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Space debris has been recognized as a serious danger for operational spacecraft and
manned spaceflights. Discussions are made in the methods of high order position precision
and high detecting efficiency for space debris, including the design of surveying strategy, the
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extraction of object centroid, the precise measurement of object positions, the correlation
and catalogue technique.

To meet the needs of detecting space objects in the GEO (Geosynchronous Orbit), and
prevent the saturation of CCD pixels with a long exposure time, a method of stacking a
series of short exposure time images is presented. The results demonstrate that the satu-
ration of pixels is eliminated effectively, and the SNR (Signal Noise Ratio) is increased by
about 3.2 times, the detection ability is improved by about 2.5 magnitude when 10 seriate
images are stacked, and the accuracy is reliable to satisfy the requirement by using the mean
plate parameters for the astronomical orientation. A method combined with the geometrical
morphology identification and linear correlation is adopted for the data calibration of IADC
(Inter-Agency Space Debris Coordination Committee) AI23.4. After calibration, 139 track-
lets are acquired, in which 116 tracklets are correlated with the catalogue. The distributions
of magnitude, semi-major axis, inclination, and longitude of ascending node are obtained as
well.

A new method for detecting space debris in images is presented. The algorithm sets
the gate around the image of objects, then several criterions are introduced for the object
detection, at last the object position in the frame is obtained by the barycenter method and
a simple linear transformation. The tests demonstrate that this technique is convenient for
application, and the objects in image can be detected with a high centroid precision. In the
observations of space objects, the shutter of camera is often removed, and the smear noise
is ineluctable. Based on the differences of the geometry between the stars and the smear
noise, two operators of the mathematic morphology are presented to resolve this problem.
Tests carried out indicate that the smear noise can be removed effectively, and the detection
rates of the objects and stars are improved distinctly. Due to the relative movement between
space debris and background stars, the blending of objects and stars is ineluctable. In view
of the geometric differences between the stars and the objects, a technique for separating the
blended objects based on the mathematical morphology is presented. It’s sufficiently flexible
to be applied, and the blended images can be separated effectively with a high degree of
centroid precision.

Here we present an automatic technique which optimally detects and measures the
sources from the images of optical space debris observations. Tests demonstrate that the
technique performs well from the point of view of the fast and accurate detection. An auto-
matic image reconstruction method is also presented, the variable structural elements along
multiple directions are adopted for the image convolution, and then all the corresponding
convolved images are stacked. With this method, the position accuracies of background
stars are improved distinctly.

A technique based on the Lucas-Kanade algorithm is presented to detect the GEO ob-
jects between two short exposure time frames automatically. The experiments demonstrate
that this method works effectively and robustly, the displacement precision of object images
is about 1073, and the computing time is less than 0.1 s.



