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REALIZATION OF LASER EXPERIMENTS WITH ESA’S
GEOSTATIONARY SATELLITE ARTEMIS

A laser communication system was developed for space-to-ground laser-link experiments between the geostationary satellite ARTEMIS
(orbital position is 21.5° East, orbital inclination is more than 7.2°) and optical ground-based station in Kyiv. The main elements of
the system were implemented into the technology platform located at the Cassegrain focus (F = 10.5 m) of a 0.7-m astronomical
telescope. The pointing and spatial correction system of the telescope was developed for tracking unstable geostationary satellites. A
short description of the laser terminal of the ground-based telescope and the results of first tests for the beacon beam of the OPALE

laser terminal of the satellite are presented.

Introduction. Within the ESA contract and continu-
ing the previous activities [1—4, 7—9], the Main
Astronomical Observatory of Kyiv (MAQO) devel-
oped [5] some technologies to establish an optical
communication link with the geostationary satellite
ARTEMIS (orbital position is 21.5° East, inclination
equals 7.2°). The developed technologies include the
satellite tracking system for an astronomical 0.7-m
aperture telescope. The telescope tracking system,
which is automatically controlled (with the help of
micro-step motors), follows the satellite using its cal-
culated coordinates. The rms error of tracking was
measured to be less than 0.68 arcsec along the hour
axis and less than 0.34 arcsec along the declination
axis during 5.2 min of tracking time. These tests were
performed while observing ARTEMIS in reflected
sunlight (a stellar magnitude of 12) using digital cam-
eras mounted on the technology platform [6].

The digital cameras of pointing and tracking of the
satellite, receiving avalanche photodetector (APD)
module, laser diode transmitting module, and ad-
ditional optical, mechanical components such as
atmosphere turbulence compensation optical ele-
ments, polarization elements for separation between
transmitting and receiving beams are implemented
on the technology platform located at the Cassegrain
focus (F=10.5 m) of the AZT-2 telescope.
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Short descriptions of developed modules and sub-
systems as well as the results of first tests of the bea-
con beam of the OPALE (Optical Payload Laser Ex-
periment) laser terminal of the ARTEMIS satellite
are presented in the paper.

An overview of the satellite and ground-based sys-
tems. At present ARTEMIS is a geostationary satel-
lite with the increasing inclination. Its position on
the sky is currently fluctuating up to +7.2° in the
North — South direction.

ARTEMIS is a multipurpose communication sat-
ellite with radio frequency communication terminals
of the Ka, Ku, S, L bands and OPALE laser com-
munication terminal onboard. Table gives the general
parameters for the OPALE terminal.

The ground-based laser communication terminal
is bound to receive signals from the OPALE terminal
(Table) and to send a narrow laser beam in 843—
853 nmspectralband withnone or49.3724 Mbps NRZ
modulations and left-hand circular polarization.

AZT-2 of the MAO is a reflector-type telescope.
The primary telescope mirror is 700 mm in diameter.
The diameter of the secondary hyperbolic mirror of the
Cassegrain system is 215 mm. The equivalent focus
of the Cassegrain system is 10500 mm. The telescope
is equipped with the refractor guide having an objec-
tive of 200 mm and a focus distance of 2500 mm.

The technological platform with implemented in-
dividual components for performing laser commu-
nication experiments with the ARTEMIS satellite is
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Fig. 1. The AZT-2 telescope with the technological platform
in its Cassegrain focus

Fig. 2. ARTEMIS and star track images obtained with the use
of the pointing camera (a) and the tracking of ARTEMIS by
CCD camera (b)

General Parameters of OPALE Terminal

connected with the Cassegrain focus of the AZT-2
telescope. Fig. 1 gives the common view of the tech-
nological platform connected with the telescope.

Pointing and tracking digital cameras. Digital
cameras for pointing and tracking of the satellite are
implemented on the technology platform. Pointing
digital camera works with the focal reducer (from
10 m to 5 m), it has the CMOS sensor with 2000x
%3000 pixels and its field of view is 10.6x16 arcmin.
It can operate with time exposures from 1/1000 to
30 s and more. The focal reducer for the Cassegrain
focus was constructed and installed on the technol-
ogy platform. The following picture shows an exam-
ple of the ARTEMIS images pointed with the use of
this camera.

