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ANNOTATION

This report, funded by the Research and Coordination Bureau

of the Science and Technology Agency and completed in 1976, is
the consolidation of"StudJes!Concernlng the Development of Earth

Observation Satellites" QdHe by the foundation, Remote Sensing
Technology Center.

The consent of the Science and Technology Agency must be ob-
-tained before quoting the contents of this report.
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PREFACE: METHODS AND PURPOSE OF SURVEY

1. Purpose of Survey

Observation data obtained by earth observation satellites
which observe the surface of the earth with sensors is exceedingly
useful for the management of the earth's resources and preserva-
tion of the environment. This is especially true for Japan, a na
ticn surrounded on four sides by the sea and poor in natural re-
sources. Thus it is essential that we develop and launch earth
observation satellites at an early date with the aim of obtaining
data for securing and making efficient use of marine resources,
preservation of the ocean environment, ensuring the safety of na-
vigation and establishing warning systems for coastal natural 4i-
sasters. This survey 1s a composite of the studies and investi-
gations concerning the mission and mission equipment of the first
earth observation satellite which is to be launched in 1981 and
of the différent types of earth observation satellites to be de-
veloped in the next 15 years. The studies were done with the aim
of providing material for establishing concepts for satellites
suitable for Japan and for the efficient development of these sa-
tellites.

2. Methods of Survey and Contenks

2.1. Methods

This survey is based on the results of "Studles conceriing
earth observation satellites! which is a collection of case
studies conducted in this agency in 1975 concerning earth obser-
vation satellites. The survey was done by an investigation com-
mittee and two project groups established in the Remote Sensing
Technology Center (a foundation). The contents of the survey are
as given in the items of investigation in 3 below.

2.2. The Investigating Committee

Name of committee: EFarth Observation Satellite Mission In-
vestigating Committee.

Composition:
Committee head: Watanabe, K. Professor in the Oceancgraphy De-
partment, Tokyo University

Members: Ishida, R. Head of Satellite Research Depart-
ment, Radioc Wave Research Center,
Ministry of Postal Service

Twada, H. Head of Hiratsuka Branch of Disas-
ter Science and Technology Center,
Science and Technology Agency

Oehiai, H. ‘Assistant Professor at the Toriba.
Merchant Marine Higher Technical School'
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Koshiishdi, H.

sato, M.
shoji, O.
Suda, A.

Takahashi, M.

Takeuchi, K.

Takeda, K.

Tsuchiya, K.

Teramoto, J.
Tomoda, Y.

Nakajima, I.

Nakayama, M.

Nishifuji, O.

Hirai, S.

Hirai, Y.

Murai, J.

Head of Computer Center, Meteorology
Department, Space and Aeronautical
Research Institute, Science and Tech-
nology Agency

Director of Metallurgical Mining
Enterprise

Head of Hydrographic Department, Ma-
rine Safety Agency

Counselor, Research and Development
Department, Fisheries Agency

Member of General Development Depart-
ment for Ground Equipment Development,
Space Development Project Group

Head of Planning Section, General Af-
fairs Department, Meteorological
Agency

Head of Research, Resources Investi-
gation Center, Science and Technology
Agency

Sfaff Member of Ground Ifigtallation
Design Group, Space Development Pro-
jeect Group

Professor at the Oceanic Research
Center, Tokyo University

Professor at the Oceanic Research
Center, Tokyo University

Head of Third Section, Forestry Test
CenterloMinistry of Agriculture and
Forestry

Chief of Planning Section, Electronic
Technology General Research Center,
Industrial and Technology Institute,
Ministry of International Trade and
Industry

Planning O0ffiecial, Control and Plan-
ning Bureau, National Land Develop-
ment Agency

Counselor, Space Development Group

Head of Control and Planning Section,
National Geographical Institute, Mi-
nistry of Construction

Assistant Professor, Research Center
for Production and Technology, Tokyo
University
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Mochizuki, Y.,

Matsutomo, N.

Business Shiralshi, M,
affairs

Michino, T.

Nakada, K.

Head of Environmental Management
Section, Control and Planning Bur-
eau, Environmental Agency

A Manageing Director of the Remote
Sensing Technology Center (Founda-
tion)

Regearch Member of the Remote Sens-
ing Technology Center (Mr. Shirfaishi
died soon after the establishment of
the Committee)

Research Member of the Remote Sens-
ing Technélogy Center

Research Member of the Remote Sens-
ing Technology Center

Muranska, Y. «Research Member of the Remote Sens-

The First- Operations Group

ing Technology Center

Committee head: Nakajima, I.

Members: Asaocka, O.

Ochiai, H.

Sugimori, Y.

Tsuchiya, K.

Tokuhiru, A.

Hirai, Y.

Committee
members: Maniwa, Y.

Head of Third Section, Forestry IH-
dustry Test Center, Ministry of Ag-
riculture and Forestry

Research official, Oceanic RE€search
Department, Meteorological Researchn
Center, Meteorological Agency

Assistant Progessor at the Toriba
Merchant Marine Higher Technical S
School

Head of Coastal Disaster Research
Laboratory, Hiratsuka branch of Dis-p
aster Science and Technology Center,
Science and Technology Agency

Staff Member of Ground Installation
Design Group, Space Development Pro-
jeet Group

Chief of OQOceanic Research Labora-
tory, Hydrographic Department, Ma-
rine Safetfy Agency

Head of Control and Planning Sec-
tion, National Geographical Tnsti-~
tute, Ministry of Construction

Head of Fishing Vessel Research La-
boratory, Ocean Fisheries, HFisheries
Agency



Mural, J. Assistant Professor, Research Cen-
ter for Production and Technology,
Tokye University

Watanabe, K. Professor in the Oceanography Depart-

Business ment, Tokyo University

affairs: Nakada, K. Research member of the Remote Sens-
ing Technology Center

Muranaka, Y. Research Member of the Remote Sens-
ing Technology Center

The Second Operations Group

Committee head: Hirai, S. Counselor, Space Development Froject
Group
Members: Igarashi, R. Head of Research Laboratory for the

Application of So0lid State Physices,
Radio Wave Research Center, Minister
of Postal Services

Kuramasu, R. Staff Member of Satellite Testing
Group, Space Development Project
Group

Koinuma, S. Head of the First Laboratory,
Meteorological Satellite Research
Department, Meteorological Research
Center, Meteorological Agency

Koshiishi, H. Head of Computer Center, Metrology
Department, Aeronautical and Space
Technology Research Center, Science
and Technology Agency

Miechiura, J. Michiura, J. Research Member of Satellite Devel-
opment Group, Space Development
Project Group

Makayama, M. Chief of Planning Section, Elec-
tronic Technology General Research
Center, Industrial and Technology
Institute, Ministry of International
Trade and Industry

Kohana, Y. Research Official of the Planning
Department, Radio Wave Research

Business Center, Ministry of Postal Services

affairs: Nakada, K. Research Member of the Remote Sens-
ing Technology Center

In addition to the above, we would like tTo inelude the fol-
lowing f£ive persons who helped compile this report.
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Ishiwara, K. Head of Natural Environment Science
Research Institute

Segawa, J. Assistant Professor, Oceanic Research
Center, Tokyo University

Maruyasu, T. Professor, Tokyo Rika University

Miura, S. Head of Ocean Communications Research
Laboratory, Radio Wave Research Cen-
ter, Ministry of Postal Services

Yamada, Y. Coordinating Staff Member, Systems
Section, Systems Pianning Depart-
ment, Space Development Project
Group

3. Items of Investigation

I. Concerning the promotion of the development of earth ob-
servation satellites in Japan in the next 15 years
1. Studies concerning earthvobsenvation satellite missions
a. Missions
b. Objects 6f observation
¢. Resolving power
d. Observation
2. Studies of midsion equipment and problems in the pre-
sent state of development technology for earth satel-
lites
3. Study of plans for the development of earth observa-
tion satellites of foreign countries
4, Study of utilization systems for earth observation sa-
tellite data
a. Utllization organs
b. Optimum utilization systems
e. The relationship between data collected by aircraft
and data collected by satellite
5. Examination of development plans for The development of
earth observation satellites for the next 15 years

IT. Survey of the mission of the first earth observation sa-
tellite and mission equipment
1. Examination of mission
a. Mission o
b. Objects of observation
¢. Observation wave length
d. Ground resolving power
e. Range of observation
2. Examination of satellite systems
a. Major equipment to be carried on board
b. Accuracy of altitude contrél
¢. Observation wave length



d. Orbit
e. Launching rocket

3. Survey of the policies necessary for the development
of satellite systems
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OUTLINE OF THE SURVEY ON THE DEVELOPMENT OF EARTH OBSERVATION
SATELLITES

Science and Technology Agency of Japan

I. The Role of Earth Observation Satelllites and the Necessity
for Japan to Develop Them

The results of the launching of the earth observation satelzi?
lite LANDSAT by the United States has created a ripple effect 1n
the countries of the world. ©Not only have many countries instal-
led ground stations for the reception of date from the American
satellites, but in several countries, movements are underway for
the development of their own independent satellites. In Japan
also, there are many fields for which the launching of earth ob-
servation satellites is becoming a necessity.

This report examines the problems facing the world and Japan
at the present time, and the problems that will probably be fac-
ing us in the future. It discusses the réle that earth observa-
tion satellites can play in coping with these problems, and the

necessity for Japan to develop various kinds of earth satellgtes."

The discussions in thids report are based on the flow chart
shown in Figure 1.
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Fig. 1. The role of earth observation satellites
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Key: 1. The satellite systems of foreign countries 2. The satel-
lite system of Japan 3. The major problems of the world U4, Earth
observation systems of world scope (by international cooperation)
6. The major problems of Japan 7. The role of earth observation
satellites 8. The independent earth observation satellite system
of Japan
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I.1. Major Problems of the World

Among the problems of the world that must be viewed from a
world perspective, and whath are in fields in which science and
technology can contribute solutions, are population and food sup-
ply, the problem of natural resources, problems concerning the
environment, and the problem of natural disasters.

= The report of the Rome Club, The Limits of Growth, on the as-
sumption that the physiecal, economic and societal systems control-
ling the earth's systems would not change, estimated that in the
year 2000, the population of the world would be 6.5 to 7 billion,
about double what it is now. If was also estimated that a popu-
lation of that size was about the limif that the world could sup-

port. According to therAmerican Presidential Science Advisory o

Commission, the estlimated potential arable land (1967) of the
world is 3.2 billion hectares, and of this, 1.4 billion hectares,
or 44%, is now being cultivated. It is estimated that 2.8 billion
hectares would need to be cultivated to produce fboed for 7 billion
people. Thus, the present 1.4 billion hectares that are under
cultivation would have to be expanded by 1.4 billion hectares.
However, the remaining arable land includes areas like the Amazon
basin, which would be difficult to develop. Financially and eco-
logically, also, such large-scale development would be very dif-
ficult., Even if measures were taken now to control the increase
in population, the effects of this would not appear for 15 or 20
years. And it is thought that there is certain to be a period in
the future when it will be very difficult ©6r the increase in
food supply to keep pace with the increase in population.

There are problems even now concerning food, when the supply
is decreased because of abnormal weather, or when there is local
maldistribution of the supply. In 18972, there was damage to crops
from the cold due to changes in the weather structure, and there
were local reductions in the fisheries catch due to local abnor-
malities in ocean currents. This affected all parts of the world.
The impact of a reduction in the food supply has a chain effect
which is transmitted throughout the world. It is reported that
as a result of the reduction in supplies noted above, several
hundreds of thousands of people died of hunger in Bangladesh,. _
India, Mauritanis, et&,and'mlllionsnwre suffered from malnutri-
tion.” The above example reaffirms that underproduction in one
country is not only a problem for that country, but can bring
about economic and political disorder in a great number of other
countries as well. It has become clear, especially concerning
the struggle for survival at the national level, that nations
with low self-sufficiency are struck hard by ahreduction in food
production. In 1973 the reverse happened, and due to early heat,
there were abundant crops at high latitudes. Then in 1974 there
was underproduction because of a lack of chemical fertilizers
caused by abnormal weather and the oil crisis. The situation
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concerning the supply and demand of food has become very unstable,
It can be expected that this kind of situation will repeat itself
many times in the future. Thus, it i1s important that the food
production situation be considered from the point of view of the
entire world. Consequently, it is urgent that a system for col-
lecting information on world food production be established.

A matter of great concern 88r all the nations of the world
conecerning natural resources is the problem of depletion of the
petroleum supply. The oil enterprises in the Middle East coun-
tries have been nationalized, OPEC has been formed, and there
has been a fourth war in the Middle Fast. In addition, 1t is
clear that the petroleum resources are limited. It is clear
that petroleum deesnnot have just an economic value, but that it
has become za strategic resource" directly affecting the security -
of nations. This strategic value of o0il in the future will not
be limited to oil, but is sure to be extended to all kinds of mi~
neral resources, and to food. The reduction in the expenditure
of natural resources, their more efficient use, the development
of other resources, and the discovery of new resources should be
a major concern in the industrially-developed nations of theworld.

-

_____ Along with the development of new resources, information- }

'collectlng systems will:ibecome 1ncr3351néfﬁ important. . ]
‘The environmental question, alsoj is coming to be regarded as

~ very important, especially in the industrially-advanced nations.
Smog and other pollutants of the atmosphere, ocean pollutants
(oil spills, ete.), DDT, PCB, mercury, cadmium, etc. all are

problems that directly or indirectly affect the ecological system.

—_

»

These problems are coming to be recognized as problems that
must be coped with on a global scale. In 1973 the "United Nations /9
Human Environment Convention!"isn which 58 nations are now parti-
cipating, began in Stockholm, and is to meet every year in the
future. Thus, it is coming to be acknowledged that not only re-
ports on local environmental conditions are needed, but that it
is very important to have an environmental report-collection sys-
tem on a world-wide scale. An example of one problem confronting
the world is shown in Figure 2.

In recent years, many countries have suffered great damage
from natural disasters such as those connected with the weather
(cold damage, typhoons, tornadoes, ete.). The frequent oceurs
rence of disasters from earthquakes and volcanoces and damage
caused by tsunami from the ocean cannot be ignored. The collec-
tion of information for the prediction of natural disasters &f
this sort is extremely important.
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Fig., 2. The relationship between increase
in population and natural resources and
the environment

Key: 1. Resources 2. Population 3. Food for one person
4, Industrial production for one person 5. Pollution
6. Year 2100

I.2. Major Problems of Japan /10

The major problems confronting the world related a?ove, such
as population, food supply, natural resources, the environment

_and natural disasters, all confront Japan. -

T The population of Japan is expected to reach 130,000 by
2000, and even today Japan is only about 50% self-sufficient at
the original calorie base. Self-gsufficiency in products such as
corn, sOy beans, and wheat is especially weak. Since land use in
Japan is exceedingly efficient, there is no hope for improvement
in the rate of self-sufficienty, and the problem is certain to
become more acute in the future. Until the present time, Japan
has been almost self-sufficient in " .seafood, and this provided
almost half the necessary animal protein. However, U0 to 50% of
the total seafood production is from ocean fishing, and most of
the catch is taken in fishery grounds within the 200-nautical-
mile zones of foreign countries. With the advent of the 200
nautical-mile fishing zone era, guaranteeing the heretofore high
catch is going to be very difficult. For this reason, it is ur-
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"tem for the understanding of eceanic weather phenomena, for s
surveillance, for the preservation of marine resources {(chiefly

“fishery resources), for the preservation of the sea environment,
and to insure safety of navigation. In the near future, the es-
tablishment of an effective information-gathering system will be
essential invorder to formulate food policies.

