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GEORGE PAPANICOLAOU P.I.
STANFORD UNIVERSITY

This AFOSR-DESI grant was awarded in August 2018 for research on ”Space surveillance
with correlation-based radar”. Along with the PI, George Papanicolaou, the research team
members were: Howard Zebker, Electrical Engineering Department, Stanford University,
Arlen Schmidt, Visor Corporation, Palo Alto, CA, Arnold Kim and Chrysoula Tsogka,
Applied Math Unit, University of California, Merced. This two year grant ended in October
2021, after a one year no cost extension.

Goals and Objectives

The main objective of this research was to to advance the theory of correlation based
imaging for synthetic aperture radar, especially for space surveillance of satellites, as well
as using real data from a conventional synthetic aperture radar setup that attempted to
assess the effect of using correlations. The experiments were designed and carried out by
A. Schmidt and the data analysis by Stacie Huang, a Stanford PhD student in Electrical
Engineering that graduated in June 2021. The theoretical objectives were to introduce
more effective methods for denoising and deblurring images, especially in connection with
satellite imaging.

Work Completed

Although the theory advanced quite substantially, especially in publications [3] and [8]
for satellite imaging, the experimental setup we used was limited to only two receivers and
this in turn limited severely the scope of what could be done with cross correlations. This
was a cost-based limitation since we could not afford a more elaborate, and more realistic,
receiver setup. Nevertheless the benefits of using correlations were demonstrated in [10],
which only covers a small part of the data and the calculations that were carried out. The
detailed description of the experimental setup and the data acquired are available from A.
Schmidt and the PI. The theoretical objectives were largely attained in publications [5]
and [9] as we describe next.

Results and New Findings

Regarding the theoretical part that involves image denoising, we point out publication
[5] where a new techniques is introduced, the noise collector, that allows dealing with a
much higher level of noise in images than was expected before. The noise collector attempts
to estimate the noise in the image, that is, to image it as well before removing it. This

1

DISTRIBUTION A: Distribution approved for public release.



2 GEORGE PAPANICOLAOU P.I. STANFORD UNIVERSITY

is a new and perhaps counter-intuitive idea, to the best of our knowledge, that might at
first appear to be computationally too costly and hence prohibitive but in fact it is not as
is shown in [5]. The noise collector technique is extended to correlation based imaging in
[9] in a surprising way because at first it appears that all calculation are now to be carried
at the square of the size of the image, a completely unrealistic prospect computationally.
But again we show in [9] that the level of computation needed is comparable to that of
the usual correlation based imaging. And now the noise level that can be tolerated and
removed is much higher. A lot more can be done in this area and this is now research in
progress. In satellite imaging we showed in [8] how to image the rotation of low earth orbit
satellites in an effective way. Here too a lot more can be done, especially when dealing
with constellations of satellites and relatively high noise levels.

Impact

The main impact of this research is in theory at this time, paper [8] for satellite rotation
estimation and [5] for denoising strong noise effects. But the noise collector ideas and
techniques are likely to have much wider impact as we show in [9]. Impact will also come
from using these techniques in connection with large constellations of satellites as they are
used in communications at this time, and in imaging in the near future.
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