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ITS FUN and REWARDING !




WHY DO IT

The Earth 1s in the middle of a huge rubbish dump
made by mankind as a result of 55 years of
launching satellites into space.

Currently approximately 17000 objects 10em or
larger BUT 150 million larger than 0.1 cm 1n otbit.

30000 objects per day come within 10 km of one
another .

Change of collision 1s 1/250, so 1if 1000 operational
satellites chances are that 4 or 5 will be damaged by
these objects.
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THE KESSLER SYNDROME
In a paper written as early as 1978
NASA scientist Donald J.Kessler
wrote
“debrii flux will increase

exponentially with time EVEN If
zero net input rate may be
maintained”
- some fear we have already
passed the point of no return




Professional Tracking

United States Space Surveillance network-
SPACETRACK — ONLY non-classified objects.
Data available to anyone after registering. Military

Russian Space Surveillance System — military - 75%
complete — not in public domain.

ISON — International Scientific Optical Network-
Keldysh Institute of Applied Mathematics,Russian
Academy of Sciences in Moscow only tracks objects
in geosynchronous orbit — data not in public domain
— ESA publication CLASSIFICATION OF
GEOSYNCHRONOUS OBJECTS once a year




International scientific optical network
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I Average-aperture telescopes (600mm and above)

I Wide-field average-aperture telescopes (400-700mm) I 55-“'
[ ] wide-field survey telescopes (220-250mm) &
B Small telescopes for follow-up observations (220-300mm)
[ | Telescopes for minor bodies observations

[ ] Telescopes in production
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'HI'SON IS an open international project started in 2004
for regular monitoring of the near-Earth space




Search and survey subsystem for the GEO
region: eleven 22-25 cm telescopes with FOV

of 3.5- 5.5 degree




OTHER COUNTRIES

Several countries operate tracking radars and include
the United Kingdom,France, Germany and Norway,
whilst several utilize telescopes but none of this data 1s
in the public domain.




AMATEUR — EARLY DAYS

The amateur tracking of artificial earth satellites began
in 1957 with the MOONWATCH tracking program
and continued until closed down 1n 1975 but several of
the more active amateurs still continued tracking
satellites purely for pleasure.

In the mid 80’s the United States ceasing 1ssuing
orbital data on sensitive satellites— this was a
challenge the amateur trackers ‘could not ignore — we
had to find those satellites and generate our own
orbital data from our observations!




In a fact sheet on SSA issued by
Brian Weeden of the Secure World
Foundation had this to say

“Although they are only loosely organizedithrough
the Internet the amateur observing community
represents a non-trivial SSA Capability. Some have
the capability to image satellites or detect radio
frequency transmissions. In particular they have
demonstrated the ability to routinely track classified
national security payloads from several countries.”




ISON-and AMATEURS

“ISON 1s a non-government organization , and they come
up with some of the most interesting stuff. ISON does not,
as far as anyone knows, withhold data -because of any
national security concerns. This 1s fairly ¢certain because
ISON work 1s monitored, and complimented by.the efforts
of amateur astronomers and orbital addicts who connect via

the Internet, and constantly scour the sky for new objects,
and movements of existing ones.

The Internet based amateurs are often the first to spot new
activity,mainly because they have more eyeballs, and in
some cases, impressive optical equipment, searching the
skies”

Quote - DEAD MAN FLOATING




Satellite Scorecard

As of 26 September, 2012 approx 38780 objects had been
catalogued by SPACETRACK of which 16761 appear in
their “public” catalog, the remainder either having decayed
or been “classified”.

After removing obvious debris one ends with 6615 objects
of reasonable size. This does not include classified objects.

The amateur network tracks 350 objects NOT found in the
SPACETRACK catalog so the catalog 1s missing at least
20% of the objects large enough to cause serious damage.
For satellite operators this 1s a major concern.

The amateur network 1s the only organization that makes
these elements freely available to ANYONE throughout the
year, so being called a “non-trivial SSA capability™ 1s
justified.




THE AMATEUR NETWORK

Optical observers = 22, radio observers =8
UNITED STATES - 7 (5 optical, 3 radio )
CANADA - 3 (3 optical, 1 radio)

UK -6 (4 optical, 2 radio)
FRANCE — 2 ( 2 optical, no radio )

NETHERLANDS - 2 ( 2 optical, no radio )
ITALY —1 (1 optical, no radio )
RUSSIA -2 (2 optical, no radio )
SWEDEN —2 (1 optical, 1 radio)
SOUTH AFRICA — 1 ( 1 optical, 1 radio)
AUSTRALIA -1 (1 optical, no radio )
Some members have both optical and radio capability




CLASSIFIED.TLE

This file contains orbital elements for about 350
objects not found in the SPACETRACK public
catalog. It is made up of about 200 objects in high
earth orbit, some as high as 50000 kms, and at
least 60 of these satellites are still operational. In
addition it includes 85 rocket casings and 25
objects that have not yet been identified with a
particular launch.