In regard to natural resources, in spite of the fact that Ja-
pan occupies only 0.3% of the land surface of the world and has
only 3% of the population, we expend 20% of The resources used in
the world (excluding the socilalist countries), occupying the sec~
ond position in the expenditure of natural resources. Not only
that, we depend on overseas sources for 100% of the oil and na-
tural gas, and 50 te 100% of the minerals. As a result, Japan is
easily affected by the political and economic situation in the
countries which supply raw materials, and the supply and demand
in other important countries. This creates great instability.
Since Japan is not blessed geologically with underground resour-
ces, 1t is not possible to increase our self-sufficiency, and it
is inevitable that we continue to depend greatly on overseas
sources in the future. Therefore, in addition to policies for
economizing, recovery and use of materials, it is important to
develop overseas resources through international cooperation.

In Japan, pollution and deterioration of the environment have
been regarded as socihalaproblems in four court cases regarding
pollution. Definite results have been achieved by local survell-
lance by public organs, regulations, and administrative measures.
However, we must not stop with local measures. As our industrial
soclety expands, measures of wider scope will have to be developed
to cope with the problems. Therefore it is exceedingly important
to establish an information-collecting system which covers &the
whole environment.

Japan is one of the countries of the world with many natural
disasters. Every year, the danger to life and property is very
great. Among the natural disasters are abnormal weather, earth-
quakes, coastal disasters, inland disasters (excessive rain or
snow). In spite of the fact that much energy has gone into de-
veloping warning systems for these disasters in the past, fthere
are many very difficult problems remaining. The concentration
of the population into cities has been remarkable, and it is es-
timated that by 2000, 90% of the population of Japan will live
in cities. In view of this, the development of an earthquake
prediction system is the most important problem, though the most
dgifficult one. TFor the development of a prediction system for
disasters, quant1tat1Ve physical measurements of the factors
causing, the dlsastersare essential but in the wide range in ..
which disasters occur, “there &re many areas in which measurements
are difficult. Also, phenomena that occur instantaneously change
over a long period, and it 1is difficult to find methods to

“~
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measure the contents of change. It is not only necessary to find
methods of measurement sultable for the present, but research must
be conducted to discover new methods for the future. The develop-
ment of metrological technology for this is very important.

I.3. The Role of Earth Observation Satellites

The role that earth observation satellites can play in copang
with the major problems facing Japan and the world will now be
considered.

The following can be cited as the chief strong points of re- /12
mote sensing from earth observation satellites.
l. It is possible to observe a wide area simultaneously.
2. Picborial information with high geometrical accuracy can _
be obtained.
3. Repeated observation of the same area is easy, so that sys-
tematic data concerning periodic changes can be obiained.
b, Data can be presented to users on a regular basis in "real
time",

When these features are considered in light of the require-
ments in the various fields of utilization of satellite data, the
role of earth observation satellites is very great. It is be-
lieved that with the use of satellites, an effiective system can
be established for collecting systematic information concerning
food, resources (resources exposed on the surface), the environ-
ment, and natural disasters essential for coping with the major
problems confronting Japan and the world.

Along these 1ines, there is now in progress in the United
States and Canada a project called Large Area Crop Inventory Ex-
periment (LACIE), which is an attempt to find out if it is possible
to estimate crops on a world-wide basis, using data from earth
observation satellites. The Sowiet Union is also showing strong
interest in this experimental project. PFigure 3 shows the entire
contents of the prediction program, and the role played by earth
observation satellites. A program called "Earth and Ocean Phy-
gics Application Program," planned by the American NASA and
partially carried out, conducts research concerning prediction of
earthquakes and tsunami by launching various kinds &f earth ob-
servation satellites, and observing the globe through geophysics
and_gcganqphysics.f_@n_putline of this plan is shown in Eiguve

establlshlng various kinds of information-gathering systems. In
the use of satellites, the following points shodId be carefully
regarded., U

1. The earth observation satellite system is a completely new
means of information gathering. It is a means of gathering
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Fig. 3. Model for the estimation of grain production

Key: 1. Earth satellite data (fultispectrum)
3. Repeated observations of earth's surface

2. Recognition
4., Data accumula-

tion (agricultural land, seasons, types of soil) 5. Soil mois-
ture 6. Modifications in environment 7. Estimates of area
8. Measurement 9. Estimation of grain production 10. Satellites

data (multispectrum) 11. Data accumulation (

seasons, damage from

natural disasters) 12. Model of conditlon of vegetation 13.
13. Amount of harvests 14. Agriculture weather model 15. Me-

teorological data 16. Meteorclogical model
18. Hydrographic data 19. Hydrographic model

17. Weather reports
20. Water use

21, Fertilizer 22. Soil temperature 23. Quantity of nutrients
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Fig. 4. EOPAP measurement factoss

information on a glebal scale, which could not be done before
with balloons or airecraft, and it is an effective system with a
broad field of uses. The adoption of an earth observation satel-
lite system does not render other means of data collection inef-
fective.

2. World observation satellite data can be used regionally,
but with a global perspective. By observing phenomena on a glo-
bal scale and processing €hemsas data common to all under interna-
tional cooperation, information can be mutually shared. Used in
this way, earth observation satellites can be an impeftus to in-

ternational cooperation.

I.4, The Necessity for Japan to Develop Independent Satellites

The United States has already launched earth observation sa-
tellites which offer high expectations for different kinds of in-
formation gathering, and there are plans to launch more in the
future. Since 1972, the resources exploratory LANDSAT series has
been in progress, and the SEASAT series, which are %to_collect
information about the sea surface necessary for the study of the
sea are planned for 1978. In addition, satellites have already
been launched for gathering weather, gqgﬁet;ELépd environmental
information. There are plans. %o launch more satellites in -«
the future, and to improve their performance. In Japan, we are
going to make positive use of these satellites, and are already

moving towards practical use of the weather satellifes ESSA and

___NOAA. By the beginning of 1979, it is expected that Japan will
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be able to receive directly from LANDSATss. However, if foreigh
_satellites are depended upon entirely, there will be various

kinds of problems such as the follow1ng

1. When depending on foreign satellites, it 1s natural that
the interests of the country possessing the satellite would come
first, and the program of use of the satellite for Japan, which
would be a passive program, would be decided by the wishes of the
country possessing the satellite. Consequently, the collection ¢
of data would not always be regional, and the interests of Japan
could not always be sufficlently served.

2. When using the satellites of a foreign power., the consent
of the possessing nation is required. There is no guarantee that
this consent would be forthcoming permanently, and if temporary
consent for the use of the satellite were withdrawn, data use
projects would inevitably be cut off, to the extent that substi-
tute data-collection systems were not available.

3. A satellite system of a foreign power would not necessarily
be one suitable for Japan. For example, fthe mission, accuracy,
period of observation, etc., would not necessarily be suitable
for the conditions in Japan. Further, when there are changes in
satellite specifications, this entails changes in the ground sys-
tem also., In addition, the difficulties in making adjustments
in our highly-developed ground communications nets to the data
transmission frequencies, and the remofe sensing frequencies can
easily be imagined.

In order to eliminate the above difficulties, it is necessary
for Japan to develop an independent satellite system.

Foreign satellites that can be made use of must be utilized
positively in harmony with the long-term prospects of our inde-
pendent satellite system, and must be c¢onsidered from the view-
point of international cooperation.

I.5. The Necessity of Responding to International Cooperation

In the past, Japan has cooperatéddwith the countries of Eur-
ope and America, and with the United Nations and other interna-
tional organs concerning space development. The recent world
situation concerning the use and development of space is one in
which the trend for infernational cooperation is accelerating.
Thisg is reflected in the carry-out of Soviet-American cooperative
projects, the invitation of the United States for participation
in space shuttle plans, parficipation in the space lab develop-
ment in Europe, the international development of earth observa-
tion satellite plans by the United States, the development of the
stationary weather satellife for the Global Atmospheric Reconnais-
sance Project (GARP), and international cooperation in the Space



Segments Project. Concerning earth observation satellites, be-
sides the formation of a global network by the cooperation of the
developed countries, there is great hope for cooperation with the
developing nations, among which are the suppliers of raw materi-
als, for the development and management of land and resources. In
addition, it is expected that international cooperation will pro-
vide these nations with data concerning food, the environment,
and natural disasters. To ensure our international standing, it
is exceedingly important that Japan foster technology that is
positive to international cooperation.

IT. Mission Requirements for Earth Observation Satellites from
the Point of View of Fields of Utilization

Theffi2dds of utilization have been divided into 1I fields,
two of which are highly scientific basic research fields having
broad applications, and 12 other fields which roughly find their
application in the oceanic or land field.

An outline of these is given below.

IT.L. Basic Research Fields

IT.1.1. Oceanophysics

Physiological research and study concerning the seas can be
carried out by the collection of general information using arti-
ficial satellites, especlally orbiting satellites. The ocean
zones important to Japan are in the Pacific Ocean, including the
North Pacifiec, and especially the equatorial region, which exerts
a great influence on Japan. For example, the Kuroshic current,
which has such a great effect on the weather and sea conditions
near Japan, has its origin in the lower latitudes of the North
Pacific, and it is exceedingly important that oceanic data be
colliected concerning this area.

Desirable data can be collected concerning the ocean by sa-
tellite concerning the following:

1. Distribution of unevenness in the sea surface related to
wind waves, swells, internal waves, fronts, and upwelling

2. Unevenness in the sea surface related to tides, high tides,
and sea waves

3. Distribution of unevenness in the sea surface related to
circulation, and medium scale vortexes

I, Water temperature, salinity, and distribution of sea ice

5. Color distribution.

This information has been collected in the past by ship and
buoy, but only at specific points. With earth satellites, data
directly related to the properties and state of the sea can be
collected simultaneously on a global scale. However, all of
this information concerns the sea surface, or the surface layer
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of the sea. For phenomena with baroclinicity such as large-scale

ocean circulation, data are essential concerning the vertical dis-

tribution of physical quantities. Also, data are important cons
cerning vertical density and current speed. A drifting measuring
system is desirable for collection of information of this kind,
and it is possible to collect this vertical distribution informa-
tion concerning ocean currents and water temperature, ete., along
with the position of the drifting system, by means of satellite.

IT1.1.2. Geophysics

In geophysics there has been much progress made in seismology,
terrestial electromagnetics, gravity measurements, and meteoroclogy,
as well as in the fields related to these. The basis for this
progress was established in the surveying and land measurements
of ancient Egypt. When the accuracy of observation in these
fields is improved, it is necessary to relate them to other fields.
In this connection, observation by artificial satellites has
special significance.

The kinds of data that should be collected by satellite are
as fTollows.

1. Spatial distribution of the geoid, and measurements of

changes in time
2. Measurement concerning average surface water of the seas,
and the: spectrum of change in time

. Measurement of the change of speed in the earth's rotation,
and the shift in rotation
. Measure the relative movement of the earth's surface
Determine the speed of ships and their positions
Determine the positions of bucys on the sea, and transmit
11nformat10n received from them

O\U'I-l“: (U8 ]

Iff these data are highly accurate, much progress is expected
in the following:
1. The making of an ideal inertial coordinate system
2, Clearing up the reasons for perturbations in the earth's
rotation, mutations, and commotion in polar movement

3. Finding the constant of elasticeity in the earth's crust

4., Understanding the long and short periods of changes in
the earth's crust

5. Understanding the relationship between movement of the

ccean floor and earthquake activity, changes in the earth's
moment of inertia,sand changes in the speed of the earth's
rotation

6. Understanding sea currents, and determining places of move-
ment Inside the earth's crust by measuring gravitatlonal
fields

Something that 1is of special interest to Japan 1s the volume

~
=
O
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_Of horizontal and perpendicular movement relative to the positions
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of Ckinawa, Ogasawara, Marcus and Honshu. From this, it is possi-
ble to learn to predict movement of the ocean floor, change in
ocean currents, and earthquake activity.

For measuring systems in this fi#eld, radar altimeters, and
range finders using laser are important.

IT.2. Applications in the Oceanic Field

TT.2.1l. Marine resources

Marine resources include fishery resources, mineral resources,
and energy resources, but of these, marine resources are the most
important for prowviding protein for a nation of 100 million. We
are faced with a crisis in ocean fishing because of the 200
nautical-mile fishery control zone declared by foreign countries
last year. Observation by satellite is important for preserving
and maintaining fishery grounds near Japan, for developling ocean
fisheries, and for maintalning effective catches.

The chief obJects for satellite observation in connection
with fishery resources are temperature distribution, which has a
very close relationsghip with fish habitats, the distribution of
salinity, water temperature, currents, upwelling, etc., which
have a realtionship with the propagation of plant and animal
plankton, and with the distribution of water color.

¥or these kinds of cobservations, visible and infrared radio-
meters are used, but in addition, microwave radiometers and radar
altimeters are necessary.

