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Satellite Tracking by Sharjah
Optical Observatory
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The collision of two communications satellites on February 10,
2009 has significantly increased the risk of satellites’ collision.
The absolute risk remains small, but there were seven ‘near
misses’ last year in which objects passed within 200 meters of
the satellites (Brumfiel, 2009)

The methods of tracking close Earth satellites can be divided
into three main groups: radio, radar and optical. All three
methods have their merits and defects, and each can sometimes
outdo both the others; so, overall, they complement each other
and are not in cut-throat competition. (KING-HELE, 1967).

Optical tracking differs in its techniques from radio and radar
tracking, partly because of the difference in wavelength, but
also because most of the Sun's energy is emitted as light.
Sunlight has dictated the whole course of biological evolution,
not only through its control over climate but also because it has
made us develop eyes rather than aerials in our heads. Since
sunlight is so strong, we can detect even the tiny fraction
reflected from a satellite to a particular eye or camera on the
ground, provided the sky background is dark; so optical
tracking does not have to rely on man-made radiation, like
radio and radar (KING-HELE, 1967).

Moreover optical tracking includes all optical techniques that
can provide information on the position of a satellite. (VEIS,
1963)

The great virtue of optical methods is that observations of good
directional accuracy can be obtained with relatively little
trouble and expense, and the main defect is, of course, that
daylight or clouds ruin the observations. (KING-HELE, 1967).
In this article we focus on the optical tracking of the satellite.
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Visual methods of tracking:

1- Astronomical Telescopes:
Satellites can, of course, be photographed with the aid of
astronomical telescopes. The main difficulty is that these
telescopes have very small fields of view, perhaps 10’ to 30°.
This difficulty can be overcome, however, as is shown by the
work done many of observatories. These observations can be
just as accurate as those from cameras designed for satellite
photography (KING-HELE, 1967)

Theodolites

The use of Theodolites, like kinetheodolites, yield observations
relative to the Earth, in terms of azimuth and elevation
(altitude). In its simplest form a theodolite is merely a small
telescope mounted on a stand and with scales indicating
elevation and azimuth. The observer watches the satellite,
times it with a stopwatch at the moment when it crosses the
intersection of the crosswires in the center of the field of view,
and takes the reading of the scales at this time (KING-HELE,
1967)

Observations relative to the star:

Most visual observers prefer to make observations relative to
the stars. This is undoubtedly the simplest and cheapest of
methods of observation and can give good directional
accuracy. The best observers achieve a directional accuracy of
1'to 2. The eye is also a very keen detector of light, so that
with quite small 7 x 50 binoculars the visual observer can rival
the large camera or the large radar in detection capability.
Analysis of these observations has shown that the best
observers achieve an accuracy of about 0.1 sec in time and 1'
to 2' in direction (KING-HELE, 1967). These directional
accuracies are quite accurate enough to determine good orbits.
The main snags about visual observations so far have been that
there are not enough on any satellite and their poor coverage of
the orbit. Visual observers with 11 x 80 binoculars or 5 in.
telescopes can see satellites down to magnitude 9 or sometimes
10, and larger telescopes allow observation of even fainter
satellites. (KING-HELE, 1967)

Sharjah Optical Observatory (Satellite Tracking):

As of Sept. 1, 2021, there are 4,852 active satellite
orbiting Earth with 27,000 objects above 10 cm in diameter
that act as Space Debris. Many active satellites for
Broadcasting Television, Telecommunication and GPS are
crowding Earth's geostationary orbit which raises a
recurrent high demand of area to launch new satellites. The
main goal of these observations is to acquire accurate
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positional measurements of the satellites by using the
astrometric method. We achieve that by a performing a
comparison of the positional measurements of the satellite the
with the positional measurements of a well-known reference
stars.

The satellites observed by the Sharjah Optical Observatory
(SOOQ) are at low, medium, and high Earth orbit and a second
Lagrange point.

The observatory used three observational approaches for
monitoring the satellites:

1) Satellite trail: fixating the telescope on the background
stars which causes the satellite to produce a trail

2) Star trail: fixating the telescope on the satellite which
causes the background stars to produce trails

3) Video tracking: recording a raw video directly from
the telescope as it follows the satellite's motion.

Using these methods, Sharjah Optical Observatory (SOO) has
recorded astrometric data of many satellites like:

(SO0) s rad! dB)Ladl duoye e I dxeluall Hla3Y! Cilylue g9
© Lty Jlog baugiog (ahsie 9231 jldo § oo Lo Lghed Bl UM
2 heY dhads ) dxiy 989 oy G 95l Lo

S8Vl ey ds) Gyl B o sall pusinl @
e luall

Jrms Low 4l gl e O gSat)l ol 1 sliall adll jlans (1
laws gy £lisall yadll
& s Lo (Sl podl] e sSdt)] Copsld tpgmdl Olylins (2
Ll p gl Ollune Hoels
Aals I OS] (o rdilaa 9 yains 50d Jrzeadd 1gaddll 25 (3
(Fluall pedll a8y
(SO0) Gradl B)Ladl wope e ¢ ALl Gylall oda plusuiwl
sl 8 el 1 dasliall HLadYI (pe ydald ESUAI Ul Jaeaadly
T aJWl
Gbad)l bls OgSluds )
GPS BIlI-2 (PRN 18) -0002 ‘:,QJLJ aogaill ya8 Y
VLW LAY

Star trail

L]
Hubble Space Telescope

ALThuray Satellite

-
Star HD199283

1) Hubble Space Telescope

2) GPS BIII-2 (PRN 18)-0002

3) Al-Thuraya satellite
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