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FOREWORD

Since the United States launched the Earth Observation Satel-
lite LANDSAT-1 in 1972, the pace of development in the area of
earth observation from space has accelerated. Subsequently the
U.S. has launched various kinds of earth observation satellites,
and plans for earth ob rervation satellites are being made in Eur-
ope, Canada, India and other countries. The installation of
ground stations for direct reception from LANDSATs has proceeded
very quickly in various countries of the world. This is especi-
ally noticeable in the developing nations. Research concerning
analysis and utilization of satellite data is being carried out
widely in various cooperating countries under the sponsorship of
NASA, and attempts at partial utilization of the data are being
made. In this background, Japan has recognized the need of de-
veloping its own independent earth observation satellites, and
studies have been conducted for this purpose. It is urgently ne-
cessary that research and development based on the results of
these studies be expedited.
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I. Outline of the Earth Observation Satellite System
	

/2* -

1. Characteristics of Remote Sensing from Satellites

Remote sensing from earth observation satellites has the fol-
lowing characteristics when compared with that from aircraft.

(1) F wide area can be observed for a short time (data can be
obtained from an area of 185 x 185 km, when the satellite is at an
altitude of 900 km. This is 3,000 times the area covered by an
aircraft at an altitude of 3 kml

(2) The image information received is very accurate geometri-
cally (remote sensing information is very difficult to correct
when it a.s obtained by aircraft).

(?,) Repeated observation over a wide area is easy (systematic
data can be obtained for an organization which uses the system
often).

2. Structure of the Earth Observation Satellite System
	

/3

An earth observation satellite system is made up of earth ob-
servation satellites, ground receivers, a processing and storage
system, a distribution system, and an analysis and utilization
system. (See Figure 1.)

(1) The earth observation satellite
Earth observation information is collected by sensors and

transmitted to ground reception and processing stations.

(2) Ground reception and processing stations
The information is received and geometrical correctionc.

and annotations necessary for analysis are made.

(3) System for analysis and utilization
Information is extracted from the data (films, tapes, etc.)

received from the reception and process system and presented for
utilization.

* Numbers in the margin indicate pagination in the foreign text.
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3. Areas of Utilization of Earth Observation Satellite Data

Table 1 gives an outline of the areas of use of earth obser-
vation satellite data according to research done for several
countries.

TABLE 1. OUTLINE OF THE AREAS OF UTILIZATION OF DATA FROM EARTH /7
OBSERVATION SATELLITES

Area	 Purpose for which used

Oceanic	 For observation of water color, sea ice, salinity,
waves, tsunami, high tides, surface water tempera-
ture, surface water salinity, oil slicks, substances
suspended in the water, and the water depth in
shallow seas.

Agriculture	 Crop determination, estimates of production, clas-
sification of soil, irrigation planning, grazing
control, investigation of water damage to agricul-
ture, observation of damage by pests and disease.

Forestry	 Investigation of forest resources, investigation
of forest and forestation distribution, observa-
tion of forest fires, and observation of damage to
forests by pests and disease

Land	 Preparation of classifications for land use
utilization

3eological,	 Mineral prospecting, petroleum prospecting, in-
underground	 vestigations of volcanoes, investigations of earth-
resources	 quake zones, geothermal investigations, investiga-

tion of wind and water erosion, rock investigation,
structural investigations and preparation of geo-
logical maps.

Water	 Preparation of snow distribution maps, investiga-
resources	 tion of surface water distribution, investigation

of water in soil, investigation of flooded areas
and investigation of underground water.

Environment	 Investigation of pollution in the atmosphere, in-
vestigation of ocean pollution, investigation of
urbanization, and evaluation of wildlife areas.

Meterological Investigation of smog dispersion, investigation
of the effects of industry on the weather, investi-
gation of gravity in the lower atmosphere, research
in atmospheric radiation and investigation of
tornados.



