0ODO0ObOODOOoOO0ObODODOO0O0O0ODODODODO0ODODODODOO0ObODODODDOO0ODODODODODDODODDODODDODOOOO
0000000000000 000000r O00D0D00OD00D0UODOOICETSDODOO0DODoOD Doo
O Vol. 106, SANE2006-76, No. 107, 2006 00 6 O O

00024030140 OO0

28

goo o ooo

0000
goooooooooooood
goooobooboobooo
jyono.takashi@jaxa.jp

00oDO0oo00Ooooo Vol 58 Nos. 1/2 2012