Another small digital CCD camera (ADC is 16
bits) for tracking of the satellite works without any
focal reducer. It has thermoelectrically cooling of a
CCD sensor (596x795 pixels) and its field of view is
equal to 1.6x2.3 arcmin. The noise level is 0.02 e-/
pixel/second and the exposure lies in the range from
1/1000 s to several hours. Fig. 2 gives an image of
tracks of the ARTEMIS and a star.

A receiving module. The receiving module is im-
plemented on the technology platform and uses an
avalanche photo detector (APD) cooled to a tem-
perature of 4° C and low-noise electronic amplifiers.
The sensitivity of the APD system is 0.15 nW in a
bandwidth of 8§ MHz [3].

Laser transmitting modules. The laser transmitting
system uses a laser diode module, which is thermo-
electrically stabilized in the temperature range from
8 to 25°C. The laser diode power is 150 mW, wave-
length equals 851 nm. Laser modulation is possible
with data rates up to 50 Mbps. The electronic module
of power and thermoelectric stabilization is situated
outside the technology platform.

Oscillators and a BER test module. The electronic
module for generation of 49.3724 MHz, PRBS-15

Beam divergence Irradiation . Lo
Beam (FWHM) at Ground Station Wave-length Modulation Polarization
Beacon beam 750 prad 5 nW/m? 801 nm none none
Communication beam 5.5 prad 30 nW/m? 819 nm none or 2.048 Left-hand
Mbps NRZ circular
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Fig. 3. a — ARTEMIS before the beacon start, » — the signal after the beacon start, ¢ — the beacon signal maximum

(Pseudo Random Bit Sequence) signals and BER
(Bit Error) test scheme was produced. To achieve
49.3724 Mbps, the 100 MHz oscillator with the tem-
perature stability less than 5 ppm in the temperature
range from —10° C to +60° C and a digital synthesizer
is used. This electronic block with a generator and
PRBS-15 modulation for a laser beam was produced
and adjusted. The frequency was measured and
turned out to be 49372320 Hz. The deviation from
the nominal frequency is 80 Hz, that equals 1.6 ppm.
This value is acceptable for the communication link.
The BER test scheme for receiving and testing of
2.048 Mbps laser signals from OPALE was produced
in the same module.

Precision of tracking and turbulence compensation.
For the precision of tracking of the satellite and for
turbulence compensation, the multi-element (six el-
ements) quadrant photodetector (QPD) module was
developed. It operates with the laser moving module.
The electronic module of power and precision track-
ing is situated outside the technology platform.

A quarter wave plate (QWP). To transform the line-
ar polarization of the laser module into the necessary
left-hand circular polarization, we use an achromatic
in a 840—855 nm band A/4 wave plate. [4].

Additional optical elements. Some additional optical
elements such as beam splitters, filters and lenses were
also implemented into the technology platform.

OPALE beacon test. There were three sessions of
the OPALE beacon scanning during each night on
9 and 10 November. Each scanning started at 19, 20
and 21 UTC and extended over 6 min. The OPALE
beacon performed the scanning in a double spiral
(3+3 min) during each session. All the sessions of
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beacon scanning of the first night (9 November) were
recorded.

We calculated some part of the beacon images re-
corded at 21:00 on 9 November. Altogether, 478 im-
ages during 6 min of beacon scanning were obtained.
We received the beacon signal during all the scanning
time (6 min) beyond the time when the beacon beam
was oriented to our telescope. We assume that it was
a result of the scattering of the beacon beam by at-
mosphere aerosols. The first maximum of the beacon
signal was received within 15 s after turning on the
beacon. The second maximum was seen within 19 s
after turning on the beacon. This situation repeated
3 min later.

We started observations of ARTEMIS in reflected
sunlight before the start of the beacon with an expo-
sure of 0.05 s. We observed bright beacon peaks and
a small peaks when the beacon passed close to us.
Fig. 3 gives the ARTEMIS images before and after
the start of the beacon operation. The exposure was
stable during all the observations and was equal to
0.05 sec. Fig. 3a shows an image of ARTEMIS before
the beacon start (3.4 x 1075 nW). Fig. 3b illustrates
an image of the beacon beam after the start (1.3 x
x 1073 nW). Fig. 3¢ shows the maximum of the bea-
con signal (2 nW) when the beacon passed across the
observatory position.

We did not calculate all beacon images. Fig. 4
shows the brightness of the beacon during the first
scan and after the start of the second scan. We ob-
served similar not bright beacon peaks when the bea-
con was close to us.

