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INTRODUCTION

The first Japanese geostationary
satellite, Engineering Test Satel-
lite Type-II (ETS-II: KIKU-2) was
successfully launched from Tanegash-
ima Space Center using N launch vehi-
cle by the National Space Development
Agency of Japan (NASDA) on February
23rd, 1977 and stationed at 130°E of
geostationary orbit on March 5th,
1977. On this satellite, propagation
experiment transmitter (PET) has been
installed in compliance with the re-
quest of Ministry of Posts and Tele-
communications to investigate the
propagation characteristics of milli-
meter and quasi-millimeter wave along
the earth-space link. This propaga-
tion experiments are closely related
to the following communication exper-
iments using the Experimental Commu-
nication Satellite of Japan (ECS),
in which millimeter wave band is
planned to be used. The satellite
ETS-II has been controlled and moni-
tored by NASDA using the VHF tele-
metry and command.

PET transmits three frequency radio
waves of 1.7, 11.5 and 34.5GHz which
are originated from a single crystal
oscillator by multiplications of 96,
648 and 1944, respectively. These
three frequency signals are, there-
fore, phase coherent to each other.

Using these signals, microwave
propagation experiments have been
conducted by the Radio Research La-
boratories (RRL) since early May,
1977. The examples of such a high
frequency propagation experiment are
only ATS-5(1], ATS-6{2] and COMSTAR
[3] project and this ETS-II project
may give further valuable information
on earth-space propagation of milli-
meter and quasi-millimeter wave.

RECEIVING FACILITIES
Three frequency signals from ETS-I1I
are received by a 10mg modified
Cassegrain antenna. This antenna was
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designed and constructed carefully
for providing the high accuracy for
reflector surface. Surface rough-
ness of the main reflector was meas-
ured as 0.172mm rms at 90 degrees
and 0.237mm rms at 45 degrees of
elevation angle. Feedings of 34.5
GHz and 11.5GHz band are made
through four-reflector beam wave-
guide with multi-flare horn as a
primary feed. Dual polarization
characteristic is provided to re-
ceive the co- (left hand circular)
and cross- (right hand circular)
polarization to measure the cross-
polarization discriminations, which
are affected by the rain-filled me-
dium of propagation at such high
frequencies. 1.7GHz is fed by the
eight-element ring array of herical
antennas located around the beam
waist of the Casseqrain antenna.
The diameter of this array has been
chosen as the result of a compromize
between the loss of aperture effi-
ciency at 1.7GHz due to the spill-
over from the subreflector and the

Fig.l 10mg earth station antenna.



loss of aperture efficiency at 11.5
GHz due to a blocking by the herical
antennas. )

The measured gains at the feeding
points are 69.0, 60.1 and 40.2dB at
34.5, 11.5 and 1.7GHz, respectively.
The cross polarization discrimina-
tions in the boresight direction at
34.5 and 11.5GHz are 32 and 33dB,
respectively.

The autotracking of the satellite
can be made at either 34.5 or 11.5GHz
by use of the TM_ . mode of a circular

. 1 <
waveguide. The grackxng frequency
can be chosen automatically in accord-
ance with the received field strength
or by manval commands. The outer
view of this antenna is shown in Fig.l.

The received signals (34.5GHz co-
and cross-polarization components,
34.5GHz tracking error signal, 11l.5
GHz co- and cross-polarization com-
ponents, 11.5GHz tracking error sig-
nal and 1.7GHz co-polarization com-
ponent) are introduced into frequen-
cy conversion sections, in which
all signals are translated into an
‘intermediate frequency of 140MHz with
maintaining the phase relationship
among them.

Receivers are prepared to measure
field intensities of co~ and cross-
polarization components at 34.5 and
11.5GHz, and of co-polarization com-
ponent at 1.7GHz. The receiver sys-
tem has adopted the phase-lock-loop
(PLL) technique with local oscillator
signal reproduced from the received
1.7 or 11.5GHz signal by using the
coherency of signals from ETS-I1I.
Therefore, this experimental system
operates under the supervision of a
single crystal oscillator installed
on the satellite. A wide dynamic
range of level measurements are a-
chieved over 35dB for the margin
under severe attenuations due to pre-
cipitations.

