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INTRODUCTION

The recent collision between Iridium 33 and Cosmos 2251 has shed some
doubt on the space surveillance community’s ability to predict and/or report
potential collisions between satellites currently orbiting the Earth.

Press releases issued by the parties directly involved have been
especially informative as to the current ability of space surveillance institutions to
effectively warn the satellite industry of impending collisions. In some cases,
these press releases have suggested who might be liable for the collision.

Before attempting to determine responsibility, liability and fault for satellite
collisions, specific collision scenarios should first be defined.

The satellite industry could spearhead research and development into a
private satellite tracking infrastructure that could be used for studying tracking
inactive payloads, satellite conjunctions and, most importantly, conjunction
reporting.

Canadian Satellite Tracking and Orbit Research (CASTOR) has designed
and implemented its own research project to determine the number of satellites
that can be optically detected using retail telescopes and CCD cameras.
CASTOR has successfully detected over 2,500 individual satellites from all orbit
types, including most of the fully intact payloads such as (pre-collision) Iridium 33
and Cosmos 2251.

Throughout this paper, unless otherwise noted, the term “NORAD” will be
used to represent U.S. space surveillance.

This paper is based on the author’s experience since May 1997 with
respect to optical satellite tracking as well as his direct experience with the
American space surveillance community. This paper does not accuse any of the
parties mentioned herein of any wrongdoing with respect to the Iridium 33 —
Cosmos 2251 collision. This paper does not presume to know the intricacies of
space law or any internal legal matters with respect to any member of the
satellite industry.



ABOUT CASTOR

Canadian Satellite Tracking and Orbit Research (CASTOR) is a private
business specifically created to research the feasibility of using optical satellite
tracking facilities to detect and track orbiting satellites for the private sector.

CASTOR is based on expertise gained from 12 years of practical optical
satellite tracking experience, including the design, construction, testing and
operation of remotely controlled and automated optical satellite tracking facilities.

CASTOR has been detecting satellites from all orbit types (LEO, MEO,
GEO and HEO) since January 1, 2007. At the present time, CASTOR has
successfully detected and catalogued over 2,500 unique satellites, consisting of
1,142 Low-Earth Orbiting (LEO) satellites, 745 Mid-Earth Orbiting (MEO)
satellites, 586 Geosynchronous (GEO) satellites and 21 High-Earth Orbit (HEO)
satellites.*®

CASTOR's services currently include:

1) Routine tracking of inactive payloads and spent rocket stages,

2) Emergency optical satellite tracking for payloads that suddenly become
inactive and cannot be tracked with TT&C facilities,

3) Professional consulting for the design, construction, testing and
operation of an optical satellite tracking facility,

4) Developing useful strategies for conjunction analysis and reporting.
The images and tracking data that CASTOR has collected has been used
to develop a separate catalogue from NORAD'’s. The CASTOR Satellite
Catalogue (CSC) contains satellites that can be detected with commercial off the

shelf telescopes and CCD cameras.

CASTOR is currently pioneering the development of the emerging science
of satellite tracking for the remainder of the 21 century and beyond.
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FOOTNOTES

“Iridium network patched after collision in space”: Reuters: February 13,
20009:
www.reuters.com/article/technologyNews/IdUSTRE51D08B20090214

“Satellite crash prediction is plagued with uncertainty”: NewScientist:
February 13, 2009:
www.newscientist.com/article/dn16592-satellite-crash-prediction-is-
plagued-with-uncertainty.html

“U.S. Warns of Space ‘Dodgeball’ After Satellite Crash”: Reuters:
February 12, 2009:
www.theepochtimes.com/n2/content/view/11901/

“Cartwright: US Must Better Sat Awareness”: DoD Buzz: February 12,
20009:
www.dodbuzz.com/2009/02/12/cartwright-us-must-better-sat-awareness/

“U.S., Russia seek cause of satellite collision”: Xinhua News Agency:
February 13, 2009:
http://news.xinhuanet.com/english/2009-02/13/content_10813439.htm

“The United Nations Treaties and Principles on Outer Space”: Section C:
“Convention on International Liability for Damage Caused by Space
Objects” 1972: Atrticle II:
www.oosa.unvienna.org/pdf/publications/STSPACE11E.pdf

“The United Nations Treaties and Principles on Outer Space”: Section C:
“Convention on International Liability for Damage Caused by Space
Objects” 1972: Article I, section (a):
www.oosa.unvienna.org/pdf/publications/STSPACE11E.pdf

“The United Nations Treaties and Principles on Outer Space”: Section C:
“Convention on International Liability for Damage Caused by Space
Objects” 1972: Article I, section (c):
www.oosa.unvienna.org/pdf/publications/STSPACE11E.pdf
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The Satellite Encyclopedia: Cosmos 2251
www.tbs-satellite.com/tse/online/sat_cosmos_2251.html

The Satellite Encyclopedia: Iridium 33
www.tbs-satellite.com/tse/online/sat_iridium_33.html

“The United Nations Treaties and Principles on Outer Space”: Section C:
“Convention on International Liability for Damage Caused by Space
Objects” 1972: Article V, section 1:
www.oosa.unvienna.org/pdf/publications/STSPACE11E.pdf

“The United Nations Treaties and Principles on Outer Space”: Section C:
“Convention on International Liability for Damage Caused by Space
Objects” 1972:
www.oosa.unvienna.org/pdf/publications/STSPACE11E.pdf

Iridium LLC Presentation: Jeffrey White: March 21, 2009: Page 8

www.eurocontrol.int/nexsat/gallery/content/public/Steering%20Group/Meet

ing10/IRIDIUM_JeffWhitePresentation32109.pdf

“Satellite crash prediction is plagued with uncertainty”: NewScientist:
February 13, 2009:
www.newscientist.com/article/dn16592-satellite-crash-prediction-is-
plagued-with-uncertainty.html

“Billiards in Space”: Brian Weeden: February 23, 2009: Page 2
www.thespacereview.com/article/1314/2

“The United Nations Treaties and Principles on Outer Space”: Section C:
“Convention on International Liability for Damage Caused by Space
Objects” 1972: Article lI:
www.oosa.unvienna.org/pdf/publications/STSPACE11E.pdf

“The United Nations Treaties and Principles on Outer Space”: Section C:
“Convention on International Liability for Damage Caused by Space
Objects” 1972:
www.oosa.unvienna.org/pdf/publications/STSPACE11E.pdf
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Space Track: The Source for Space Surveillance Data: Satellite Box
Score: 01:05:57 GMT May 28, 2009

“USA 193 Post-Shootdown Analysis™: Celestrak.com: May 26, 2009
http://celestrak.com/events/usa-193.asp

“The United Nations Treaties and Principles on Outer Space”: Section C:
“Convention on International Liability for Damage Caused by Space
Objects” 1972:
www.oosa.unvienna.org/pdf/publications/STSPACE11E.pdf

“Billiards in Space”: Brian Weeden: February 23, 2009: Page 2
www.thespacereview.com/article/1314/2

Ibid.

Ibid.
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(CASTOR): Page 8:
www.castor2.ca/08 Papers/collision.pdf
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GLOSSARY OF ABBREVIATED TERMS
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R &D: Research and Development

R.A. Right Ascension

RF: Radio Frequency

sec: seconds

TLE: Two Line Element

TT&C: Telemetry, Tracking and Control
UCT: Un-correlated Target

UN: United Nations

u.S. United States

U.S.A. United States of America

USNO: United States Naval Observatory

U.S.S.R. Union of Soviet Socialist Republics

UTC: Universal Time Coordinate
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