Direction of Arrival Estimation with Automatic Caliblation System for SPS *

Masatoshi MATSUMOTO, Kozo HASHIMOTO, Hiroshi MATSUMOTO
Kyoto University
Gokasho, Uji-shi, Kyoto 611-0011

Abstract

In SPS (Solar Power Station), it is necessary to transmit microwave power generated in space to
a rectenna site on the Earth correctly by a beam control. To transmit microwave power from the
geostationary orbit to a rectenna site with a diameter of 2km on the Earth, the solar power satellite
has to be able to estimate a pilot signal direction of arraival (DOA) in 10~3~10~* degree of
accuracy. But, the difference of each pilot signal receiver characteristics causes an error in DOA
and it is serious in order to realize such high precision. Piece-to-piece variations of devices, secular
changes, and failure of equipments are cited as main causes of the difference. We have been
studying a method of estimating DOA with an automatic calibrating function, and it has turned
out that DOA estimation result is affected badly when the mean of phase errors which are added in
passing receivers is not zero. In this research, we develop a DOA estimation method which is not
influenced by such errors.

This DOA estimation method is a tecnique to eliminate the difference caused by the above errors
by using pilot signal receiving data for two directions. A constrained condition is that the angle
between the directions of the two signals is necessary. Moreover, two receiving data should be
required in a short time, not necessarily the same time. We simulated the case that the phase
errors added to receiving data are scattered at random within +£90 degrees. As a consequence, the
DOA estimation accuracy of 10~3 degree was acquired in the case that there were no errors in the
given angle between the two signals. If there is an error of 1km in the SPS altitude of 36000km, the
accuracy of 1072~1073 degree was acquired. Consequently, it is possible to detect the terrestrial
source of a pilot signal at pinpoint from a satellite on a geostationary orbit with this method, if
there are no problems in the positioning accuracy of a satellite.
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