(TABLE 1 continued)

(Area)	 (Purpose for which used)

Disaster	 Preparation of flood danger maps, investigation of
prevention the amount of water in dam basins, observation of

the change of ice in rivers, preparation of earth-
quake warning maps, investigation of droughts, ob-
servation of grass and forest fires.

ion	 /9

1. Trends Concerning Earth Observation Satellites

In the 1970's the United States has launched with great suc-
cess the resources investigation satellites LANDSAT-1 and 2 for
the purpose of gathering information concerning land areas and the
weather satellites NOAA-3, 4 for the purpose of weather observa-
tion. The United States plans to continue through the 1980's,
launching LANDSAT-C, LANDSAT-T-D and SEOS for the purpose of col-
lecting information concerning land areas. In addition, the U.S.
intends to launch the SEASAT series for the purpose of collecting
information concerning ocean areas.

In countries outside the U.S., work on the development of
earth observation satellites is proceeding at a fast pace.

Tables 2 and 3 give an outline of the essentials concerning
the earth observation satellites of the various countries and the
launching schedules.

2. Trends Concerning Ground Communications

Along with plans for earth observation satellites, the in-
stalla.ion of ground stations for direct reception and processing
of data from the satellites is proceeding rapidly in many coun-
tries. Information concerning the installation of these stations
is given in Tables  and 4. 	 /10

Also, in the Science and Technology sub-committee of the
United Nations Committee for the Use of Outer Space for Peaceful
Purposes, exploratory studies are being made for the establish-
ment of international local and control centers for the reception
of remote sensing data. According to these studies, it will be
necessary to establish data reception centers in 14 countries,
including Japan.
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III. Particulars on the Status of Research andInvesti ation in 	 /31
Japan in Connection with Earth Observation Satelli es

1. Participation in Research and Analysis of Data from American
Earth Observation Satellites

After the United States launched an earth observation satellite
in 1970, all countries of the world were invited to participate in
analytical research on data obtained from satellites. In accor-
dance with this invitation, in Japan in December of 1970, an "In-
vestigative Council concerning the Technical Interpretation of Re-
source Satellite Data" was established in the Research Coordina-
tion Bureau of the Science and Technology Agency with specialists
from government organs and universities as members. Research
themes were selected by this council, and research carried out (see
Table 5).

In participating in this research, it gradually became clear that
earth observation satellite data was useful to Japan.

logy for the Utilization of Remote Sens-

The things most necessary for analyzing LANDSAT data are
photograph interpretation technology using optical equipment, di-
gital information interpretation technology suitable for quanti-
tative analyses, and ground collation with aircraft and land sur- /32
veys in order to recognize what is expressed by the satellite
data. Recognizing this, the Science and Technology Agency con-
ducted "composite research for the development of technology for
the utilization of remote sensing information'during a 3-Year
period from 1973 using funds for special research. Subsequent to
this, from 1976, there is a 3-year plan in effect for carrying
out "composite research on methods of collecting remote sensing
information, on processing data, and on methods of interpreta-
tion;' which is research concerned with the development of data
correction technology. Then, from 1977, a 5-Year plan of re-
search and development will be continued on "Oceanic remote sens-
ing technology," which will be concerned with the optical charac-
teristics of sea ice.

In addition, government organs and civil organizations have
recognized the usefulness of remote sensing information and ana-
lytic research in proceeding from the point of view of agricul-
ture, land use, underground resources, geological topography,at-
mospheric resources, weather, observation of the environment and
other fields.

14



TABLE 5. PARTICIPATION IN THE ANALYTIC RESEARCH OF AMERICAN
EARTH OBSERVATION SATELLITE DATA

Satellite Research plan Japan's research theme

LANDSAT-1

Sky lab

LANDSAT-2

ERTS-1 1- Investigation of Japan's environ-
(1972-74) mental patterns

2- Research concerning medium-scale at-
mospheric phenomena, winter monsoon
clouds, and snowfall

EREP plan 1- Investigation of changes in Japan's
(1972-74) environmental patterns

2- Research concerning medium scale at-
mospheric phenomena, winter monsoon
clouds and snowfall
3- Effect of ice in the Okhotsk Sea on
the Oyashio Current

