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Survey and Risk Assessment of Near Earth Asteroids

ZHAO Hai-bin
(Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)

In 1994, 21 fragments of comet Shoemaker-Levy 9 impacted Jupiter with a velocity of
about 60 km/s, which is the first grand collision between celestial bodies observed by human
beings. The impact makes us informed definitely that the earth is faced with the small but
serious threat of Near Earth Objects (NEOs). Chinese scientists of Purple Mountain Obser-
vatory proposed a plan of Chinese Near Earth Object Survey (CNEOS) in the conference
on NEOs held in the building of the World Headquarters of United Nations, New York in
1995. This project started in 1998. During the past 7 years, CNEOS proceeded in selecting
observational site, manufacturing telescope and CCD detector, carrying out observation,
reducing mass data, and assessing impact risk from NEOs.

Will those so-called potential hazardous asteroids be the terminator of mankind? In
2007, NASA proposed the Spaceguard goal to detect, track, catalogue and characterize 90%
of the potentially hazardous objects with diameters greater than 140 m. This dissertation
reviews the current situation of research on asteroids and NEOs, which will greatly enhance
our understanding of the planetary sciences.

The project of CNEOS, including selecting observational site, manufacturing telescope
and CCD detector, had been put in practice since 1998. The telescope of CNEOS is a
1.04/1.20/1.80 m Schmidt telescope, equipped with a 4096 by 4096 CCD detector which
has drift-scanning function. In this dissertation, the advantage and disadvantage of drift-
scanning and corresponding observational method are discussed.

This dissertation discusses residential district of asteroids and distribution of visual
magnitudes of asteroids. As a result, we draw three principles of observational plan. This
dissertation also develops algorithms of pretreatment of astronomical image, extracting ob-
jects, and cross-identification, then discusses the methods of identifying and classifying of
move objects, establishes software to realize the reduction of the mass data. Until November
2007, CNEOS had found 332 new asteroids including an Apollo type NEO and a Jupiter-
family periodic comet. The observation quantity of CNEOS ranked the eighth among all
378 asteroid observation plans, and the accuracy of positional reduction was also quite well.

The dissertation carries out the research of dynamics of asteroids. A software on orbit
determination, differential correction, dynamical evolution and asteroid ephemeris is recon-
structed. This dissertation reviews the history of impact prediction theory, and covers the
linear techniques for analyzing encounters, consisting of precise orbit determination and
propagation followed by target plane analysis. The impact probabilities and risks between
three NEOs and the earth in 200 years are calculated.

In this dissertation, a set of numerical algorithms are built to discuss the observational
prediction of Northern Taurids under the effect of the lunar gravitational assembling in
2011. In addition, the earth satellite measurement, the lunar orbiter measurement and
lunar laser ranging measurement are used to constrain the intermediate-range gravity from
A=12x10"m ~ 3.8 x 10% m.