Fig. 5 gives coordinated deviations of the beacon
beam during the first scan. A calculated mean devia-
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Fig. 4. Photometric data on the first beacon scan and a part of the second scan (258 images) from 21:00
UTC Quarter moon period. Exp. is 0.05 s, cycle is 0.78 s
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Fig. 5. A deviation of the ARTEMIS position during the first
beacon scan. 236 images from 21:00 UTC, 9.11. 2008

tion for the beacon beam (Fig. 5) was X = 0.56 arcsec
and Y= 0.69 arcsec.
The ARTEMIS beacon beam (750 micro radians)
intensity on the Earth’s surface is 5 nW/m?.
According to the attenuation by the telescope and
optical elements, the maximum beacon signal ob-
served by the CCD camera was approximately 2 nW
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(the exposure was 0.05 s). From calculating the AR-
TEMLIS signal before the beacon start, we estimated
the signal/noise ratio for the maximum beacon sig-
nal of the CCD camera (the exposure was 0.05 s) as
5.9x10* while the beacon passed across the telescope
position.

The ARTEMIS communication beam (5.5 micro
radians) intensity on the Earth’s surface is 30 nW/m?.
The expected power at APD level after passing the
signal across the telescope and optical elements is
9 nW. The APD receiving block sensitivity is 0.15 nW
in the frequency band from 0 to 8 MHz. The calcu-
lated signal/noise ratio for the communication signal
is about 30 for a 0.7-m telescope.

Conclusions. A laser communication system was
developed for space-to-ground laser-link experi-
ments between the ARTEMIS satellite and optical
ground-based station in Kyiv. The main elements of
the system were implemented into the technology
platform located at the Cassegrain focus (F = 10.5
m) of a 0.7-m astronomical telescope. The first laser
experiments with the ARTEMIS satellite were per-
formed. The OPALE Ilaser terminal of ARTEMIS
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performed spiral scanning of the MAO optical
ground-based station. The receiving system detected
the beacon during all the period while the beacon was
operating (6 min for every time). We assume that it
was the scattering of the laser beam by atmosphere
aerosol particles. The first maximum of the beacon
signal was received within 15 s after turning on the
beacon. The second maximum was received within
19 s after turning on the beacon. This situation re-
peated 3 min later. The mean deviation of the beacon
beam position during the beacon scan was X = 0.56
arcsec and Y= 0.69 arcsec. The signal/noise ratio for
the maximum beacon signal was 5.9 x10* for an ex-
posure of 0.05 s of the CCD tracking camera. The ex-
pected signal-to-noise ratio for the communication
signal is about 30. Signals are suitable for performing
laser link experiments with the ARTEMIS satellite.
The investigation was carried out according to ESA
ESTEC contract Ne 19861 and with a financial sup-
port of NSAU.
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PEAJIIBALIA JIASBEPHUX EKCITEPUMEHTIB
T'EOCTALHIOHAPHUM CYITYTHUKOM
€KA ARTEMIS

Po3pob6ieHo y1azepHy KOMYyHIKalliiHY CHUCTEMY JUIsI €KCIle-
PUMEHTIB MixX reocrauioHapHuM cynyTHUKoM ARTEMIS
(rosoxeHHs1 Ha opOiTi 21.5° ¢. 1., Haxua opOith 7.2°) i Ha-
36MHOI0 ONTUYHOIO cTaHlielo B Kuesi. ['00BHI eneMeHT
CHCTEMHM BOYIIOBAHO B TEXHOJIOTIYHY IJIAT(OPMY, pO3TAILIO-
BaHy y okyci Kaccerpena (F= 10.5 m) 70-cM acTpoHOMiU-
HOro Tesieckora. Po3po0ieHo cucteMy HaBeIeHHS i KOpeKIIii
PYyXy TejiecKorna JUisl CyITPpOBOIKEHHST HeCTabiJIbHUX reocTa-
LHIOHApHUX CYMYTHUKIB. Jla€ThCSl KOPOTKUIA OMHUC JIa3epHOTO
TepMiHaJTy HAa3eMHOTO TeJIECKOIIA i pe3yIbTaTh TePIIUX TeC-
TyBaHb JJa3¢PHOT0 Masika CYITyTHUKOBOTO JIa3¢PHOTO TepMi-
Hay.
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