I1T1.2.2. Coastal disasters

For Japan, which is a country with frequent so-called natural
disasters, research on predicting and preventing disasters is im-
portant. In Japan, natural disasters that occur frequently are
typhoons, abnormal weather, earthquakes, coastal disasters that
are the result of earthquakes, and abnormal snowfall.

~~~
n
o

For predicting these disasters, measurements on land, by ship
and buoy have been used in the past. New and extremely effective
methods are being developed from data coltected over a wide area
by remote sensing technology from space. This is being done in
foreign countries, especially in the U.S., using the satellites
NOAA, NIMBUS and LANDSAT.

Factors that can be considered as causing coastal disasters
are high tides, tsunaml, abnormal tide levels, ocean waves, and
floating ice. High tides and abnormal tide levels occur in con-
nection with typhoons. Tsunami are coastal disasters occurring
from large~-scale earthquakes on the ocean floor. Thus, a large

/
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portion of natural disasters have a direct or indirect connection
with the coast, and the physical phenomena of the ocean are the
basis for the disasters.

The understanding of the mechanism of occurrence of abnormal
phenomena, the mechanism of their transmission, and the temporal
and spatial changes in their wvolume in connection with coastal
disasters is essential. PFor this, study of the physical phenom-
ena, chiefly oceanophysical phenomena, in the vast spatial area
in which the fluctuating atmospheric, oceanic, and terrestrial
phenomena affect coastal areas, is necessary. Repeabed observa-
tion over a wide area from space with remote sensing technology
is an effective way of doing this.

For the observation of this fluctuating, mostly oceanophysi-
cal phenomena, radar altimeters, and scatter meters are essential.
International cooperation 1s also important, such as participa-
tion in the Earth and Qcean Physics Application Program (EOPAP).

IT.2.3. The ccean environment

The ocean covers about two-thirds of the world's surface and
was the womb from which all animals emerged, including man. It
is a great natural environment concealing unlimifed production
capacity.

In the United Nations, there are goals for setting up a sur-
veillance system on a global scale for the sea environment, the
great common resource of mankind, and the preparation of a United
Nations Environmental Plan (UNEP) has been advocated.

In the past, a large number of personnel, ships and a long
period of time were required for the study of a wide range of
ocean. Now, by the development of remote sensing technology for
satellites, it is possible to have information in "real time".
Using data from NOAA, NIMBUS, aid LANDSAT, studies are being con-
ducted on ocean pollution by man, and natural disasters, such as
0il pollution, industrial exhaust water, red tides, floods, ete.
Along with this, studies are being conducted on ocean and coastal
currents in conneetion with cleaning up pollution, as well as
gstudies on the distribution of sea ice. As a future research
theme, a study should be done on temperature distribution on the
sea surface, a study necessary for the analysis of sea currents,
coastal currents, upwelling, and ocean pollution. Studies are
necessary on the coloration of water, and the distribution of
sea lce. Practical regsearch should be promoted concerning the
detection of chlorophyll.

13
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IT.2.Y%, Safety of navigation

For the safety of navigation, data on circulation, sea waves
(especially waves caused by low atmospheric pressure and strong
wind and rain from typhoons), sea ice, and sea fogare essential.
In the pastiimse data were collected by ship and buoy, but now
this can be done simultaneously and effectively over a wide area .
by satellite. In th

In this case, the satellite sensing equipment will be radar
altimeters, radar scatter meters, and image radar (synthetic aper-
ture radar).

In the field of chart preparation for navigation safety,
Japan's posiftion, and the posltion of distant islands can be de-
termined in relation to the earth's gravity center by the intro-
duction of earth satellife measuring methods.

IT.2.5. Ocean meteorology

The largest portion of the meteorological parameters of ocean
meteorology can be covered by general weather satellites, but it
is possible to measure wave height, sea waves, swells, wind di-
rection, wind velocity, and surface ftemperature with microwave
sensors carriedaaboard earth observation satellites. This is es-
sential information, not only for sea navigation and fisheries,
but it is also 1mportant for_studying changes in climate, such as
abnormal weather and long—term_weather predictions, which are /22
becoming important problems. —

Sspecial features of satellites are observation of wave heights
by radar altimeters, observation of sea surface wind direction,
and wind speed by radar scatter meter, observation of sea surface
water temperature by microwave radiometer, observation of sea
waves b& dmage radar and observataon of wide ocean areas with
microwave sensors. This has great significance when compared to
the observation in the past by ship, buoy, and weather satellite.

IT.3. Applications in the Land Hield

IT.3.1. Agricultural and forestry resources

Various applications to the field of agricultural and forestry
resources have been made in various countries using data from
LANDSAT, It has been shown that it is possible to distinguish
the chief grains and types of forests, to distinguish the soili
types necessary for agriculture, to find out the kinds of crops, %
to estimate damage to forests by disease or pests, to know when
damage has occurred, to predict changes in harvests in sample
areas due to changes in weather conditions, to estimate the con-
tents and quality. of the vegetation on range land, and to
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estimate the amount of water necessary for areas that must be
irrigated.

Basic research on the technology of land utilization is also
being carried out in Japan using data from LANDSAT. It is neces-
sary for us to establish a system for the practical estimation of
all kinds of crops, a system for estimating timber growth, and
the amount of production, and a system for observing damage c¢
caused by the weather, pests, and disease, industrial pollution,
and by changes in the natural environment.

Since Japan is a small country, sensors for observing land
conditions must have ultrahigh resolving power,.

I1T.3.2. Geology and uUnderground hesources

The basic technology for preparing analytic maps for the analy-
sis of geological structures is being established using data from
LANDSAT, and cooperatlve geological studies are béing undertaken
coneerning mining in the developing countries.

Some research themes of the future are the establishment of
composite analytic methods combining remote sensing data with
geological and geophysical data, the establishment of technology
for three-dimensional vision by the application of parallax to
single images, and the establishment of technology for taking
and analyzing pictures of different solar height. It is neces-
sary to increase the spectrum bands and improve the resolving
power in the observation equipment with the view of improving
accuracy.

In the future, by using this technology, satellite data will
be extremely effecfive for developing underground resources by
the preparation of geological structure maps and charts of ther-
mal abnormalcy, for earthquake forewarning from the detection of .
faults and fragmented zones, for formulating countermeasures,
5EAin&t edrthquakes, and for the understanding of active geolo-<
gical phenomena (volcanic activity, coastal erosion, ete.).

IT7.3.3. Water resources

In the field of water resources, the weather satellites TIROS,
NIMBUS, ESSA, and also LANDSAT have proVided data for experimen-
tal research in foreign countries concerning preparation of snow
accumulation distribution maps, the extent of surface water, soil
water, the determination of flooded zones, the extent and posi-
tion of underground water, the extent and position of lake ice
and the monitoring of river ice. This has been noted as a unique
field for satellites.

In Japan, there has been no positive application of satellite
data in this area, though aircraft data have been used for partial

calculation of snow accumulation.
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The following are possible research themes for the future,
using satellite data:

1. Experimental research on snow accumulation combining data
from satellites, aircraft and the ground

2. Preparation of basic data for the guantitative understand-
ing of water income and expenditure, based on mesh maps
of surface water

3. Preparation of basic data for flood research, for short-
and long-term flood prediction, and for determination of
flood damage by the preparation of flood disaster maps.

4. Studies concerning the relationship of snowllevels with
climatic change, by compiling snow level registers

IT.3.4. TLand use

It has been noted that remote sensing data from satellites
can be effectively used for determining the state of land use by
making surveys of agricultural and forestry land. LANDSAT is
being used for research in this field.

In this field, the main object of study is land cover. For
Japan, especially, which is a nation of small land space, visible
and infrared field sensors are needed with a resolution of at
least 25 m. Satellite data can be used to prepare land use
classification maps.

The proportion of greenness as an indicator of land cover 1is
very valuable data collected by satellite for environmental evalu-
ation in connection with land use.

IT1.3.5. Inland disasters

Inland disasters can be broadly divided into natural disas-
ters and man-made disasters, but the majority of fthem are natural
disasters.

These natural disasters are concentrated rains and floods
caused by abnormal weather, landslides, changes in the earth's
crust, and volcanic activity caused by earthquake activity and
terrestrial changes, snow damage, and grass and forest fires.
Researth on forewarning and prevention of these disasters is nec-
essary. The measurement of physical quantities that are factors
in these disasters is necessary, but these disasters occur in a
broad area, and their occurrence is instantaneous. Since changes
occur over a long period of time, measurement methods that deal
with these factors also are desirable. Data from NIMBUS and
TANDSAT have caused a rapid development in old measurement meth-
ods, and measurements of the physical quantities of natural
disasters by remote sensing technology are regarded as important.
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I1.3.6. Atmospheric environment

The survelllance of 03 and CO0,, which are factors in sudden /25
temperature rises in the sStratosphere that affect long-range fore-
casts of 2-3 months, and the understanding of the effects of the
rapid spread of large-scale industry and atmospheric pollution by
the automobile and airplane, are important not only in the field
of meteorology, but as a general problem of soclety as well. Sur-
veillance systems have been established by national and local
organs, and at the present time, surveillance of S0z, COz2, CO,

NO2 and NO suspended in the air isscarried out on the ground, by
sonde, and by aircraft. However, observation of spatial distri-
bution 1s extremely poor, and much hope is placed on satellite
data.

The launching of NIMBUS-G is planned for 1978 in the United
States. Surveillance of 0,3, CO;,aerosol, HNOj3, NO,, CHy, H,0,
and N0 will be done using the following sensors: Limb Infrared
Monitor of the Stratosbhere (LIMS), Stratospheric Aerosol Meas-
urement (SAM II), Solar and Backscattered Ultraviolet and Total
Ozone Mapping System (SBUV/TOMS), and measurement of, Air Pollu-
tion from Satellites (MAPS). Surveillance of pollution in ccas-
coastal seas 1is also planned.

IT7.3.7. Smaller-scale meteorological phenomena

The most important elements in weather forecasting are the
five factors of air pressure, air temperature, humidity, wind,
and atmospheric conditions. From an analysis of these, high and
low pressure areas are determined, and the movements of pressure
systems and atmospheric phenomena are predicted. For the deter-
mination of the basic parameters, ground instruments, ships,
buoys, aircraft, balloons, and weather satellites are used. Of
these methods, data from weather satellites are extremely effec-
tive, and forecast accuracy has improved remarkably.

However, weather satellites in the past have observed large-
scale weather phenomena, such as low-pressure areas, and typhoons
which have a horigontal extent &f from several hundred to sev-
eral thousand kilometers. They have not been suitable for the
observation of smaller-scale weather phenomena, which have a
horizontal range in the tens of kilometers, such as thunder-
storms, water spouts, mountain turbulences, and regional weather
changes. /26

At the present time, LANDSAT data are being used for investi-
gation and research on predictions of these smaller-scale :
meteorological phenomena.These data have been confirmed as use-—
ful in connection with convection current clouds, mountain
turbulences, reglonal atmospheric phenomena fair Weather tur— P
bulences, and snow clouds. HoweVver, it 18 THecéssary that the
senzine eduivl en
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sensing equipment carried on Japan's earth observation satel-
1it&E be more accurate and have greater resolwving power.

The mission requirements forzearth observation satellites
regard to the above-discussed fields of utilization are shown
Table 1., 1

In making the survey of mission requirements, in February
this year, a questionnaire was sent to the major organs shown
the table below.
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Key: 1. Organs to which sent 2. Number of questionnaires dis-
tributed 3. Number of answers 4. Notes 5. Government and pub-
lic service organs 6. National organs, regional organs, govern-

ment and publlc service researth organizations, public service
corporations, industrial organizations, companies, foundations

7. 8chools 8. Schools and school research organs, academic so-

cieties, educational organs 8. Totals

The chart below shows the results from the above table
arranged by field of utilization.
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Key: 1. Field of utilization 2. Number distributed 3. Number

of answers U4. Ocean 5. Land development 6. Agriculture and
forestry 7. Other 8. Totals
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TABLE 1.

EARTH OBSERVATTON SATELLITE MISSION REQUIREMENTS FROM THE POINT OF VIEW OF FIELDS OF UTTLIZATION

o| Purpose of use Object of Ground re-| Observa- |Width of |[Observa- Sen-— Required Notes
3 observation solving tion observa-|tion area |sors wave lengbths
p power or |period tion
P acouracy
Investigate oceancphys- The ocean Lo0m-1km |1/1-7 days 300 km |The sea MSS  [0.45-0.1 um Possible to apply
lcal phenomena: state in ihe 10.4-12.6 um |to construction at
of’ the sea, sea sur- vicinity SAR |1.3 GHz sea
face water temperature of JFapan ALT
and color, ocean lce
distribution, (the con-
. lfiguration of the bot- .
tom in shallow seas)
Applications to the The ocean 10-50 m 2/day 90-180 km |The sea MSS  |o0.44-0.86 pm -+ 0.44-0.54 im
situdy of marine re- (temperature|1/7.5-15 (10-50 km) [in the 10 5-12.5 um 0 54-0.62 um
sources and oceanogra- accuracy days vicinity VIIR 0 62-0.69 ym
phy: surface water % 0.1-0.5%) of Japan ¢ 0.70~0.86 jm
o [bemperature, sea cur- and off- amera Possible to apply to sea
@ [rents, sea color shore pollution by estimating
8 the amount of suspended
© pollutants and the
o amount of plankton from
& the sea coloxr
Investigation of the Lakes and 50~100 m 1/10=20 100 km |Large M3S 0.5-1.1 pm Altitude te Y400 km
environment of lakes marshes days lakes and 10.5-12.5 Um
and marshes. surface marshes
water temperature,
water color
[Erosion of coastline |Sea coasts 50 m- 1 km 1/year  |100-200 km|The entire| Sar |1.3 GHz
country TM |0-521 um
o
3 |Fiooa waters, survey of Flatlang, 50 m - 1 k| A any 100-200 km|The entire| MS3S 0.45-1.1 pm
% |damage done by high tides |seacocasts time country SAR | 1.3 cuz
L1 (preparation of £lood maps,
© |and maps showing damage
E done by £loods)
s Landslides, cave-lns, rock|Mountainous areas-|10-20 m Seasonal & |100-200 km|The entire| MS3S 0.45-1 1 ym Altditude 400 xm
# |and soil avalanches (map- |molsture content 50-100 m |2t 2 time country SAR .
% |ping of landslide-prone of soll, topogra- 1/10-20 days|
A lmountain axeas) phy & vegetation )
a
l_J
O
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(Table 1 continued)

g| Purpose of use ObJect of Ground re- Observa- jWidth of|Observa- |Sen- Required Notes
=l observation solving tlon observa-|tlon area [sors wave lengths
f.". power or |period tlon
P accuracy
Survey of crops and |a- Flatland - . The entire .d5-1.
| the outbreak of dis- |b- Mountains }50 m-1km |1/1-3 months|100-200 km country M55 0-45-1.1 ym