ERTS -	 Investigation of changes in Japan's en-
follow-up	 vironmental patterns

plan (1975- ) 1) Research on soil erosion caused by
the melting of soil water in Hokkaido
in late spring
2) Establishment of ecological indica-
tors of change in environmental condi-
tions by observing local vegatation
cover and its condition of growth
3) Putting into practical use space	 /37
data for confirming environmental
changes in coasts and off-shore areas

a- Preparation of topographical maps
showing features of coastal areas
changed by sedimentation and erosion

b- Determination of coastlines
c- Investigation of the process of

transformation in the oceans caused by
interfering actions of man in the
natural environment

d- Observation of the flow patterns
of rivers and polluted water entering
the sea, and research on the process
of dispersion of coastal pollution

e- Research concerning changes in
the Kuroshio current

f- Research on the occurrence of
red tides and damage caused by them

15



33

1) The Research Coordination Bureau of the Feience and Tech-
nology Agency (below called the Science and Technology Agency) re-
cognized that the establishment of a data reception and processing
technology using American satellites prior to the development of
satellites was necessary for the development of an effficient earth
observation satellite system for Japan and the necessity of first
installing ground reception and processing stations. On the ba-
sis of this, in 1974 a case study concerning reception and pro-
cessing was conducted for the purpose of developing and installing
reception and processing stations in Japan. The theme of the re-
search was "a study concerning a system for the reception and pro-
cessing of remote sensing information from earth observation
satellites."

2) Subsequently, surveys were carried out concerning (1) earth
observation satellite development in foreign countries and (2)
areas in which earth observation satellite data could be used in
Japan. The theme of these surveys was "studies concerning earth
observation satellites." Using the results of these surveys as a
basis, a case study was conducted concerning (3) earth observation /34
satellites for Japan.

3) Also, in 1976, detailed studies and discussions were held
on ways of expediting development and on the missions of Japan's
earth observation satellites for the next 15 years. At the same
time, investigative research was done concerning the necessary
sensing equipment to be carried on the satellites, methods of
"berthing;' and development prospects. The mission, equipment to
be carried, and the development schedule for the first earth ob-
servation satellite were clearly decided upon at that time.

The mission requirements of earth observation satellites from
the standpoint of areas of utilization in Japan, which were sur-
veyed during this investigative research, are shown in Table 6.

4. Investigative Research Done by Space Development Project Groups

1) In 1975, based on the results of the surveys conducted by
the Science and Technology Agency, investigative research was done
concerning earth observation satellite systems and satellite
trends, togather with investigative surveys concerning ground sta-
tion design, the necessary "software" for ground station operation,
and the sensing equipment carried on satellites. These studies
were done under the theme "investigative research concerning earth
observation satellite systems."

2) In 1976, under the theme, "design research in connection
with earth observation satellite ground reception systems," design

16
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research was conducted concerning ground reception and recording
installations together with research on the "software" necessary
for the oeeration of these installations.

f Plans for the Develo pment of Earth Obs	 /47

es

Observation of the earth from outer space as a way of making
highly accurate and repeated observations over wide areas is not
only a means of monitoring sea, land and ecological phenomena,
but also plays an exceedingly important role in providing a means
of predicting the occurrence of phenomena, thus enabling us to es-
tablish measures to cope with them.

Taking into account the above role for earth observation sa-
tellites, their usefulness in many fields, and the prospects for
the associated technology, the development of earth observation
satellites in Japan is appropriate, based on the following con-
ceptions.

1) Earth observation satellites should be developed not only
to'meet domestic requirements for the next 15 years, but should
be developed with the long-term objective of establishing a tech-
nology that can develop independently, while promoting inter-
national cooperation.

2) Since the orbits and sensors of satellites differ greatly,
according to the object of observation, two systems should be de-
veloped: satellites for the collection of chiefly oceanic data
(marine observation satellites), and satellites for the collet-	 /48
tion of chiefly land data (land observation satellites).

3) In considering the importance, urgency, and technical
feasability of land observation satellites and ocean observa-
tion satellites, it was decided to postpone the launching of a
land observation satellite, and to launch the first ocean ob-
servation satellite in 1983. The second satellite is scheduled
to be launched in 1985, and basic satellite technology will be
established in the late 1980 1 s. In regard to land observation
satellites, basic technology will be established by 1980.

4) As development progresses, the systematic growth of associ-
ated technology will be achieved to the best of our ability as
Japan's independent technology.
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2. Outline of Development Plans

2.1. Ocean observation satellite

1. Necessit for develo ment. Heretofore, the observation of
the oceans has een im to o spot or linear observation by sur-
vey ships, and there was no effective means of constant observation
over a wide area. With artificial satellites, it is possible to
conduct continuous observations of the surface of the sea, and the
rapid development of oceanographical research concerning ocean sur-
veillance, the use of sea resources, and ocean physiology is
expected.