The remaining 150 satellites are in relatively low
orbits and include all manner of objects. It iS not
known how many are still operational, apart from
those that change their orbits from time to time.
It is necessary to track all these satellites |
frequently in order to detect any orbit changes |as
early as possible.
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MicrolLine M1.8300M

Y99 v AENA " Arrav i
3326 X 23-;! maaqing Array Size

AL 3.7 x 3.7 x 5inches the MicroLine is a small camera with
big camera capabilities. Each component of the MicroLine
camera is designed and manufactured for a long life in the
most demanding conditions. MicroLine download speeds are
fast yel maintain the 16-bit resolution necessary 1o pro-
duce high quality images. MicroLine achieves a minimum of
60° C sustainable cooling without water assisl. Simply set
the MicroLine cooling where you want it and the camera will
do the rest, quickly and without worries.

Specifications

Sensof KAF-B300
Array Size 3326 x 2504
Pixel Size 54 pm

l'ypical Mimmum Coohing

-60° C Below Ambient

:\f'r||i al Download Speed _;-!'; 16-bet

8 MHz (other speeds available)

Typical System Nose

B e- RMS @ 8 MHz

Ty <1%
fure Stability 01*C
Oiperating Environmenl -30% C - 45° C | 10% - 90% Relative Humidity
cor Manufacturas Kodak
Grades Available Standard
CCD Type Front Numinated
ColorMonochroma Monochrome
r\'1""_!fl Pmels B3
sensor Dmgonal 225
Linear Full Well 25,500 e
Typical Dark Curment <1 e-/pixelisec. @ -35° C
Anti Blooming 1000x
Available Shutters (Ophonal) 42 mm, 45 mm
Shutter MTBI 1,000,000
Remole Trggenng Standard
Poner 12v
Interface UsB 2.0

Oimensions

370%370 %477 (94 x 94 x 121.3)




TYPICAL OBSERVING SESSION

Switch on PC for GPS system to acquire lock

Generate predictions for planned session — 10 mins-
load data into CoSaTrak program - DOS

Remove dust bin- attach required optical assembly .

Connect power to mount and USB cable.

Start camera control program and allow ccd camera
to reach —30 deg C. Focus camera reasonably well

Refer to prediction list-select target-set on target
Take 1mages — 1,2 or 4 bin, exposures 0.5 to 30 sec
Good session 5-6 hours long subject to cloud/moon




PROCESSING 1

Good session 1200-2000 fits images to mag +15
Quick run through images—delete garbage ~ 20-30%

Depending on what imaged decides how measured.

If automatic processing all satellites in an 1image are
marked — sometimes 20-30 satellites if heo —geo

NO IMAGE PROCESSING of any kind
done,although sometimes automatic dead pixel
removal 1f using 6 inch Celestron.

[f automatic processing approx 8-10 seconds per
image. Time accuracy 50 ms, position accuracy sub-
G




PROCESSING cont

Process remaining images manually.
Put data into correct report format.

Run report through program to compare position
reported against predicted position to ensure correct
object.

Identify all objects in the field correctly-specifically
note unidentified or moved.

Post data to processing centers. Usually withinia few
hours the new updated elements based on these
observations are posted on the Internet.

1 hr observation produces ~ 2-3 hours processing




MORE RECENT ACTIVITIES

IMAGE satellite-JPL

STEREO mission - JPL

USA 193 2008

OMID (Hope)

DMSP F18 — Oct 2009 —United Space Allance

PLANET C—JPL—Venus Climate Orbiter —-May2010
EGYPTSAT 1 —Swedish Space Corp — July 2010
SUNSAT/SUMBANDILA optical — Nov 2010
PHOBUS-GRUNT Mars mission Nov 2011
ENVISAT —ESA May 2012




WHAT NEXT?

The amateur network needs to be expanded, ESPECIALLY
in the southern hemisphere. We cannot cope with the
number of satellites on our list so many.are observed

infrequently and sometimes lost until found.again which
takes time — eg the OFEQ satellites.

New good observers are RARE and some don’t stayathe
course.

All night automatic tracking- practical but how to cope with
the increased amount of data.

Increase interest by live streaming on say Google+. Not
practical in my case as internet connection 1s far too slow
and cannot handle data rate or amount of data.

This 1s a hobby — no money/time especially if still earning a
living.
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The Satellite Tracking group received an invitation to
present a paper describing “how we do it” to the Sept
2010 conference held in Hawan. All members declined
the invitation as we were not prepared. to tell them
how to put us out of “business?’ as the U.SuMilitary
made up a large part of the audience.

The invite was repeated 1n 2011 with the same result.







Some useful websites