- 0 -
ease and pests (ciiti‘gﬁst‘g?' %?L];_‘less than 1/day 50 km
eased crops 5w
Investipgate changes in|Cities 30-80 m 1/1-3 months|100-200 km {Major M38 10.45-1.1 1m | Conerete examples
the environment of clties of objects of ob-
citles, environment servation
classiflication maps,
environmental pollu- NOx, NO, NO,, THC,
tion maps 0z, Dust
Investigation of a~ Clties 50 m-1 km| 1/day 200 km  [Major RBY 0.d5-1.1
atmospherlic pollution b~ Substances citles M38 =45=L.1 yum
c- Aerosol 50-100 m 3/day 100 km SMMR
Laser
radar
a- Inmvestlgation of |a~ The sea en- | 50-500 m 1/day~  1100-200 km[The entire | oo lo.45-1,1 ym | Wi1t have sufficient
pellution of sea areas|virons of wmonth country application if the or-
b- Investigation of |eitles SAR  11-3 ez ganisms of laxge red
pollution in rivers, [b- Flatlands ; tides can be distin-
o] 1akes and marshes, andland mountains VIIR guished by water coloz-
o| coastal sea areas c- Water tem- " ation (sea coloration),
] perature 0,598 1/10-20 days SHMMR and if the density of
I3 d- Water color- 50-100 m such oxganisms can be
& ation determined. The rela-
5 e= 0il pollu- |+, 100 km [10-1.1 m tionship between water
& Eion =50 m 4/day 11-1.25 um ¥
QG
£| Obher: for monitoring|a- Each of the colox and transparency
B after an incldent in ltwo above ghf; Ta;}o‘ri' MBS can be cleared up
order to evaluate the|b~ Sea areas 50 m 1/day 1.00-200 km aie:soggd Lon
effect on the environ-c- Thermal distxi- g-
ment batdon in a1l aress | 20750 m 2/day l bhelr en~ [Focus
d- Change inlandl 10 m 1/15-30 100 km virons camera
cover substances days| -

ze=Le/

qOOd ST ADV TVAIOTHO
AHL JO ALITISINNd0TdTd



e

{Table 1 conblnued)

o | Purpocse of use Object of Ground re- Observa- [Width of|Observa- Sen- Requilred Notes
— cbservation solving tlon observa~-|tion area |sors wave lengths
3 power or |[perliod tion
Py accuracy
o | Analysis of the heat | Cities 10 m 2/day 200 kn | Major o ombination waith |
environment of citles clties tical distribution of
temperature, made before
sunrise and at 1400 by
stationary satellite
Survey of the present | Fland flat- 50-100 m | 1/year 200 km | The entdre| MSS |0.45-0.75 Mm [Preparation of land use
state of land use lands, moun- country |Camera |Colox, in- classyfications (in com-
tains frared colox [|bination with data col-
VIIR |5.4-0.7 1m lected from aixcraft)
Survey of the present | Citles 30-80 m| 1/3-6 100-200 km| The envairons| MS3S 0.45-1.1 m
state of land use (for (10-30 m) menths| of princapal 10.2-12.5 pm
high-density areas} clties
Survey of vegetation | Mountains, 25-100 m |L/3 monthsll00~-200km| The entire| MSS [0 45-0.75 Um
(grasslands, hemp, flatlands country SAR | 1.3 GHz
mixed grazing and for- Camera lcoror, in-
ests frared coloxr
a|Soil classification Classifleation| 30-100 m [1/3 monthsl00-200 km| Holkkaido, MSS  lo.45-1.75 pm |Petexmination by the
= maps of soil types 51 the Tohoku | SAR amount of moisture in
o Region {all 1.3 GHz the =01l, determination
rl:l Japan) by amount of completely
] decomposed vogetataon
. in the seal
Q
o M35 10.45-1.75 um [niltitude 400 km
4| Observe changes in the| The contents 30-100 m 1/3 monthse(l00-200 km| The entire| SAR 1.3 GHz
+lconditlon of forests of forests (10-15 m) country High re~ 'rhfraved eolor
w solving,
O long—-£ocud
ﬁ camera
Investigate trends in | Flatlands 20-100 m L/3 monthsﬁOO—EOOkm Hokkaido, M3S  [0.45-1.75 um
rice-producing areas gilgtgiggk“ SAR 1.3 GHz
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(Table 1 continued)

- /| Purpose of use Object of Ground re-| Observa— |Wldth of |Observa- Required Notes
o observatlon solving tion observa~|tion area wave lengths
poar power or |perlod tion
P accuracy

Other: a- Observe the|a- Agricultural|less than|l/week 100 km |The entire Harvest estimates

area in preduction land 5m country

b~ Observe geologicallb- TFaults and |30-50 m 1/3 months|10-50 km

struetures rocks

Data on water resour- |Mountalns, 50-100 m |1/1-30 200 km The entlre

ces: distribution of |[flatlands days country 0.45-1.1 |m

water, snow accumula— 1.3 GHz

tion, accumulation of
o, earth and sand
[5)
5| Rlver basins: water Mountains, 50-100 m [1l/month 200 km The entlre Detect changes in the
5 quality, vegetation, |flatlands (10-15 m)|{1/1-2 (100 km) {country 0.45-1.75 e |hydrographic features
>| land quallty, days) (0.4-1.3 um) |of river baszins
9 topography

Observation of smaller 1/day- 300 km The entire 0.49-0.24 mm| ¥1°¢

atmospheric phenomena: 3/months country 10.5-12,5 }m

the distribution of clownds 500m — 19 Jan \ 0.45-1.1 m

and air temperature, tem- {1-10 km ox 10.4-12.6 um

perature of the land sur- 0.5-1¢‘km}

face and at the top of

clouds
o
& Data for the evalua~ |The radiation of 3/day in the| 10 lm The Ultraviolet, |Since there is an abso-
g | tdon of the income short waves up- daytime spot viclnity vieible lute value For the amount]
g and expenditure of ward, and of in- Z/day Bll of the of Japan Near infraredl!of radiation radiated
2z radlation frared wpward daytime |earth's sux- infrared out of the atmosphere,
21 face with- sensors must be cali-
© in the vi- brated. Analyzed by
ES slble field combining with measured
E values on the ground
o,
5] Other. The top of
5 Analysis of monscons |c¢louds
<
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IIT. Development of Earth Observation Satellite-Associated
Technology

™~
]

In this section, we will survey the state of development in
Japan and abroad of the equipment needed to be put aboard earth
observation satellites in order to meet the requirements of the
fields of utilization outlined in the preceding section. This
equipment includes visible and infrared sensors in the visible
and infrared field, microwave sensors and data recorders, data-
collecting systems, and incidental equipment such as systems for
data relay. We will also survey the state of development of
supporting technology in Japan, such as the technology for launch-
ing satellites.

ITTI.1. The Present State of Development of Earth Observation
Equipment Technology

JIT.1.1, Visilble and infrared sensors

Sensors in the visible and infrared fields have been roughly
divided into the visible and near infrared field, and the thermal
infrared fileld.

1Y. -Sensors in the visible and near infrared field.  In the
United States, the Multi-spectral Scanner (MSS) has been put to
practical use in LANDSAT, and the MSS (8-192) is used in SKYLAB.
In addition, the Thematlc Mapper (TM), and the High Resolution
Pointable Imager (HRPI}, are being developed for LANDSAT-D. The
Large Earth Survey Telescope (LEST) is being developed for SEOS
use. The detection element in use at the present time in sen-
sors is the Photo Multiplier (PM), and scanning is done by
mechanical scanner. However, a Photo Diode (PD) array is being
developed for detection elements, and it is surmised that this
array, or an electronic scanning system using a Charge Coupled
Device (CCD), will be used for scanning.

In Japan the PM has been used abeoard aircraft and carried on
rockets, and research and development has been carried out con-
cerning PC and CCD. It is believed that in the near future, all /36

of this equipment can be produced domestically.

In regard to telescopic gystems, aurora observation equipment
has been used on rockets| for séientific observation, and was car-
riedoon EX03-A. This equipment can be produced domestically.

Therefore, the MSS system needed by the estimated 1983 launch
time can be produced domestically if the requirements for per-
formance are not excessively high.

In the future, it is believed that a sollid-state picture-tzll-
taking system in an array sensor which uses CCD will be in cor
COMMOon ws = in
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common use in Japan and abroad. This system will include the
infrared field.

2) Thermal infrared sensors. In the United States, the Visi-
ble and Infrared Spin Scan Radiometer (VISSR) has been used in
the stationary meteorological satellite (SMS), and the Tempera-
ture Humidity Infrared Radiometer (THIR), the Surface Composition
Mapping Radiometer (SCMR), and the Return Beam Vidicon (RBV) in
the NIMBUS series. In addition, the VISSR Atmospherlc Sounder
(VAS) 1s under development for use in the GOES.

Conéérning detection elements, the HbCATe and Pb3SnTe have en-
tered the stage of use as simple light reception elements. Later
they will be put in an array of infrared detection elements, and
an infrared CCD willl be dewveloped which will tTransmit a signal.

In Japan, a HbCdTe detection element has been used in ground
equipment, and PbSnTe and CCD are under development. There will
be problems with the optics systems in connection with accelera-
tlion during launching, and the maintenance of accuracy in a space
environment, but the basics have been solved. For the present, )
in the scanning systems, the scanning will be mechanical because
of the use of single elements. Testing is necessary for the
scanning systems, ineluding the cooling system. If possible,
parts and material that have developed abroad will be purchased
at first, but as experience accumulates, the policy will be for
all domestic production.

In the future, a scanning array iIn combination with a CCD /37
will be used by Japan.

I1I1.1.2. Microwave sSensors

A survey of microwave sensors was conducted, classifying
them into passive microwave radiometers, active radar altimeters,
and wadar scatter meters, image radars, and laser sensors.

1) Microwave radiometers. In the United States, the Elec~
trically Scanning Microwave Radiometer (ESMR), the Nimbus-E
Microwave Radiometer (NEMS), and the Scanning Microwave Spectro-
meter (SCAMS) were carried aboard the satellites in the NIMBUS
series. In addition, the SMMR (Scanning Multichannel Microwave
Radiometer is planned for the NIMBUS-G and SEASAT-A, scheduled
to be launched in 1978. The resolving power of this microwave
sensor is low compared with that of the earlier visible and in-
frared sensors, but observation can be done withaa broad per
perspective, and it has the great merit of being all-weather,
not affected by climate, day and night, etc.

In Japan, we have had no experience with microwave radio-
meters in satellites, but the basic technology has been
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sufficiently established with radiometers on the ground, using
them for observation of solar radio emissions, and for atmospheric
nolse observation in connection with the manufacture of receivers.
In the future, these will be tested in space, and the necessary
planning done for reduction in weight of the antenna system and
for improving the resolving power.

2) Radar altimeters and radar scatter meters. These have
been used by the United States in the SKYLAB, and there are plans
for us%ng them in an improved form in the SEASAT-A to be launched
in 1974.

In Japan, we have no experience with radar technology on sa- /38
tellites, but the use of radar for weather, on ships and on air-
craft is Ffaikly well advanced, and it is thought that domestic
production can be achileved.

However, positive progress in the development of software
will have to be made in Japan, including that which is '"ground
truth" and "sea truth".

3) Synthetic aperture radar (image radar). Typical of syn-
thetic aperture radar is side-lookinggradar. It is expected that
it will be developed for use in many fields, since it can collect
pictorial data in all weather. It has been developed for use in
alrcraft in the United States, and was used in the safellite
APOLLO-17. It will also be used on the SEASAT-A. However, it 1is
said that data processing still has to be developed.

Ir1 Japan, the hardware and software are both in the research
stage, and ten years will be needed before it can be put into use.

1) Laser sensors. Laser sensors are expected to be used for
range finding and obserwatlon of the contents and condition of
the atmosphere. They are now being developed for use on alircrafit
and the space shuttle.

In Japan, laser sensors have been used for observing the con-
tents of the atmosphere from the ground and for range finding,
but compact, light, low power, high-output laser oscillators
must be developed. Since there is no strong "backup" system in
Japan, it is estimated that domestic production will be difficult
to achieve In 15 years,

The principal visible and infrared sensors and microwave sen-
sors are shown in Table 2.

ITT.17T3. Data recorders

r\
=
U

The United States has developed a standard recorder for space
for use on NIMBUS and LANDSAT satellites, but since these recor-
ders have a moving mechanism, they are not as reliable as zlsc-

PR §
.
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TARLE 2. °TABLE SHOWING THE PRINCIPAL EARTH OBSERVATION SATELLITE SENSORS

(except for the RBV AND MSS, translation of the
names of the sencor

1e provisional

Sensor Principal uses Varlous factors Other factors Satelllite on Notes
o T vhlech used or
ﬂa 8 Wave lengths g | planned to be
D {frequencies) b o used
9 o g g >
e S & | 2K
£ G- Sbo|vog
FERTR) O ExZ |jdwo
[N e} MO O |l A
=T O G ol =60
- Trequencies | 3.2 Miz| LANDSAT-1
RBV Observation of the fo‘r\legéggures_ 66 kg (1972,7)
] - -
(Return Beam| & | €3rth's surface g‘ggg gedlz m 185 ym | - E¥penditure [163 W LJ‘(XNDSAT—?
Vidicon Py ) T of power 1975.1
camera) > 0.690-0.830 m
4 3 cameras
Lal
@ 0.505-0.750 m 4o m | 183 km | Frequency l'(.ANDSA'I‘—-C
o for pletures 3.2 MH=z| (1977,9 Planned
P 2 cameras for Sept, 1977)
-— [',\
3'2_8'3 m . .~ Data rate |15 LANDSAT-1"
' ' Om
@ -
MSS £ | ovservation of the |9:7-0-8 m - Welght 59 kg | LANDSAT-2
(Muiti Spec-| 29 | Surface of the 185 km {~ Power
tral Scammer] @ & | €8Tth by different 10.4-12.6 m 540 m expenditure 60 W
A | wave lengths (LANDSAT-C only) LANDSAT-C
Vigible and 3, | Coastline configura- .- Data rate 12 NIMBUS-4 (1970,4) |Temperature
infrared 4»‘3: tion, pictorial dats Welght 20 k NIMBUS~5 (197212} |measurement
radiometer on the distributlon | 0.49-0.94 m 3 lan - Mels & |mimBus-6 (1975.6) |range -2 to
VIIR & | of clouds, observa- - Power 10 y |SEASAT-A (1978,4 +35%¢C
o tion of sea surface | 10.5-12.5 n 5 Yom |1,500 ki expendlture planned for Temperature ac-
(Visible/IR | w | temperature April 1978) euracy T1°c
Radiometer)| &
High-resolving power| 0.5-0.6 m -~ Data rate 2ho
M o | observation of the 0.6—0.5 m
& | surface of the earth| 0.7-0.8 m 30-40 LANDSAT-D
(523323%‘0 ey by different wave 0.8-1,1 m n {planned for
o | length 1.56-1.795 m 185 tam | 1980)
2 2.08-2.38 m 5 Welght 120 kg
n - Power 75 W
- expenditure
= 10.4-12.6 m . p
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(Table 2 continued)

{except for the RBY AND MSS, translation of the

names of the sensor

S 15 provisional)

Sensor Prinecipal uses Varlous factors QOther factors Satelllte on Notes
o i which used or
fg o Wave lengths o o planned to be
“ (frequencies) o 2 °g - used
g3 8 Col b | 25
E~ S0l paod
PP o= |Two
o ® O HOO | o
= o (G I e e R}
=]
Obsexvation of the sur- 3 L - Data rabte 30 Mbit/s
LEST o face of the earth by 0,2«1,.5 m 5| lg g A . . 1.5 SEOS
different wave lengths = Aperture o «2m 4
(Large Earth : by the large earth sur.’- % sg 200 km reflectlon (Planned for
suryey a8 2B telesco 1982)
Telescope) n £ | vey telescope from a o Qg elescope
& & | stationary satellite £S5 8
87 km x Range of mea-
Observation of sea 6.6 G}EZ 144 Rm - Data rate 2 Kbit/ NIMBUS-5 surement of sea
SMMR surface wind speed,
a 58km x surface wind
(Scanning g |Gemperature, distri-|  10.7 GHe 85 kni NIMBUS~6 velocity 0-50
pultl- S o vater vapor 18.0 GHg 3In Xgo0 gm |- Welgnt 42 kg | SEASAT-A m/s, accuracy of
frequency 2 and water vapor * H; 53 km* measurement of
Microwave ot 27 km x N sea surface wind
?21.0 GHz Fower 50 W NIMBUS-G
Radiometer}| 4 42 km expenditure (Planned for |Velosity =2 m/s,
« 37.0 GHz 16 km x Sept 1978) temperature ac-
B ) 25 km ) curacy T2%
Height
p |Observation of the 13.5 GHz - Data rate |10 xmit/s| GEOS-C £10 am, Range of
ALT £ |average helght of | . wer 125 W 5% [1.6 xm |~ Antenna Imé para{ SKYLAB wave ht. measrmt]
(Radar o sea waves, sea cur- 12 km bola 1-20 m. Accuracy
Altimeter) | 2 rent geoid, tidal Spot - Weight {15° beam of wave ht mea-
5 |currents, swells and width) surement £50 cm
» - Power
tsunaml 70 kg or t10%
s |7 expendlture |50 v~ | sEasar-a
Observation of wind | 14.595 GHz orbit - Data rate 2 Kbit/s| SKYLAB gi:g:egi e
track 25%x0,5 o
SCAT speed on surface of peak pover 125 W |50 km| 5F2 _ Antenna €25%x0,59 velooity 2-26mf)
o |sea, wind directilon Z % 4
(Radar g ? {40%0.59 ) accuracy of mea-
Sca;:gzg; = ? — Welght- x 1 surem:nt gf wind
o Z 60 kg | SEASAT-A velocity *2m or
5 60 km L0%, accuracy
-l -
: b A b ororer o mpsaurement
< S00 500 expenditure tion Zpge
km km
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{Table 2 continued)

(except for the RBV AND MSS, translation of the

names of the sensor

S 18 provisional

Sensor Principal uses Various factors Other factors Satellite on Notes
= | which used or
w0 Wave lengths 2 e ) planned to be
O {frequencies) ] o o used
g o g &
o 0 g i | o
£ 0 ==} 208
Do oz |Two
O o O HO O |
=0 tno| =0
Plctorial data of 1.340 GHz Orbit |- Picture 18 MHz | APOLLO-17 Range of wave
