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The Phase Transfer System for the Scientific Satellite HALCA
at the Usuda Ground Station

By

Haruto Hirosawa*, Norivuki Kawacucur™*, Zen-ichi Yamamoro®, Kazumi Sagawa’'®,
Yu-ichi Masupa®'', Hideyuki Kopavasm®®, Yasuhiro Murata®, Hisashi Hirasavasur®,
Takeshi Mivasr*®, Takaji Karo®, Tsutomu Icuikawa®, Mitsuo Yamapa®,

Kenta Fusisawa'’, Kouzaburo Inoue®, Mitsuru Icamkawa’®, Seiichi Omasar**”’,

Yukinobu Naxamizo®**, Souichi Martsumoro' and Takumni Saron’

Abstract: The phase transfer, supplying an extremely stable frequency-reference
signal to spacecraft by a radio wave from ground, is one of the key technologies
necessary for realizing space VLBI (Very Long Baseline Interferometry), This
paper presents the phase transfer system for the scientific satellite HALCA (the
name before the launch was MUSES-B) which was launched in 1897 by the Institute
of Space and Astronautical Science (ISAS) and has become the first space VLBI
satellite of the world. The phase transfer for HALCA is performed by using a
two-way Hnk, composed of a 15.3GHz ground-to-satellite link and a 14.2GHz
satellite-to—ground one. A ground system for the phase transfer has been devel-
oped at the Usuda Deep Space Center of ISAS with such functions ast (1)
Transmitting the up-link signal which frequency is Doppler-compensated such
that the frequency becomes exactly 15.3GHz at the spacecraft, (2) receiving the
downlink signal which has been transmitted from the spacecraft with the fre-
quency of 14.2GHz keeping its phase coherent to the received up-link signal, and
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(3) detecting the loop phase and the two-way Doppler freguency shift from the
received down-link signal, Great cares have been paid for achieving high phase
stahility in the design of the total system, each equippment and the circuits, of
the ground station. A loop test at the Usuda station, using a satellite simulator,
has shown that the ground system well satisfies the coherency requirement. For
HALCA in the orbit, the phase transfer from the Usuda station has operated
satisfactory, attaining phase stability necessary for the space VLBI observations
under the VLBI Space Observatory Programme (VSOP).
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