The recent 200 nautical mile fisheries waters question has
strongly confirmed the necessity of investigative observation of
the seas and the necessity of effectively and rationally using ma-
rine resources. It is strongly desirable that a satellite for the
observation of ocean currents, waves, and temperature distribution
of sea water be launched at an early date.

The United States plans to launch a SEASAT in 1978, but it
is essential that Japan develop at an early date a system of obser-
vation which has the range of observation, period of observation,
and accuracy that meets the needs of Japan.

2. Long-range concepts. First, in order to develop an earth
observation satellite system suitable for Japan, satellite data re-
ception and processing technology will be acquired by the opera-	 /50
tion of ground reception and processing installations which will
be completed in 1978. Experiments will be conducted to obtain the
basic technology necessary for an earth observation satellite with
a triaxial attitude-con'rol d^ta transmission system with the ex-
perimental technical satellite (ETS III), which will be launched
in 1981.

Putting the results of the above experiment into practice,
Japan's ocean observation satellite will be developed. The schedule
below is believed to be suitable.

i) The first ocean observation satellite (MOS-1)
a) Purpose: to establish technology common to obser-

vation satellites
b) Mission: observation of oceanic phenomena, concen-

trating on the color of the sea surface and tem-
perature

c) Sensors: visible radiometer
infrared radiometer
microwave radiometer

d) Target year for launching: 1983
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ii) The second ocean observation satellite (MOS-2)
a) Purpose: to establish the basic technology for

ocean observation satellites
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b) Mission: observe the oceanic phenomena of waves
and surface winds	 I

c) Sensors: microwave radiometer
microwave altimeter
microwave scatter meter

c) Target year for launching: 1985

iii) Third ocean observation satellite (MOS-III)
a) Purpose: utilization as an ocean observation

satellite
b) Mission: observation of ocean phenomena such as

ocean currents, waves, temperature distribution of
sea water, etc.

c) Sensors: visible infrared radiometer
microwave radiometer
	

/52
microwave altimeter
microwave scatter meter
image radar

d) Target year for launching: 1989

3. Present research and development plans.

i) Conduct the research and development of the mission
equipment and complete preliminary plans
for the systems for the first ocean observation satellite
in 1978, based on the research results up to 1977

ii) Plan the system concepts for the second ocean observa-
tion satellite in 1978

2.2. Land observation satellite

1. Necessity for development. The problems accompanying the
increase of population and the concentration of population into
cities, the expansion of industrialization, and the deterioration
of the environment are becoming increasingly real in Japan and
throughout the world.	 /53

To cope with these problems, the following list of systems
must be established as soon as possible. Observation by satellite
is an indispensable part of the following systems, and will become
increasingly important.

i) A system for the management of agriculture and forest
resources and the management of water resources is neces-
sary so that measures can be taken to ensure a timely sup-
ply. For this, predictions of harvests and water run-off
must be made from a constant knowledge of agriculture pro-
duction and forest growth, and from the amount of snow ac-
cumulation.
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ii) The prewarning signals of widespread and irregularly-
occurring natural disasters must be accurately recognized
and reported for forewarning and disaster prevention.
There must be a disaster reporting system which will, by
rapid reporting of post-disaster conditions, insure that
necessary relief measures can be taken.

111) By regularly monitoring the rapid changes in land
utilization and taking the necessary measuresearly, it is
possible to establish a land-use and environment- 	 /54
monitoring system conducive to the use of land in the most
desirable way.

To establish the above systems for Japan as well as for
other countries, the development of, and installation of, an inde-
pendent land observation satellite system is necessary as a link
in local and international cooperation. It is expected also that
land observation satellites will be an effective means for under-
standing geological structures, geothermal distribution, sea pollu-
tion conditions, etc.

2. Long-term concepts.

1) Since LANDSAT reception is available now, the acquisi-
tion of the necessary analytic technology is planned by making use
of this. The establishment of technology common to earth observa-
tion satellites is planned from the experience of the first ocean
observation satellite (MOS-1). Then, this technology will be com-
bined, and research and development work done for the realization
of high resolving power sensors, and information processing.