SAR the sea surface and traclk frequency l4mx2m| (1972.12) length mea-
(Synthetiec v [of sea lce, obServa-|peak power 300 W |25 m - Antenna (1°x6°) surement
Ayerture g |tlon of ocean tsunami 50-1,000 m
p + land wave dlrection - Weight 80 kg | SEASAT-A
Radar)
O ~ Power 250 W
K expenditure
2 ;
& BT
230 100
ki Kkm
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elecIn Japan, we are fairly advanced in making tape recorders for
consumer use, but have absolutely none for space use. The ones
used in the Ionosphere Observation Satellite (ISS) were purchased
from the U.S.

When information is collected over a wide area by orbiting
satellite, the data must be fransmitted to a ground station. The
methods for this are those which use data recorders and thoséls
which transmit to several ground receiving stations in real time,
or which transmit the data to a ground station using a data relay
satelddte. The U.S. plans to use a data relay satellite for

LANDSAT-D (planned for 1980), and in this case, 85% of the earth's

surface can be covered by two relay satellites and one ground
station.

b

ITT.1.Y4. Data collection systems

The recent NIMBUS and LANDSAT satellites have DCS capabiliities.

The merits of DCS in orbiting satellites are (1) it is easy
to measure the position of DCP floating systems by using doppler
shift, and (2) since the altitude of the satellite is low com~ _
pared to a stationary satellite, and since if is easy to use DCP
with low transmission output and a low expendlture of power, the
DCP can be madé compact and light, and the cost is dow.

The stationary weather satellite (GMS3) to be launched in July
of this year by Jdapan 1s equipped with a DCS. The DCP are to be
ships, budys, and isolated islands.

IIT.2. The Present State of Development of Earth Satellite Tech-
nology in Japan ) :

JIT.2.1l. Artificial satellite launching technology

The rocket used for launching Japan's artificial satellites
is the N rocket developed by the Space Development Project Groups.
This is a three-stage rocket with an overall length of 32.6 m,
and a total weight of 91 tons. For the first and second stages,
a radiowave induction system that uses liquid fuel has been &
adopted, and for the third stage, a spin stabilization system
that uses solid fuel has been adopted. The Experimental Techni-
cal Satellite ETS-I, September 9, 1975, and the Ionosphere obser-
vation satellite ISS, February 29, 1976, were launched into
medium altitude orbits. Later, on February 3, 1977, the ETS-II
was successfully put into a stationary orbit.

In order to meet the requirement of launching large-size
satellites in the future, N rocket IT is planned for use in
launching GMS-II in 1981, and a rocket using a liquid oxygen/
llquld hydrogen engine is planned for use in launching satellites

.z!
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from that date to about 1995. However, earth observation satel-
lites have orbits of medium altitude, and have no spin because

of the requirement for triaxial attitude control. A second

stage rocket that can be detached from the satellite is desirable.
In addiftion, in order to put the safellite intoc a polar orbit
from the launching position in Japan, a re-ignition capability

is desirable.

ITT.2.2. Artificial saftellite technology

Japan's artificial satellites can be roughly divided into the
scientific satellite series, and the practical series. The for-
mer series began with the launching of "Osumi)' developed by the
Space and A8ronautics Research Center of the University of Tokyo,
and launched February 11, 1970. Seven scientific satellites have
been launched up to the present time. In addition, the EXOS-A&,
EX0OS-B, ASTRO-A, and ASTRO-B are under development.

~
=

The latter series began with the launching of the ETS-1
developed by the Space Development project group and launched on
September 9, 1975. Three satellites in this series have been
launched. In addition, the medium capacity stationary communica-
tions satellite (CS), the medium-sized broadcast satellite (BS),
and the experimental stationary communications satellite (ECS3)
arenunder development. In addition to these satellites, ETS-III
is being developed for experiments in connection with tri-axial
attitude control, solar paddles, and heat control of active sys-
tems, and ET3-IV is being developed for the purpose of conflrm&ng
the capabilities of the N rocket/

ITT.2.3. Orbits

The orbits generally used for earth observation satellites
are solar-synchronous orbits, solar non-synchronous orbits, and
stationary orbits.

The solar-synchronous orbit is one with the orbit angle of
incliination more than 90 degrees, and one which conforms to the
annual movement of the sun, which, as seen from the earth, moves
~0,98 degrees to the ast daily. A solar non-synchronous orbit
has an orbift ineclination angle of less than 90 degrees, and the
rotation does not agree with the annual movement of the sun. An
orbit in which the orbit inelination angle and the eccenftricities
are both 0,and the satellite is stationary witherespect to the
surface of the earth, is called a stationary orbit.

Of these orbits, the solar-synchronous and solar non-
synchronous orbits are suitable for earth observation satellites.
In the case of Japan, the solar non-synchronous orbit is appro-
priate at the present time due to range safety problems,.
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IV. Proposed Plans for the Development of Earth Observation 746
Satellites in Japan ;

IV.1. Plans for Earth Observation Satelliftes in Foreign Countries

Since the beginning of the 1970s, the United States has
launched the earth observation satellites LANDSAT-1 and -2 with
the purpose of gathering information about the surface of the
earth. These satellites have been an enokRmous success.

As sequels to themg the United States plans to launch LANDSAT-C
ard -D, SE0S, and NIMBUS-G in the 1980s to collect information
about the earth. Along with these, the SEASAT series will be
launched to collect information concerning the oceans.

From 1974 through 1976, NASA conducted a survey on the future
of space development ("Outlook for Space™). The section on earth
observation covers up to the 2lst century.

In countries other than the United States, there is activity
for the development of earth observation satellites in ESA,
Canada, the So¥iet Union, and India.

1) Plans for earth observation satellites in the United States

1) LANDSAT-C R
LANDSAT-C, the sequel to LANDSAT-1 and LANDSAT-2 which
are in operation, has been approved by Congress to be
launched after the fall of 1977.
Below is an ocutline concerning this satellite.
(1) Sensors carried aboard
(a) MSS: In addition to the observation frequency
bands 0.5-0.6 um, 0.6-0.7 uym, 0.7-0.8 um and
0.8-1.1 ym (the same as Ffor LANDSAT-1 and -2),
10.4-12.6 ym will be added for thermal infrared.
The ground resoclution poWwer will be 80 m for
visible and near-infrared, and 240 m for thermal
infrared.
(b) RBV: There will he two return-beam video cameras
with an observation frequency band of 0.505-
0.750 um. The ground resolution power will be
improved to 40 m.
(2) Other: Orbit elements are the same as for LANDSAT-1
and -2, and are shown in Table 3.

]\
=
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2) LANDSAT-D
LANDSAT-D has not yet been approved by the American Con-
gress, but the plans are for it to be launched about 1980.
In addition to the sensor, M3SS, carried by LANDSAT-C,
LANDSAT-D will carry a multispectral scanner with high re-
solving power called TM (Thematic Mapper)..

]
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TABLE 3.

AMERICAN EARTH OBSERVATION SATELLITE PLANS

m% lH ,%‘E ruE Mlsslon and mission Orbit factors gommuni cations frequencies (MHz) Date (kbit/s) Notes
o~ [05 g2 equipment (abbreviated)
prlgsHo Eg Use Recep- [lrang- Real Play=-
B R K tion | mission) time back
RO Lo e [T
Mission: collectlon of pictor-|Solar-synchronous, - o
e~ 1al data from the surface of |quasi-recurrent orbit; |° grfn;];lgg g'iggj 2,287.5 llgrogo 2 28
o S | o {the earth; Equipment: a- Two |Orblt altitude: 915kmy|~ -IT0°7 g SRR "o | 15,000 [S°4 8
! ! l-band return-beam video cam- |Inclination angle: - MSS or RBY data pazee ' [P
E ~ - RBVor MSS data - 2,229.5 - -— a e o
P & eras b- A G-band multlspec- |[99°; Rotatlon time: 20155 1 - - " |Buh¥
a i a tral scanner c¢- A data collec]103 minutes; Period ofj D% ii‘ta 7 1aves - o |dgw
=18 tion system d- A wide-band recurrence- 18 days | *rac¢ e 154 2 - —leEe g
3 o video tape recorder = Comman R
o \aHE
1
m d Mlssion: collectlon of oceanic |Solar nonsynchronous, |- OChservation data 2,287.5 25 640 |y Ty &
=3 oy | 3 {data; Egulpment+ a~ Radar zl-jquasi-recurrent orblt; |- " 2,265,5| 15,060 — |58 Y~
el timeter b- Synthetic aperture{Altitude: 800 km ~ Command 2.106.4 - 1 -— RO
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(Table 3 contilnued)
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The ground-resolving power is 30 m for visible and near-

infranfrared, and 120 m for thermal infrared.
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3) SEASAT-A

SEASAT satellites are a link in the American Earth and
Ocean Physics Application Program (EOPAP). They are to moni-
tor the oceans, and to collect data essential %o cceanophysics
from the surface of the sea.

The American Congress has approved the launching of

SEASAT-4 in 1978, and SEASAT-B in 1982.

Sensors to be carried on board are:

- Radar altimeter (for the observation of satellite alti-
tude, wave height, and the geoid)

~ Radar scatter meter (for the observation of wind direc-
tiéon and velocity on the sea surface)

- Synthetiec aperture radar (for the observation of sea
waves, distribution of sea ice, and the "topography'" of
the sea surface)

— Microwave radiometer (for the observation of sea sur-
face water temperature, sea surface wind direction and
wind velocity)

SEASAT will carry equipment for the reception and proces-

sing of doppler data from NAVSTAR (Navstar global positioning
spaceecraft) for determining the position of other satellites.

~
I=
o0

|

) SEOS

SEOS (Synchronous Earth Observatory Satellite) is planned
for the constant observation of the same area, in contrast to
periodic observation of all areas of the earth by LANDSAT sa-
tellites. For this purpose, it will be launched into a sta-
tionary orbit 36,000 kilometers over the equator. It will
collect pictorial data with a resolving power of 100 m with
a Large Earth Survey Telescope (LEST) which has superior re-
solving power.

NASA plans to launch SEOS in 1982, but the plan has not
vet been approved by the American Congress. The intended
mission is the observation of changes in earth phenomena that

occur in 24 hours or less,,monitoring of the environment,
and the observation of smaller meteorological phenomena.

5) NIMBUS-G

The launching of NIMBUS-G is planned for 1978 for sur-
veillance of atmospheric pollution, and oceanophysics obser-
vation.

Plans are for the NIMBUS-G to carry the following sensors.

a. CZCS (Coastal Zone Color Scanner)

b. ERB (Earth Radiation Budget)

¢. LIMS (Limb Infrared Measurement of the Stratosphere)

d. SAMS (Stratospheric and Mesospheric Sounder)

e. SAM IT (Stratospheric Aerosol Measurement)



f. MAPS (Measurement of Air Pollution from a Satellite)
g. SBUV/TOMS (Solar Backscatter Ultraviolet and Total Ozone
Mapping Spectrometer)
In addition, visible and infrared radiometers (THIR) and mic=c
rowave radiometers (SMMR) will be carried.

2. Bmerican long-term earth observation satellite plans up to
the 21st century

According to a space development survey conducted by NASA,
plans related to earth observation satellites (excluding geodesic
and atmospheric) are divided into (1) collection of land data,, _
~(2) high power resolution microwave data collection, (3) ocean

survey, and () data collection on atmospheric poliution.

1) Collection of land data. The ground resolution power of
the MSS In the present LANDSAT serles is 80 m, but by the _ ___ _-
end of the 1980s satellite sSystem, it is planned to gather land
data with multiwave visible infrared sensors which will conduct
global monitoring with a ground resolution power of 30 m, and
with multiwave visible and infrared sensors that will conduct
sampling monitoring with power resolution of less than 30 m. By
the end of the 1990s, all-weather active microwave sensors for
land data collection will be developed and in use on satellites.

2) High power resolution microwave data collection. In the
early 1980s, the technology for placing large antennas in space
using a space shuttle will be established. With this technology,
by the middle of the 1980s a satellite system for investigating
soil molisture, snow accumulation water, and salinity with radio-
meters will use long-wave antennas of 100-300 m. /52

3) Ocean surveying. Continuing from the SEASAT, which is
planned for 1978, sensors will be improved with ocean survey
technical satellites, and in the late 1980s an ocean survey sys—
tem will be put into operation. In the 19908 the sensors will
be made highly accurate.

4) Data collection.concerning atmospheric pollution. Subse-
quent to the launching of NIMBUS-G (for atmospheric pollution ob-
servation) in 1978, sensors will be improved, and from the late
1980s the ionosphere will be monitored, and a system for monitor-
ing polluting substances in the troposphere will be in operation.

3. Plans for the development of earth observation satellites
in other foreign countries

In addition to the United States, studies and plans are beilng
made for earth observation satellites in Canada, the BEuropean
Space Agency (ESA), and India.
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1) Canada's ocean observation satellite plans. The principal
sensor being discussed for the ocean observation satellite is L-
band image radar (SAR), with an observation width of 200 kilo-
meters and resolution power of 25 m., The satellite will have an
almost polar orbit at an altitude of 650 kilometers, and the per-
iod of recurrence will be 11 days. In this way, an area north of
60 degrees north latitude can be subjected to repeated periodic
observation every 4-5days. Another sensor 18§ a two-channel opti-
cal one. TIf two satellites are put into orbit, all-weather sur-—
velllance of the Are¢tic Ocean can be done onceevery two days.

{2) ESA's plans for earth observation satellites. The concept
for satellites in ESA is to conform to the needs of each country
in Europe, and also to meet the requirements of the developing
countries.

France will launch the first earth observation satellite,
Systeme Probatoire d'Observation de la Terre (SPOT). An outline
of the plans for this satellite proposed to ESA is shown in Table
4. fTwo kinds of multifrequency visible and infrared radiometers
will be carried.

a. Super-high resolution, ¥isible near-infrared sensor:
Ground resolving power: 20 m
Scanning width: 60 km
Frequency bands: 0.5-06 um; 0.6-07 um:; 0.7-0.8 um; 2. 1.
0.8-1.1 um.

b. Visible, near—~infrared and thermal infrared radiometers.
Ground resolution: 100 m (visible and near infrared)
200 m (thermal infrared)
Scanning width: 300 km
Wavelengths: Visible and near-infrared - I bands

Intermediate infrared - 2 bands
Thermal infrared - 1 band
In addition, one band is planned for water vapor compensa—

tion.

SPOT, proposed by France, is to be launched in 1983 with an
Orion ro cket .

There are no firm plans for ESAt's second earth observation sa—

tellite, but it 15 belleved that radar sensors will be carried
aboard. R -
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TABLE U,

PLANS FOR EARTH OBSERVATION SATELLITES

IN FOREIGN COUNTRIES OTHER THAN THE UNITED STATES

Name of sa- Presence Presence bate of
tellite and| Mission Program Orbit Sensors (abbreviated) or lack of)  "1.ck o |launching
progress factors data col-
country data ( P lanned )
lection
system recorder
Earth - Vadecon camera (VC)
ax -
ReSoULCas [ilm camera (FC) tnde— Wall have |Unde-
- Wave lengths: texmined [data re- termined
Eurvey Several bands between 0.45-0.9 jm | - arg s ermne
Satellite (VC)}, Seven bands between corde
The Sovaet (0.5-1 2) yum (FC)
Union orbit = Scanning wadth: 200-300 km
The same as for LANDSAT |The satellite is |altftude...500 km |~ Resolution 100 m (VC), 80-120 m
believed to be Orbit inclination {rey
under development |angle...... 87° = On-board £ilm developing eguipment
and electronic scanning equipment
will be included in the satellite
system
Carth Earth cbservation exper-), agreement was - Two TV cameras, wave lengths 0.54-|, . = | 1978
Resouyces | nents meteorology and concluded in 0.66 m, 0.75-0.86 m ! 8
Survey water use, Collectionofl,© "4 "1976 con— - Two microwave radiomieters
3 data concerning the M
atellaite cerning prepara-
oceans and use of water tion of 1 h
India from precipitation, and lans Hitiugﬁ Ang
collectn of oceanio datasgozlet Union b Orbit
To establigh fundamen- altitude...500 km
tals for future cpera=-
tional satellates
gs:iglllancen.demonstration of op~ |Ceasibility stud- Height 650 km |~ Synthetac radar, wavelength: Lband Und 411 h a
erational ccean monltor-|ies done in 1975 [Do-9XEe--- ~ Seanning width- 200 km nde= w ave no [In the mid-