The phase differences between co-
and cross-polarization component at
34.5 and 11.5GHz are also measured
to investigate the influence of pre-
cipitations on propagation character-
istics. 1In addition, differential
phase shift between the received sig-
nals of different frequencies are
also measured by using the coherency
among them. By this technique, total
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Fig.2 Frequency conversion sections
(right) and Calibrator (left).

Fig.3 High sensitivity receivers
(right and middle) and antenna
control system (left).



electron content of the ionosphere
along the propagation path can be
measured without the influence of the
geomagnetic field[4].

The levels of cross~polarization
components are relatively measured to
those of the co-polarization components
by means of the AGC (automatic gain
control) technique.

Calibrations of the received signals
are made automatically by the command
from the data processing computer.

The outer view of the frequency con-
version sections and the calibrator
is shown in Fig.2. Fig.3 shows the
high sensitive receiver system and the
antenna control system.

RAIN RADAR

To investigate the propagation char-
acteristics of millimeter and quasi-
millimeter wave in relation to the
meteorological phenomena, especially
precipitations, the rain radar has
exhibitted the effective feature
which is avairable to measure distri-
butions of precipitations along and
around the propagation path. To com-
plete the propagation experiments
using geostationary satellites, the
specially designed rain radar has
been introduced at the Kashima Branch,
RRL. This radar is operated at 5.33
GHz with peak power of radiation of
250kw. Pulse width is 0.5usec and
radiation is made in 900pps. The
control of an antenna (3mg parabolic
reflector type) scanning is made by
the computer, with which data pro-
cessings of the radar are also made
to calculate the rainfall rates from
radar echo intensities. The data
modes are CAPPI (constant altitude
plan position indicator), RHI (range
height indicator), Pm (path along a
satellite and the Kashima earth sta-
tion) and Ps (path along a satellite
and a point other than Kashima).

The concept of these data modes is
shown in Fig.4, These data are rec-
orded on magnetic tapes, and also
displayed on a color CRT. Computer
control of the radar system makes
the various data collection functions
to be possible. The outer view of
the radar system is shown in Fig.5.

OTHER INSTRUMENTS
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In addition to the direct measure-
ments of the satellite signals and the
radar measurements of precipitations,
other instruments have been prepared
to investigate the correlations be-
tween the propagation characteristics
and the meteorological phenomena.
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Fig.4 Rain radar scanning mode.

Fig.5 Outer view of the radar sys-
tem.



These are 35.2GHz radiometer, guick
response rain gauge, tipping backet
rain gauge and other meteorological
instruments.

DATA PROCESSING SYSTEM

The all data obtained are collected
by the computer and recorded on mag-
netic tapes. The data on the satel-
lite signals are sampled in 200msec
interval. The quantization of the
level data is made to be 1ldB step.
The phase difference data are also
quantized to be 2 degrees step. The
radiometer data are recorded with
variable quantized level according
to the observed quantities. The dis-
tributions of rainfall rate along the
propagation path of the ETS-II and
the Kashima earth station are also
recorded, which are measured by the
rain radar.

The other data from meteorological
instruments are recorded on the same
magnetic tape in one minute interval.
In addition to them, the conditions
of the antenna and status signals are
written on the same magnetic tape for
the benefit of the following data
analyses.

The data recorded on magnetic tapes
are shown in Table 1.

CONCLUDING REMARKS
The ETS-II microwave propagation
experiments have been performed since
early May of 1977 and which will be
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Table 1. ETS~II Observation data.
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continued till early May of 1978.
The experimental facilities de-
scribed above are well functioned
and some valuable data have been
obtained not only for the tropo-
spheric effect but also for the
ionospheric effect on propagation
characteristics of microwaves.

The facilities of the earth sta-
tion (the antenna, the receiving
system and the data processing sys-
tem) are planned to be modified for
the following communication experi-
ments by use of the ECS of Japan
after the completion of the ETS-II
project.
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