2) Based on the results of the above, a practical sea ob-
servation satellite will be put into operation and from this stage,
the development and launching of land observation satellites will
take place according to the following schedule.	 /55

i) The first land observation satellite (LOS-1)
a) Purpose: to establish basic technology for land ob-

servation satellites
b) Mission: the observation of vegetation, snow accumu-

lation, conditions of land use, disaster conditions,
water pollution, warm exhaust water, etc.

c) Sensors: a high resolving power sensor (30 m^
visible-infrared radiometer

d) Orbit: solor synchronous orbit
e) Target year for launching: 1987

ii) The second land observation satellite (LOS-2)
a) Purpose: utilization as a land observation satellite
b) Mission: the accurate observation of vegetation, pre-

warning signals for disasters, conditions of land
use, etc., and surveillance of water and atmospheric /56
pollution
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c) Sensors: ultrahigh resolving power (10 m),
visible-infrared radiometer and a laser sensor for
measuring the components of the atmosphere

d) Orbit: solar synchronous orbit
e) Launching target year: 1991

3) Present research and development plan. The investiga-
tive research for the first land observation satellite will be
done by 1978•

Based on the development plans outlined in 2 above, the de-
velopment and launching schedule of land observation satellites is
given in Figure 3• Table 7 shows the proposed long-term develop-
ment schedule for the basic associated technology.

/61

4.1. Basic policy for development

Use will be made of the technical achievements made by the
space development project groups as far as possible, and develop-
ment of satellite equipment will proceed with the close coopera-
tion of all research organs. As far as possible, use will be
made of domestic technology and domestically-produced parts.

4.2. The target period for development

In 1978, the research and development done in 1977 will be con-
tinued, and preliminary plans for a satellite made. At the same
time, research and development on earth observation equipment will
proceed.

The marine observation satellite -1 (MOS-1) will observe
oceanic phenomena, concentrating on the color of the sea surface
and temperature, but at the same time it will be used to establish
technology common to earth observation satellites. The goal is to
launch MOS-1 from Tanegashima Space Center in 1983.

4.3. Outline of systems development	 /62

1. Earth observation equipment.  The earth observation satel-
lite launched in 1983 will carry the following observation equip-
ment:

1) Visible-infrared radiometer (ground-resolving power:
50 m, 4 bands in the near visible-infrared field)

2^-Visible thermal infrared radiometer (ground resolving
power: 1 km, 1 band of visible, 3 bands of thermal
infrared)
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Fig. 4. Outline drawing of satellite

Key: 1. Pitch axis 2. VHF band antenna 3. Radiation cooler
4. Roll axis 5. Direction of movement 6, Gas ,jet 7. Earth sen-
sor 8. S-band antenna 9. Microwave radiometer 10. About 1 m
11. Main axis 12. Direction of earth 13. Visible-near infrared
radiometer 14. Visible-thermal infrared radiometer 15. UHF band
antenna 16. Thermal lubbers 17. 20 GHz antenna
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3) Microwave scatter meter (two frequencies of 2.3 GHz
and 3.1 GHz)

2. Structure of systems and performance factors
1 Shape: box-shaped with solar cell padd es deployed in

orbit (Fig. 4)
2) Weight: 600 kg
3) Orbit: medium-high circular orbit
4) Altitude control: triaxial altitude control 	 /63
5) Launch rocket: N rocket

4.4. Development schedule

Earth observation development schedules are shown in Table 1.

V. Plans for the Development and Installation of Japan's Ground /69
Reception and Processing Stations

1. Outline of Japan's Ground Reception and Processing System

An outline of the structure of the remote sensing data recep-
tion and processing system is given below (see Figure 5).

2. Development and Installation Schedule

Continuing from 1977, the goal is to complete development and
installation by the end of 1978 (see Table 7).

