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4-2 Overview of the Laser Communication System for the NICT
Optical Ground Station and Laser Communication
Experiments in Ground-to-Satellite Links
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The National Institute of Information and Communications Technology (NICT) conducts re-
search and development of laser communication technologies that are needed for the realiza-
tion and quality improvement of optical space communications. In-orbit verification of the inter-
orbit optical communication link experiment between the Optical Inter-orbit Communications
Engineering Test Satellite (OICETS), dubbed “Kirari”, developed by JAXA and ESA's ARTEMIS
satellite was successfully conducted in December, 2005. Kirari was launched by a Dnepr
Launch Vehicle from the Baikonur Cosmodrome in the Republic of Kazakhstan and injected into
low earth orbit (LEO) at an altitude of 610 km and an inclination of 97.8°. The functions of the
satellite systems had been checked during first three months, and the acquisition and tracking
of stars and planets was successfully performed. In December 2005, the first bi-directional laser
communications link between Kirari and ARTEMIS was successfully established. The Kirari opti-
cal communication demonstration experiment with the NICT optical ground station (KODEN)
could be realized because the optical antenna can point toward the optical ground station with
a special satellite attitude control. The objectives of KODEN are to confirm the tracking abilities
of Kirari and the optical ground station under the atmospheric turbulence, and to verify the ca-
pability of the laser communications in ground-to-LEO satellite links. The Phases 1, 2, and 3 of
bi-directional ground-to-satellite laser communication experiments were successfully performed
in March, May, and September of 2006. The Phase-4 experiment was conducted from October,

NICT
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2008 to February 2009 under the research collaboration with JAXA. In this paper, the results of
the Phase 1-4 KODEN experiments are summarized.

gooogon

gobobobooobbooobboobobboobbbooobboon
OICETS, Kirari, Optical communication, Optical ground station, Atmospheric turbulence, Low

earth orbit
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Uplink Downlink
Beacon Communication
Wavelength 808 nm 815 nm 847 nm
Beam divergence angle, 204y rad
(after 2008) 9 mrad (168 rad) 55y rad
Beam size 17 mmp 710 mmgp 120 mmg
Transmitted power
(at telescope aperture) 30 W (max) 10 mw 53 mW
Signal format Cw 2 PPM NRZ
Data rate - 2.048 Mbps 49.3724 Mbps
Polarization Random LHCP, Random LHCP
Number of beams 1 4 1
Receiving aperture diam.
(March) 26 cmo 26 cm 20 cmo
Receiving aperture diam. 26 cmop 26 crmop 318 cmp

(after May, 2006)

(sub-aperutre in 1.5-m telescope)

Notes: 2 PPM: 2-pulse position modulation, NRZ: non-return to zero, LHCP: left-hand circular polarization
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Specification Value

Telescope aperture
diameter

20 cm (March, 2006)
15 m (after May, 2006)
10 (March, 2006)
15.9 (after May, 2006)
Diameter of subap- 3.0 cm (March, 2006)
erture 4.8 cm (after May, 2006)
Distance between 9.0 cm (March, 2006)

Magnification

subapertures 14.3 cm (after May, 2006)
Number of the sub- 4
apertures
Wedge angle 1 deg
ICCD sensor Hamamatsu C5909-12
Exposure time 0.3 ms
CCD image pixel 768 x 494
size
Grabbed image 640 x 480
pixel size
Measured frame 30 fps

rate
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% established
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through thick (interrupted by
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Test date Session No. Link established Weather
21st March, 2006 1% Yes Clear
23rd March, 2006 2" No Cloudy
28th March, 2006 3 Yes Clear
30th March, 2006 4" Yes Partly cloudy

9th May, 2006 5" No Rainy
11st May, 2006 6" Yes Partly cloudy
16th May, 2006 7" Yes Cloudy
18th May, 2006 8" No Rainy
23rd May, 2006 om" Yes Partly cloudy
25th May, 2006 10" Yes Partly cloudy
5th September, 2006 11" Yes Clear
7th September, 2006 12" Yes Partly cloudy
12th September, 2006 13" No Rainy
14th September, 2006 14" No Cloudy
19th September, 2006 15" Yes Clear
21th September, 2006 16" Yes Partly cloudy
26th September, 2006 17" No Rainy
28th September, 2006 18" No Cloudy
EE:E cooo 40000 OICETS-NICTOOOOO00O0O0O0000000

Test date Session No. Link established Weather
16th October, 2008 i No Clear
21st October, 2008 o Yes Clear
23rd October, 2008 3" No Cloudy
28th October, 2008 4" Yes Cloudy
30th October, 2008 5" No Cloudy

4th November, 2008 6" No Clear
6th November, 2008 7™ No Cloudy
11th November, 2008 8" No Partly cloudy
13nd November, 2008 9" Yes Clear
18th November, 2008 10" Yes Clear
20th November, 2008 117 Yes Clear
25th November, 2008 12" No Cloudy
27th November, 2008 13" No Rainy
2nd December, 2008 14" Yes Clear
4th December, 2008 15" Yes Thin clouds
9th December, 2008 16" No Rainy
11th December, 2008 17" Yes Clear
16th December, 2008 18" Yes Partly cloudy
18th December, 2008 19" Yes Clear
23rd December, 2008 20" Yes Clear
25th December, 2008 21 Yes Clear
8th January, 2009 22™ No Rainy
13th January, 2009 23 Yes Clear
15th January, 2009 24" Yes Clear
20th January, 2009 25" Yes Partly cloudy
29th January, 2009 26" No Cloudy
10th February, 2009 27" No Clear
24th February, 2009 28" No Cloudy
26th February, 2009 29" No Rainy
NICT
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