Satellite Inclination termined [data record-|dle 1980s
ing 1 a0 - Resolution 25 m
canada angle..... 9 ng system
Earth Two mult length, visible infra-
Resources |Larth observation Preparatory stud-|Altitude...B09 kmTWO multi-wavelength, visible aintxa~| . . .. .. Unknown 1983
Survey satellite ies will be com~ |Inclination red radiometers recorders
satellite pleted in 1977 angle......98.6° |1~ Wavelength: visible infrared 7-8
Racurrent period bands, reasolution, visible and
France 13 days near infrared: 100 m, thermal
infrared: 200 m
égrgg;?ed R 2- Wavélength wvisible and near in-
frared; resolution: 20-30 m
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Iv.2, Proposed Plans for the Development of Earth Observation
Satellites for the Next 15 Years

IV.2.1. Basic concepts concerning the development of earth ob-
servation satellites R

In section I of this report, the role that Japan's earth obszer
servation satellites should play was discussed; in section II the
requirements for the various fields of utilization were discussed,
and in section III the development of technology in connection
with earth observation satellites was discussed. Based on those
discussions, the following basic concepts concerning the develop-
ment of earth observation satellites in Japan are thought €6 be
appropriate.

1. The long-range goal for the establishment of technology
should not be limlted to meeting domestic requirements for the
next 15 years, but should also have the goal of fostering inter-
national cooperation.

In meeting the requirements of the fields of utilization out-
lined in section II, there is an urgent need for Japan to develop
a system to insure supplies from ocean resources (fisheries), and
to establish a system of ocean surveillance to cope with the 200
nautical-mile fishing zone system. It is also essential to es-
tablish systems for the collection of data concerning agriculzu
tural resources, for the management of marine resources (plankton
dlstrlbutlon),iﬂn?dlsaster prevention, for land use, and,

tohgqgigor the environment in order to cope with increase of oo

population, concentration in cities, expansion of industrial
activity, and the continued deterioration of the environment.

Pl rom

In international cooperation, it is necessary to support
neighboring countries politically, and to adopt the view tThat
long-term stabilization of the supply of food andonatural resour-
ces is essentialffor broadenlng and strengthenlng the basis of
national existence. 1t is also essential to strengthen ties of
friendship and to provide for the stabilization of the supply of
resources by cooperation, insofar as it 1s possible, in planning
the development of the nations of Southeast Asia, South America,
Oceanla, the Middle East, and Africa, as well as to help plan
the development and management of their resources. The countries
of Asia expect the international cooperation of Japan. For the
accomplishment of all this, it is necessary to quickly establish
the essential technology.

2. Two series of earth observation satellites will be develsrsl
oped, satellites for collecting data concerning the Gceans (sea
satellites), and satellites for collecting data concerning the /58
land (land satellites).
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The earth observation data which will be collected can be
roughly divided into ocean data and land data.

Ocean data includes water color distribution, distribution of
water temperature, distribution of sea ice, wave height, sea sur-
face geoid, wind velocity on the sea, wind direction, ocean cur-

rents, and the §alinity of sea water. These data change in a shorv

short period of time (several hours or several days), and are dis-
tributed over a large seaszarea. The sensors required to collect
these data are visible and infrared radiometers (high resolution
not necessary), and microwave radiometers, microwave altimeters,
microwave scatter meters, and image radar, The principal func-

tion of the sea satellites will be to observe a wide area for a sihc

short period of time. For this reason, the orbit should be one
which covers most of the surface of the globe in one or two days.

The chief data collected by the land satellites will be data
concerning crops, the conditions of land use, snow cover, geolo-
gical structures, geothermal distribution, and the environment.
The rate of change in these data is slow (several weeks or months),
compared to that for the oceans. Since the area of collection is
small compared to the oceans, the sensors must have high resolv-
ing power (high accuracy). The required sensors are high resolu-
tlion visible and infrared radiometers, sensors for determining
the contents of the atmosphere and microwave image radar. The
function of land satellites is to observe a smaller area with
more accuracy and for a longer period of timesthan sea satellites.
For this reason, an orbit similar to that of LANDSAT i§ suitable.

The type of sensors required (and their accuracy), as well as
the orbit are different for sSea satellites and land satellites.
Thus, it is appropriate to develop two series of satellites. Sa-
tellite technology will be mutually used in both types of satel-
lite as 1t is developed.

3. The sea satellite will be developed before the land satel-
lite. There exlsts at the present time a system for gathering
data concerning fishing conditions, but it is limifed chiefly to
data concerning sea conditions and water temperature, and depends
on spot measurements by a small number of ships in a broad ocean
area. With this kind of system, it 1s very difficult to obtain
simultaneous data over a wide area of foreign seas. In this age
of 200 nautical-mile fishing zones, obtalning large catches of
fish while preserving marine resources has become an important
national problem for Japan. Thus, the establishment of a system
for collecting ocean information by sea satellite has become a
necessity. At the present time, the sensors necessary for the
collection of the essential sea resourcesdata (water color and
water tempersature) are visible and infrared radiometers and pas-
sive microwave sensors. Since the technology required te analyze
this kind of ocean data is not difficult, it is expected that 1t

4o
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can be developed along with the sensors by about the end of the
1970s. As a final objective, active sensors (radar altimeters,
ete.) should also be developed as soon as possible.

It is expected that land data of 80 m resolubtion will be avail-
able by about 1979 from the LANDSAT ground reception, and proces-
sing stations installed by the Space Development Project Groups.
Thus, the requirements for these data can be met in this way for
the present. TFurthermore, since superior analytic technology is
necessary for extracting land data compared to extracting marine
resources data, the development of analytical technology by the
use of LANDSAT data should be a prerequisite for the launching &1
a land satellite.

In such a situation, it is appropriate to developsa sea satel-
1ite before developing a land one.

4. In developing the satellites, all efforts will be made to
use Japanese technology, and a system of related technélogy will
be developed.

" a. The necessity for the development of an independent
technology

Concerning Japan's satellite-associated technology,
an experiment on tri-axial attitude control will be con-
ducted by the launching of the experimental technical
satellite-TIT (ETS-III), which is scheduled to be launched
in 1981. In this experiment, we expect to establish the
essential techneclogy common to earth observation satellites

Concerning satellite-=-launching technology, the N
rocket has already been achieved, and in 1980 the capabi-
lities of N Rocket II will be confirmed,

Concerning sensor-related technology, fundamental re-
search and development is beginning only now, but except
for some special technology, we, in general, have the ba-
sic technology, such as optical technology, precision
machinery technology, electronics technology, microwave
technology, and data-processing technology. Thus, we be-
Tikeve that Japan is provided with the necessary technolo-
gical fundamentals to proceed independently.

In the future, it is expected that earth observation
satellites will be the pillar of space utilization, along
with weather, communications (including broadecast), life
sclence, and raw materials satellites. Earth observation
systems will offer useful data in an extremely large field
of utilization. On the other hand, in the development of

~such a satellite system, a great many fechnical fields

b1
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must be brought together and developed more intensively.
The resuits of this intensive development will directly
or indirectly affect all domestic industry.

The introduction of American and EBuropean techunology
is gradually increasing in the development of Japan's
space program. The introduction of high-level technology
in the future cannot be expected to be in the national in-
terest. Furthermore, even if the importation of techno-
logy were compatible with Japan's independence, it would
not necessarily guarantee continuity and stability. The
specifications of foreign technology are not always the
same as Japan's, and inconsistencies as well as depen-
dency would arise.

The development of independent technology is also im-
portant from the point of view of international coopera-
tion. In the future, plans for earth observation on a
global scale are expected to be developed. An example of
this is the plan for atmospheric observation (GARP). In
these cases of international cooperation, it is necessary
that Japan have an established independent technology in
the fields of utiligation in order to be able to cooper-
ate independently.

b. The necessity for fostering the systematic develop-
ment of Telated technologies:

In order to sufficiently meet the requirements of usess
users, it is necessary to have the world's highest level

el T technology In the development of space technology,

tThe expenditure of large sums and a long period of time
are required. For these reasons, in the development of
earth observation satellite-associated technology, selec-—
tivity must be exeréised concerning long-term technical
developments.. For the tethnology selected for develop-
ment, it 1s necessary to build onto the research and de-
velopment already accomplished, and to systematically
foster the continuous development that will satisfy fut-
ure requirements.

In selecting the technology that should be developed
independently, the following points should be carefully
considered.

(1) The technology selected should be essential for
the achievements of missions which are of great im-
portance for the future, for world space development,
and for Japan.
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(2) The technology selected for development should
not be obsolete after the goals of the first fifteen
years avre met.

(3) In selecting technology questions such as, does
the ftechnology have potential for future development,
can far-reaching effects be expected, and will it form
an Industry that can be exported, should be asked.

For the techneclogy that does not conform to the above,.
the infroduction of foreign technology and purchase must_ .
8 " "be considered.

In Japan, at least 5 to 7 years will be required for the es-
tablishment of space technology to meet the requirements of users.
In formulating policies for technical development, it is necessary
to keep in mind Japan's development plans of the next 15 years,
while considering the trends in foreign countries. Based on this
overall 15-year view, the launching of the second satellite should
be based on the results achieved by the first, the third on the /62
results of the second, and the fourth on the thlrd, ete., in a

"step-by-step" development goal. Since it requires several years
at least for the reflection of technical achievements, in this
survey the technology required for the first satellite will be con-
sidered as the technology meeting the requirements (missions) for
the next 15 years.

5. The target for the first earth observation satellite (sea
satellite) is 1983. Sea gatellite number two is expected to be
developed soon after 1985, establishing basic sea satellite tech-
nology.

There 1s a strong desire to develop Japan's earth observation
satellites as soon as possible for the fields of utilization out-—-
lined in section II of this report. It is especilally urgent %o
develop the sea satellite for the reasons given in item 2 above.

The new technology required for earth observation satellites
is triaxial attitude control, the development of solar paddles,
and active system heat control. Experiments concerning this will
be conducted with the experimental technical satellite TIII(ETS-
IIT), planned to be launched in 1981. If this experiment is suc- ~
cessful, it will take at least two years for the results to be
reflected in the first earth observation satellite.

With regard to the major sensor equipment for the sea satel-
lite mission, it is believed possible to develop the visible and
infrared radiometers and the microwave radiometer necessary for
the achievement of the mission by 1981-82. This belief is based
on the prospects for development outlined in section II of this
report. These sensors will be a part of the basic equipment for
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future earth observation satellites. The visible and infrared
radiometer, especlally, will be a basic sensor for common use in
both sea and land satellites of the future. Also, the microwave
radiometer has a use in the fufture as an infrared all-weather sen-

sor. These sensors are also essential for the development of fu- -

ture active microwave sensors (microwave dltimeter, scatter meter,
and image radar).

In thiés background, the target date, 1983, is believed to be
appropriate for the launching of the first earth observation sa-
tellite.

A major mission of the sea satellite will be to observe ocean
wave phenomena, in addition to water temperature and water color
observation, by visible and infrared radiometer. The microwave
altimeter, microwave scatter meter, and the microwave radiometer
will be made part of the mission equipment of the second earth
observation satellite, as will improved versions of the micro-
meters that were carried on the first earth obserwvation satellite.
The basic technology of sea satellites will be almost completely
established by the first and second earth observatlon satellites.

In considering the life of the sea satellites and the develop-
ment period for new technology, we believe that about four years
is a suitable interwal for launching another satellite.

Land satellites are also necessary, bubt in degree of urgency,
they can be developed after sea satellites. We believe that it
is appropriate to plan for the first launching of a land satellite
in 1987, by which time it is expected that a visible and infrared
radiometer can be developed with an accuracy equivalent to that
of LANDSAT-D. Subsequently., a new satellite should be launched
every four years, at the same interwal as for sea satellites,
while making improvements along the way.

IV.2.2. Proposed plans for the development of earth observation
sate liites-————

1. Plans for the development of earth observation sSatellites

Based on the basic concepts for development outlined above,
we believe that Japan should develop and launch earth observation
satellites fér the next 15 years as below.

1) The first earth observation satellite

The principal mission of the first earth observation saz
tellite to be launched in 1983 willbe that of a sea satellite,
but it will be used for the development of technology common to
both sea and land satellites.

4y
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It will be eguipped with sensors such as the visible and /64
infrared radiometer, and microwave radiometers that have pros-
pects for future development, and will collect data that can be
used as suitable filelds of utilization are found.

A chief aim of the first sea satellite will be to develop
the basic technology for a superhiighih resolution, visible and in-
frared radiometer for the future, and to evaluate and confirm data
collection capabilities, especially for the urgent data concern-
ing ocean resources. A visible and near-infrared radiometer
which uses multi-element array detection elements will be devels:
oped. The ground resolution of this radiometer will surpass that
of LANDSAT-C, from which Japan expects to receive data. It is
technically feasible to develop the ground resolution to 50 m at
the present time.

Concerning the infrared field (thermal infrared field), it
is not possible at the present time to develop infrared multi-
element array detection elements. Therefore, an infrared radio-
meter (equipped with supplementary visible fileld observation
bands), which uses single-~detection elements, will be developed.
The goal is a ground resolution of 1-2 km, and temperature reso-