The system as shown by Figure 5 is made up of four sub-systems: /73
the reception sub-system, the recording sub-system, the processing
sub-system and the photograph-processing sub-system. The major
functions of the four sub-systems are as follows.

i) The reception sub-system. This subsystem is made up of the
antenna, the receiving equipment, and the tracking equipment. It
receives data transmitted by LANDSAT's band from the multispectrum
radiometer (MSS), the return beam videcon (RBV) camera, and tele-
metry concerning satellite housekeeping and attitude, recovers the
data and transmits it to the recording sub-system.

ii) The recording sub-system. The recording sub-system is
made up of pre-processing equipment, quick-look equipment, and re-
cording reproduction equipment. The major function of the record-
ing sub-system is monitoring receiving conditions with "quick-look" /74
(QL) equipment capable of presenting MSS and RBV data as images in
real time, while simultaneously preparing a recorded high-density
magnetic tape (HDDT) of information concerning MSS, RBV, and cam-
era video signals and satellite housekeeping and attitude - which
is input from rough-process (bulk process), prepared 70 mm black
and white film and the reception sub-system.
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iii) The processing sub-system. The processing sub-system
consists of data processing equipment, recording equipment, and
film preparation equipment.

This sub-system, after correcting radiometer and geometrical
distortion in the HDDT raw input data, prepares a computer-
compatible tape (CCT) capable of being input to an ordinary com-
puter. 70 mm film is also prepared by means of film preparation
equipment.
	

/75

iv) Photograph-pr 
p
ocessing sub-system. The photograph-

processing sub-system repares photographs for interpretive use
from 70 mm film which is input from the film preparation equipment.

1) The reception sub-system
a) Antenna: diameter 10 m, X-Y mounted Cassegrain type
b) Tracking equipment: automatic program. Three automa-

tically-programmed tracking modes
c) Receiving equipment: frequencies (2265.6 MHz (MSS data)

2229.5 MHz (RBV data), 2287.5 MHz (housekeeping
	

/76
and attitude data)
Noise temperature 55°K

2) Recording sub-system:
a) Preprocessing equipment: input signal 15.06 MbpS, PCM

data (MSS data); 3.2 MHz analogue video (RBV data),
1 KbpS PCM data (housekeeping and attitude data)
Output signal: (1) Signal for use with quick-look

equipment
(2) Recording/reproduction equipment

signal
b) Recording/reproduction equipment:

For MSS: 10-track SISO (serial in and out)
For RBV use: 20-track SISO (serial in and out)
For housekeeping data use: 1-track
For time use: 1-track

c) Quick-look equipment: (output) CRT presentation, photo-
graphy by 70 mm film

3) Processing sub-system
a) Data-processing equipment:

Radiation accuracy: 1 quantization level
Geometrical accuracy: 80 m
Processing capacity: about 10 scenes/day

b) Recording equipment: (output) CCT
Recording density: 800 bpi and 1600 bpi
Recording method: NRZ-1 and PE
Bit rate: 200 KB/sec
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c) Film preparation equipment: laser-beam recorder for
both black and white film, 70 mm film

d) Photograph-processing sub-system
(output): 70 mm black and white film, 240 mm black and
white film, 70 mm black and white prints, 240 mm black /79
and white prints, 70 mm color film, 240 mm color film,
70 mm color prints, and 240 mm color prints

4. Development and Installation Schedule

The goal is completion of development and installation of re-
ception and processing installations for the reception and proces-
sing installations for the reception and processing of LANDSAT data
in 1978 (see Table 8).

(Addendum): Analysis for Utilization
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In addition to the above, there is another system of analysis
for utilization of data. Since this system conducts analysis by
very detailed methods for utilization in various fields, a general
discussion cannot be given here. In terms of ordinary equipment
and photograph preparation, the following can be said. When the
observation data is received as monochrome film by wave length, the
film can be overlapped with a viewer, the appropriate color added,
and analyzed visually.

Or, the information from film can be fed into a computer using
flying spot equipment, and analyzed by computer the same way that
data received in the form of CCT (computer-compatible tape)are used.

The principal advantages of analyzing by computer are as
follows.

1. Highly accurate analytical research is possible, because
the information is digital, and the accuracy is not lowered
by reproduction or synthesis.

2. By using computer software, automatic analysis, and analy-
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sis for which complicated conversions are nece^sary, are
possible.

3. Analytical research is made easier by enhancement and en-
largement of the object with the use of computer-'related
equipment (for example CRT).

Using this system, the user can obtain information useful to
his own special field.
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