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THE ONBOARD EXPERIMENTAL EQUIPMENT OF ENGINEERING
TEST SATELLITE-VI (ETS-VI) AND THE EXPERIMENTAL
FACILITIES OF EARTH STATIONS

Preface

As the twenty—first century approaches, the manned space era unfolds. The first steps in the
development of space have been in satellite communications and broadcasting. Recently, the number
of applications has grown considerably. Activities in space now include earth observation,
astronomical observations, positioning, and navigational assistance. The use of space has helped
improve the quality of service in various fields and these improvements have come rapidly. The
first artificial satellite was small; Sputnik 1, launched in 1957, weighed a mere 84 kilograms. Now,
however, a satellite of several tons can be put into geostationary orbit.

The Engineering Test Satellite VI (ETS—VI) was developed in response to this world—wide trend.
[t 1s Japan’s first geostationary satellite in the two—ton class. This satellite was developed to
establish bus technology for large—size geostationary satellites stabilized in three axes; a technology
that will be indispensable in the twenty—first century. Various advanced experimental communica-
tions equipment will be installed in the ETS—VI. These will demonstrate the technological potential
of advanced satellite communications, a necessary part of the advanced information society of the
future.

The Communications Research Laboratory (CRL) of the Ministry of Posts and Telecommunica-
tions plans to install and test three kinds of experimental communications equipment in the
ETS—VI: S—band intersatellite communications equipment, O—band (millimeter wave band) satellite
communications equipment, and basic experimental equipment for optical communications. This
experimental program was developed from various types of research being pursued at the CRL. It is
the fruit of "bottom—up” proposals arising from the researchers themselves. This innovative and
advanced experimental program 1s designed to prepare us for the coming era of space
communications.

The purpose of the Engineering Test Satellite (ETS) series has been to test rocket efficiency and
establish bus technology. The development of mission equipment and satellite communications
technology has also been a fundamental aim. The CRL has conducted radio—wave link experiments
in the millimeter and micrometer wave bands using the ETS—II satellite launched in March, 1977.
Successful results were also obtained in experiments on satellite tracking by optical transmission
using the ETS—III, which was put into orbit in September, 1984. The ETS—V, launched in August,
1987, yielded successful results in experiments on communication with mobile objects, such as ocean
vessels, aircraft, and automobiles. The CRL has also developed a low—cost ground station and has
demonstrated its potential for use at remote medical-treatment and education facilities throughout
the nations of Asia and the Pacific region. The present ETS—VI is not only based on work from the
earlier ETS satellites; it also incorporates the findings from a variety of communications and
radio—wave propagation experiments. These have involved the medium—capacity experimental
communications satellite (CS), the medium—capacity experimental broadcasting satellite (BSE) and
the subsequent CS series. Other important sources of research results and experience were
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development of an experimental geostationary communications satellite (ECS) mainly for satellite
communications in the millimeter wave band, experiments using optical transmissions for the GMS
meteorological satellite and experiments on optical tracking wusing the experimental geodetic
satellite (EGS).

The S—band mission of the ETS—VI will let us test an onboard model using a multi—beam phased
array antenna. This model was developed by applyving proven research results. This will enable us
to conduct Japan’s first inter—satellite data relay test. The outcome will help develop practical uses
for data relay satellites in the future. The S—band communications equipment was co—developed by
the CRL and National Space Development Agency of Japan (NASDA). In contrast to that of the
Tracking and Data Relay Satellite (TDRS) system used in the United States, a progressive on—board
beam formation system was developed that effectively utilizes feeder—link frequencies and electrical
power.

The millimeter—wave mission envisions development of new frequency bands to come after the
ETS-II and ECS programs. This is to accommodate the anticipated growth and diversification of
satellite communication demands. Unfortunately, experimentation with the ECS satellite was not
possible, as the satellite failed to attain a geostationary orbit. Despite this, a 43/38GHz frequency
band is to be developed for the ETS—VI program, which is higher than the frequency band for the
ECS proposal (35/32GHz). The ETS-VI project is an aggressive move towards developing
large—capacity inter—satellite communications and achieving personal satellite communications in
millimeter waves.

The optical mission is aimed at developing applications for optical communications which will give
rise to the possibility of future high—speed communication between satellites. The optical
communications equipment installed in this satellite 1s unique: the device employs a semiconductor
laser and i1s small and lightweight, yet it will let us test a high—precision acquisition—tracking
technology and a point—ahead technology. These tests are critical for developing optical
communications. The optical equipment will also be able to relay ground telecommunication signals
back to earth.

The S—band and millimeter—wave experiments will involve our Kashima Space Communications
Center of the Kanto Branch, which 18 equipped as a feeder—link ground station, and a simulated
satellite station. The optical communication experiment will be performed with the large—telescope
system at Koganei headquarters of CRL.

[ hope that the results of these experiments will further the progress of space—communications
technology, not only towards the primary goal of improving global service, but also towards the
establishing basic communications technology necessary for new space age. This technology will
advance progress towards manned space stations, lunar exploration, and the Mars expedition, by
making it possible to establish basic global networks capable of links through space via optical and
radio waves.

Nine vears have already passed since we began developing the equipment installed in the ETS-VI. In
fact, if the basic technology from the mission's birth is included, more than 15 years have passed.
Over such a long period, personnel changes and inherited work are an inevitable and natural part of
the research and development process. So, in closing, I would like to acknowledge the achievements of
the many researchers who are not listed as authors in this special edition.
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