lution of 1°C.

Wath regard to microwave radiometers, a chief aim of the
Tirst sea satellite will be to establish the basic technology for
the future development of high-performance microwave radlometers.
In order to improve the temperature resolution of microwave ra-
diometers and expand the observation width, scanning will be done
with an antenna system. ©Small antennas are necessary to reduce
the effects of vibration on the body of the satellite. The freg-
uency bands. (reception) used for the microwave radiometer of the
first satellite will be ones used for radio astronomy, (23 GHz and
31 GHz), s0 as %o avoid interference from ground communications
cibeuits., In this case, the collection of temperature data, which
are very important data, will be difficult, but 1t will be possible
to collect data concerning the amount of water vapor in the atmos-
phere. The development of analytic software for the extraction
of necessary data can be expected to accelerate. /65

Concerning data recorders, data collection systems, and
laser reflectors used for determining orbit altitude, studies
wlll be continued concerning their future development and use on
satellites.

This first earth observation satellite will be chiefly an
experimental satellite to test the performance of the mission
~equipment,

2) The second earth observation satellite

The launching of the second earth observation safellite,
planned for 1985, will be based on the achievements of the first
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satellite, and its aim will be the establishment of basic ftechno-
logy for sea satellites. The sensors developed and carried aboard
will be a microwave altimeter essential for the observation of
ocean wave phenomena, a microwave scatter meter, and a microwave
radiometer. The mlicrowave altimeter will collect data necessary
for finding the average wave height on the sea surfiace, data con-
cerning the sea surface "topography," geéid, tsunami, and ocean
currents. The microwave scatter meter will collect data on wind
direction and velocity. These two types of sensors will be per-
formance-tested on the second satellite. Microwave radiometers
for the second satellite will be developed almost simultaneously
with fthose for the first satellite, and will be tested for the
collection of sea surface temperature data in all weather. The
frequencies under consideration Tor the second satellite are 5-10
GHz, instead of the 22 GHz and 36 GHz that will be used for the
first satellite. It will be necessary to devise a way for avoid-
ing interference from ground communications circuits. In this
satellite, aslaser reflector will be carried for use in measuring
the orbit altitude, in order to improve thé accuracy of measure-
ment with the microwave altimeter. Since the objective of obser-
vation of thils satellite is the broad oceans, a data-recording
and a data-collecting system to be carried aboard are considered.

3) The third earth observation satellite

The third earth observation satellite, which is planned
to be launched in 1987, will be for the development of basic land
satellite technology. A high-resolution, visible and infrared
radiometer that reflects the tTechnical achievements attained in
the visible and infrared radiometer carried on the first satellite
will be developed and carried on this satellite. 1In this sensor,
the observation wave length ield will be fractionated, making
possible multiwave-length obsersation. The goal is for ground re-
solution of 30 m. With ground resclution of this accuracy, it
will be pessible to discern ships of more than 100 tons. This
will strengthen surveillance capabilities for the 200 nautical-
mile fishing zone. The attitude control accuracy of the satellite
will have to be improved over that of the first satellite in order
to reduce geometrical distortien of data accompanying the improve-
ment in resclution of the sensors.

This saftellite will carry a data recorder, and will be
able to make a contribution to international cooperation.

43y The fourth earth observation satellite

The fourth earth observation satellite, expected to be
launched in 1989, will develop further the technology of the
firast and second sea satellifes, and will establish technology
for practical sea satellites.
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The visible and infrared radiometer, microwave radiometer,
microwave altimeter, and the microwave scatter meter carried on
the first and second satellites will be improved and put into
practical use in this satellite for the collection of data. In
addition, new image radars will be developed in order to collect
all-weather pictorial information. All of these sensors will be
performance-~-tested on this satellite.

Since it 1s estimated that the power expended in connec-
tion with sensors on this satellite will be up to 100 W, it will
be necessary to establish a large power system.. In addition, a
laser reflector for measuring orbit altitude, a data recorder,
and a data collection system will be carried.

5) The fifth earth observation satellite

The fifth earth observation satellite, expected to be
launched in 1991, will conti#nue the development of the technology
of the third satellite, and establish the basic technology for
the practical operation of land satellites.

It will carry the high-resolution visible and infrared
radiometer of the third satellite, improved to superhigh resolu-
tion (15-20 m). The goal for resolution is 15-20 m, and with
this, it will be possible to discern ships of over 50 tons on the
surface of the sea. In addition, a laser sensor for the measure-
ment of components of the atmosphere will be developed and tested
for performance on this sateZlite.

For this satellite, it will be necessary to improve the
accuracy of the attitude control over that of the third satellifte.
Also, in order to cope with The inerease in the amount of data
from superhigh resolution sensors, it will be necessary to estab-
lish technology for data compression on board the satellite (band
compression), and for onboard processing.

This satellite will carry a data recorder, and will be
able to make a contribution to international cooperation.

The superhigh resolution sensors developed in this satel-
lite are those essential for stationary earth observation satel-
lites. This satellite will establish the technoeiogy necessary
for a stationary earth observation satellite to be launched some-
time after 1985. When a stationary earth observation satellite
is put into operation, it is expected to be used chiefly for the
observation and investligation of the sea, but it will probably
alsc have land applications for environment and natural disaster
surveillance.

The plans for the development of Japan's earth observa-
tion satellites for the next 15 years are shown in Figure 6.
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Key for Figure 6:

1. Target year $6r launching 2. ETS-IIT (1981l), experi-
ment in the basic technology of satellite berthing
3. The first satellite 4. The development of basic tech-
nology for earth observation satellites; performance test
for sensors 5. Visible and infrared radiometer, micro-—
wave radiometer 6. The second satellite 7. The develop-
ment of basic technology for sea satellites, sensor per-—
fermance tests 8. Microwave radlometer, microwave alti-
meter, microwave scatter meter 9. The fourth satellite
10. The establishment of sea satellite technology; per-—
formance tests for sensors for the future 11. Visible
~and infrared radiometer, microwave radlometer, microwave
altimetg:_nﬁcrowave scatter meter, image radar, 12. Im-
“provement of performance 13. Stationary earth observasion
tion satellite 14, Third satellite 15. Develop basice
technology for land satellites, performance tests for
sensors 16. High-resolution visible and infrared radio-
meter 17. The fifth satellite 18. Establishment of land
satellite technology; performance tests for sensors of
the future 19. Superhigh resolution visible and infrared
radiometer, laser sensor for determining the components
of the atmosphere 20. Improve performance 2L. The devel-
opment of satellite-assoclated technology 22. Improve
performance 23. Performance tests

po]

21 Plans for the development of basic technology for earth
observation satellites

The chief satellite-associated technology necessary to carry
out the development plans outlined above are as below. It is es-
sential to develop the basic technology in accordance with the
launching plans of the satellite for which it is intended.

1)I'Mission-associated technology

The sensors to be developed in the next 15 years are the
visible and infrared radiometer, the microwave radiometer, the

microwave altimeter, the microwave scatter meter, the image radar,

and the laser sensor for determining the components of the atmos-—-
phere. In the future there will have to be discussions between
the developers of these sensors, and the users of data collected
by the sensors concerning the accuracy required.

In the next 15 years, the resolving power of the visible
and infrared radiometer will probably have to be developed to a
high ground resolution of less than 30 meters. This is necessary
because of trends in foreign comntrles, the necessity of confirm-

ing the position of ships in the 200 nautical-mile fishing zone,
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the necessity of crop observation in Japan, which has fields of
less than one hectare, ete. Théds superhigh resolution sensor
technology will also be essential for future earth observation by
stationary satellite.

Data collection systems will have the function of collecting
data from fixed and moving buoys. Most of the land and sea sur-
face of the world can be observed by means of remote sensing
technology. The data-collection system is a "by-System" for col-
lecting data from under the surface. This by-system will become
very important for collecting data, especially data concerning
the oceans.

Data recording will be an essential function of Japan's Sas-
tellites until a data relay satellite system can be established.
In the past, the moving mechanism of data recorders has been a
problem concerning religbility., We must study the development of
an all-solid-state data recorder which uses a super LSI memory.

It is necessary to develop this mission equipment prior to
placifhigzlit on earth observation satellites, and to confirm its
capabilities by testing 1t on experimental technical satellites.

2) Technology associated with the satellite body

Technology associated with the body of the satellite is that
concerning triaxiasl attitude control, the deployment of solar
paddles, and active system heat control. Experiments concerning
this technology will be conducted in 1981 with the experimental
technical satellite-III. The establishment of this technology is
a prerequisite for the development of earth observation satellites
Attitude control accuracy especially has a great effect on geo-
metrical distortion of data collected by image sensors (especially
visible and infrared radiometers), and 1t is essential to improve
the accuracy of attitude control in stages. Since it is estimated
that in satellites carrying active microwave sensors, the total
power expenditure will reach 100 W, it will be necessary to estab-
lish technology for the development of solar paddles to improve
the effectiveness of solar cells and increase power,

3) Launching technology

To accurately place an earth observation satellite into the
desired orbit with triaxial attitude control, a rocket with ayspin-
stabilization solid motor in the last stage is nof necessarily
the appropriate rocket. For land observation satellites, periodic
observation is desirable, and for this the satellite must be
placed in a solar—-synchronous orbit. In the case of Japan, due
to geographical conditions, there is a possibility of the second
stage of a three-stage rocket falling on Australia. Since it is
safer to put the second stage into orbit, consideration must be
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given to attaching a second-stage re-ignltion capabllity to the
N rocket, or to launching satellifes with N rocket II.

4) Ground support-related technology

It is possible to measure the orbit altitude of a satellite
accurately with a microwave altimeter carried aboard the satellite,
For this, 1t is necessary to intvoduce laser range-finder techno-
logy into satellite tracking technology, and to install a laser
reflector in the satellite. /71

5) Technology for on-board processing

Since with the improvement of sensor resolufion and measure-
ment accuracy, the amount of output data will increase, 1t is
necessary to develop suitable data processing technology for data
compression on board the satellite. Alsof signal processing by
computer aboard the satellite will become necessary in the case
of image radar sensors. Equilpment developed by this technology
will have to be compatible with ground reception and processing
systems.

6) Ground reception and processing technology

As sensor resolution and accuracy progress, the amount of data
transmitted from the satellite will increase. Even with the in-
troduction of data compression, the tendency for the amount of
data to increase cannot be controlled. Frequency bands above
200GHz will probably be used for the great volume of data to be
transmitted. 1In this case, the deterioration of radio waves due
to rain will have to be taken into consideration. It will be
necessary to develop apprepriate technology after taking into
consideration the results of the experiments conducted with the
medium-capacity stationary communications satellite (CS), and the
experimental stationary communications satellite (ECS).

It will be necessary to develop processing ftechnology to cor-
respond to the higher resolution of sensors for the geometric
correction of data, and for radio metrie correctiaén.

7) Technology for the analysis of data

In regard to the visible and infrared radiometer, it is ess
sential to continue with the processing of LANDSAT data, and to
establish methods of extracting essential data. For all kinds of
microwave sensors, the accumulation of basic "“sea true" and "land
true' data using aircraft is necessary in conjunction with the
development of sensors. If it 1s possible to receive data from A13
the American SEASAT-A, which is planned to be launched in 1978,
rapld progress will be made in the technology of data extraction
with data from microwave sSensors.
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The long-term plan for the develcpment of earth observation
satellite-related technology is shown in Figure 7.

Key for Figure T:

1. Year 2. 1977 3. Launching plans 4. Earth observazlic.
tion satellites 5. Mission technology 6. Visible and
infrared radiometer 7. Radar wave altimeter 8. Radar
wave scatter meter 9. Microwave scatter meter IO .lnage
radar 11. Laser sensor 12. Data cellection system

13. Data recorder 14. Satellite technology 15. Atti-
tude control (%riaxial) 16. Solar paddle and paddle de-
ployment 17. Heat control (active elements) 18. Ldiinch-
ing technology 19. Second stage of the N rocket and
re-ignition (for putting satellites into a solar-
synchronous orbit) 20. Use of N-II 21. Tracking tech-
nology 22. Accurate measuring of satellite orbit alti-
tude 23. Reception and processing technology

24, (Platform) reception and processing 25. Reception
and processing 26. Analytical technology 27. Data
analysis

o
it

IV.2.3. Poliecies necessary for the achievement of the develop- /T
ment plan

The following policies can be cited as necessary for the
realization of the proposed plans for the development of earth
observation satellites in the next 10 to 15 years.

l. It 1is essential that plans are not for the develepment of
earth observation satellites only. Barth observation satellites
must be a link in a total system eof terrestrial observation. For
this reason, a long-term earth observation plan must be establisie
lished and promited.

2. In order to achieve the desired resulfts in developing and
launching satellites, we must develop a space system for accus
rately collecting data from the surface of the earth, and at the
same time we must be able to receive, process, and find a use for
these data on the ground. When formulating policies for an over-
all earth observation satellite plan, research and development of
basic satellite technology and sensor technology should come
first. TInstallation of a system for the receptlion and processing
of data from the American LANDSATS should be given sufficient
consideration in order that pwojects for the analysis and utili-
zation of these data can get underway at an early date.

3. Concerned administrative organs, national research and
test organs, academic organs, and cooperating civil dérganizations
must be ready to effectively carry out the preparation and devel-
opment of satellites, based on the over=all plan. The role of" each
organ must be made explicit, and there must be common planning
and cocrdination.
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4. Public understanding must be obtained for the smooth imple-
mentation of the earth observation satellite plans. A general sf

education program coverlng the general aspects of the earth obser-
vation plans must be carried out.

IV.3. Proposed Plan for the Development of the First Earth Obser-
vation Saftellite

Iv.3.1l. Proposed planning ocncepts for basic satellite equipmentf

1. Configuration. Tentative plans are for the Tirst earth
observation satellite to be launched with a 3-stage N rocket. The
soclar cell paddles will be folded to the sides of the satellite,
and deployed in orbit on a single axis. They will be synchronous
with the sun sensors, and will be driven so that the angle made
by the sun's rays and the normal of the solar cell paddle will al-
ways be minimum. The satellite equipment (visible and near-infra-
red radiometer, visible and thermal infrared radiometer, microwave
radiometer, and DCS) will be attached to the satellite facing the
earth, as will be the data transmission antenna, and the earth
sensor for attitude surveillance. If a laser reflector is at-
teched for range finding, it will be attached totthe surface of
the satellite facing the earth.

After the second satellite, the satellite should be divided
into the basic satellite equipment, such as the TT & C system,
the attitude control system, and the gas Jet system, and equip-
ment carried aboard, such as the sensors mentioned above. Since
the triaxial attltude system using a wheel has, to be adopted for
attitude control of the satellite, the sabellite configuration in
orbit is comparatively free. The design should be such that the
surface facing the earth is as large as possible, and one so that
the satellife can be launched into a medium-high orbit.

The receiving antenna for the microwave radiometer for the
first satellite will be an off-set parabolic antenna with a dias-~
meter of 30 cm, with common-use frequencies of 23 and 31 GHz.
Next time, the frequency used will be 5 GHz, and a different type
of satellite will have to be designed.

In the United States, in the configuration of LANDSAT-D,
which is now being designed, suitability for space shuttle is a
design factor, and modular sub-systems are being taken into con-
sideration. In Japan, too, we should probably think of satellifes
as a series, and consider modular sub-systems from the first
satellite.

A box shape is contemplated for the flirst satellite. The gas
jet equipment on the roll surface used for orbit and attitude con-
trol will be attached in a cluster. The heat control surfaces
are the pitch and the roll surfaces, but since there is much =1 -
vEe
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Fig. 8. Satellite illustration T

Key: 1. Solar cell plate 2. Pitch axis 3. VHF band antenna

4, Radiation cooler 5. Gas jet 6. Roll axis 7. Direction of
satellite movement 8. Microwave radiometer 9. Earth sensor

10. S-band antenna 11. About 1 meter 12. Main axis 13. Direc-
tion of the earth 14, Visible and near-infrared radiometer

15. Visible and thermal infrared radiometer 16. UHF-band antenna
17. Thermal louvers 18. 20 GHz antenna
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equipment carried aboard in which heating is critical, thermal
louvers will be attached to all surfaces for the necessary heat
control.

The configuration of the first earth observatlon satellite
cannot be decided without detailed study, but a tentative illus-
tration of the ETS-III to be launched in 1981 is shown in
Figure 8.

2. Orbit. Launching a satellite into a solar-synchronous
orbit from Tanegashima in Japan involves problems with range safe
safety. Consequently, we have to select a solar nonsynchronous
orbit for the first earth observation satellite. When the shape
of Japan and the safety of rocket launching &s taken into consi-
deration, inclination angles of 50° and 80° are suitable. HGwever,
considering that we want a range of observation to the highest
latitude possible, and that it 1§ necessary to protect the sea ob-
servation sensor from halation from the surface of the sea, an
inclination angle higher than 50°cor 70° is desirable. Two alti-
tudes, approximately 500 km and 900 km are contemplated, but Tak-
ing the power reselution of the equipment and the visual field
into consideration, the 500 km altitude is mere suitable. We be-
lieve that for the first earth ebservation satellite, an inclina-
tion angle of 70° and an altitude of 540 km are best.

With this orbit, the periocd of recurrence would be long, 15
days, and the visual time wowpld be short, because of the low al-
titude. If no data recorder is carried on the satellite, the
problem of having to transmit the data quickly will arise.

3. The solar angle ard eclipsing. With regard to the power
generated by the solar cell, an important factor is the angle at
which solar rays strike the solar cell paddles, and The propor-
tlon of eclipse. It is also as important to know the conditions
concerning changes in the sun's angle for processing data from
the visuwal sensors carried on the satellite. The following is a
description of changes in theeeclipsing, and the changes in the
sun's angle for an altitude of 540 km, and an inclination angle
of T70°. -

a. Changes in eclipsing. Figure 9 shows an example of
the results of calculations for eclipsing. These calculations
were made taking February 1, 1976 as the 1lnitial day. In mak-
ing the calculations, the perigee factor (wg) and the eccen-
tric elongation (Mo) were both cehsidered to be 07, wwithitwo

sruabquaterial  coordinates of the ascending node (o) 0° and 90°
as the initial value of the orbit. The two kinds of equato=-
i3l coordinates are expressed by a shift on the transverse
scgle showing the number of days elapsed.

b. Changes in the angle of the sun. The axls of the so-
lar cell paddle will be fixed to the satellite, but the paddie
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will be able to rotate freely with respect tothe axis. It is
contemplated that the paddle axis will be maintained parallel
with respect to the normal of the orbit.

4, Weight. The first satellite will be launched into orbit
with the N rocket to altitude 540 km, with orbit inclination
angle 70°. The maximum weight at the time of launching will be
about 600 kg. The weight can be divided into 150 kg for the
equipment carried, and 450 kg for the basic satellite equipment.
The weight distribution of each sub-system still has to be consi-
dered, but the equipment carried on the satellite will have to be
designed and Fabricated within the weight limits.

5. Electric power sgource. The electric power system will
consist of a solar cell array, a battery, and an electric power
control circuit. Elements will be attached to the solar cell ar-
ray to generate only 300 W under good orbit conditions.

The optimum eclipse for the orbit is e = 0.37, and the system
will be designed to supply the necessary power for the operation
of the basic satellite "housekeeping" system and the telemetry
command systems even when there is no sun.

When the satellite is in operation, the average expenditure
of power will be about 100 W for the maintenance of eaeh subsys-
tem of the satellite, and 200 W for the equipment carriéd aboard.
The power control system will supply DC 28-29 volts of stable
single bus voltage by partial shunt and booster converter. At
the same time, it will have the capacity to control charge and
discharge of the battery.

6. Orbit control and attitude control. Triaxial attitude
control systems are roughly divided into the bias momentum system
and the zero momentum system, and both have theéir merits and
shorteomings. Which system is adépted depends largely upon the
position occupied by the equipment carried, and the mission.
Wheels, magnetic torque, and gas jets will be used as actuators
for the orbit and attitude control systems. These will receive
signals from sensors, and will operate by electronic control.
The accuracy of attitude control will be + 0.5° for the lowest
roll and pitch axes, and *0.7 degrees for the main axis. The
speed of change in the attitude is an important factor, and 1t
will be necessary to consider this while taking into account the
particular chanacteristics of the observation equipment.

The monopropellant hydrazine, which i1s abundant, inexpensive,
and has been proven reliable, and the blowdown method will be
adopted for the gas jet system used for orbit correction and at-
titude control. There are phans for achieving a thrust Torce of
1 N by domestic technology, but to eliminate error when entering
_the initlal orbit, a large thrust level of 5 N will be necessary.
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The basic number of boosters will be six, but there will be
twice this number for complete redundancy. The Tooskers will be
in a cluster attached to the roll surface.

A magnetic "torquer" will be attached to provide high reliabi-
lity for the attifude control system. There will be a big saving
of hydrazine fuel necessary for "wheel unloading" by using mag-
netic torgue.

7. Heat control. Insulation blankets, heat coating, conduc-
tion spacers, heaters, and thermostats, in addition to heat pipes
and thermal louvers,.willhbe used for heat control to keep the
parts of the satellite within the permissible témperature range.

Among the equipment to be carrled on the first satellite, in
which heating is critical, and for which cooling technology will
have to be developed, are the optical portion of the visible and
near-infrared radiometer, and the infrared sensor elements.

A passive heat control system for the satellite as a whole is
desirable. An active heat control system with thermal louvers
will be developed for the egquipment carried on board.

8. Life of satellite. It is antieipated that the satellite
will have 50% reliability after two years.

IV.3.2. Proposed planning concepis for observation equipment

1. Visible and near infrared radiometer

1) Design policy and required specifications. The observa-
tion wave length range and the required resolution for the visi-
ble and near-infrared radiometer are as follows.

- 0.51-0.59 um Object of observation will be vegetable

plankton

- 0.64=-0.71 um Same as above

- 0.72-0.80 um Same as above, plus solutes and suspensiocns

in water

- 0.80-1.1 um
- Ground resolving power: the goal is 50 meters

The high-resolution multispectrum scanner will be developed
as the future scanning mechanism. An electronic scanning system
using array sensor elements is recommended. The specifications
for the eguipment planned to be carried on board the first earth
observation satellite are shown in Table 5.

2) Electronic scanning systems. The array scanning system
will be a type of image scanner which scans the surface of the
earth with multi-sensor elements placed on the focal surface of
the multispectrum scanner optical system at right angles to the
direction of the satellite path.
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TABLE 5. SPECIFICATIONS FOR THE VISIBLE AND NEAR-INFRARED
RADIOMETER SYSTEM
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Key: 1. Case 1 2. Case 2 3. Altitude of satellite
I, Observation wavelength 5. Ground-resolving power
6. Number of sensor elements 7. 1024 bits 8. Angle
of vision 9. Scanning range 10. Focus distance

11. Brightness 12. Aperture diameter 13. Optical
system 14, Reflecting type 15. Weight

The adoption of this system is expected to raise the resolv-
ing power and improve the S/N ratio.
there are no active mechanical parts for vibration, the mechani-
cal structure 1s simple, and the reliability is high in enviroen-

mental conditions of vibration, shock, and acceleration.

will probably be used as the sensor array for the electronic scan-
The CCD was first developed in 1972, and since then
It is the photographic element

ning system.
improvement has been remarkable.

3) Sénsor array elements. The charge-coupled device (CCD)

of the future in NASA's Outlook for Space, and it is predicted

that a shift will be made to CCD.
say that the development of the CCD in Japan has surpassed that

in the United States.

"frontable mirror," a telescope, and a fractionating system. The
conditions required for the telescope are light construction, few

4) Optical system. The optical system will consist of a

aberrations of any kind, and 1little loss of optical energy by
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absorption. To meet these conditions, a reflecting telescope
system will be used. In the electronic scanning system using the
CCD, a reflecting telescope which has a wide field angle will be
necessary, because of 1image field scanning.

2. Visible and thermal infrared radiometer. Specifications
for equipment planned to be carried on the first earth observa-
tion satellite are shown in Tabile=6.

TABLE 6. EXAMPLE OF SPECIFICATIONS FOR THE VISIBLE AND INFRA- é&
RED RADIOMETER SYSTEM
' 1 P £ l
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Key: 1. Visible 2. Infrared 3. Altitude 4. Assumed to
be 540 km 5. Scanning angle 6. Scanning speed 7. Wave
length 8. Instant of angle of vision O. Optimum frequency
Tor picture signal 10. Outside diameter of the primary
reflector 11. Effective focus distance 12. NEAT (window
area 300°K) 13. 8ize (the equipment itself) 1k4. Approxi-
we*zmately 15. Weight 16. Expenditure of electric power

1) Wavelength range. In order to measure the temperature of
the surface of the earth (sea surface), the window field of 10.5-
12.5 um will be used, and to correct the effects of water vapor
and aerosol, this will be fractionated into two channels of 10.5-
11.5 and 11.5-12.5 ym. TIn addition, one channel of 6-7 um will
be added to obtain data on water wvapor distribution.

The visual band (0.5-0.7 um) will be used to sake pictures of
cloud distribution, and also for processing infrared data.
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2) Scanning and light condensifig systems. The scanning sys-—
fem scans the target field with a rotating scanning mirror. A
Cassegraln type with an aperture of 12.5 cm 1is being considered.

- 3) Scannlng sequence.. 30 4oe, with respect to a point} R

_tion. " Since it is very convenient to use outer_éﬁéée for radio-
T meter calibration, each scan will cover a part of outer space,
the surface of the earth, and a standard internal heat source.

4) Detector. A pyrolectric detector and a Hg Cd Te §uantum- /84
type detector are being considered for the infrared detector.
Taking into consideration the spectrum width, and the instant of
vision angle,!'Hg C4d Te will probably be used.

The Hg Cd Te quantum-type detector must be cooled (70-100°K),
and a radiation cooler will be used as part of the satellite.

We have almost no experience concerning radiation coolers in
Japan, and some uncertainties remain about adépting this system.
But considering future developments, it should probably be adop-
ted as the cooler for the Hg Cd Te detector for the purpose of
obtaining practical experience with coolers in space.

A silicon PIN photo diode will be used as the visible field
detector.

5) Studies concerning performance. If the noise from the
transglssion system is ignored, noise equivalence temperature,
NEAT % 0.2-0.5°K is technically feasible at the present time,.

34 Mierowave radiometer. A comparatively low frequency band
of 4.3-6.0 GHz is best for measuring the surface temperature of
the ocean by microwave radiometer. However, this frequency band
is being used Tor communications in fixed satellite operations,
and movement operations, as well as for aircraft navigation and
radio position finding. Consequently, there is too much noise
for microwave radiometers which require a band width of more than
100 MHz. It is Inadvisable to select this frequency band for the
first earth observation sakellite.

When the temperature of the surface of the sea is measured
with a frequency of more than 8 GHz, the effects of water vapor
are extremely great. Consequently, in order to correct these
effects, it is necessary to measure the amount of water vapor in
the atmosphere at 22.235 GHz, the frequency near the absorption
line for water vapor.

~
o

A scanning-type antenna is being contemplated for the micro-
wave radiometer of the first earth observation satellite in order
to collect data over a wide area. A compact, light antenna is
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TABLE 7. SAMPLE SPECIFICATIONS ¥OR THE MICROWAVE RADIOMETER SYSTEM

/86
Frequency band 2 3GH=z 31GH:
"Wave polarization Horizontal EHOrizonFal
o T ‘or Vertical
Chief objects - Water yapor {Seg ice,
of observation - P enow distribution
Resolving power 2 8 ’ 2 1im
Diameter 30cm 3 0cm
'| Antenna | Beam width 2.41° 1.8 2°
{gystem . Off—~set parabola ‘off-set parabola
Receiving 2368-2378GH: 3130-31.38GH:
frequencies and_ 23.82—-2392GHz(ana 31.42-31500H:
, Reception ; :
| method Dicker system Dicker system
‘ . Reception . .
; Recelver sensitivity 1° K 3° K
| Power 30w
expenditure 0 3OW
Weight 3k 25 ky
]
Thick clouds will interfere with
ohservation
Notes

The antenna is fox common use of two
frequencies. The visual field is
scanned by rotating the auxiliary
antenna with the main antenna £ixed
to the body of the satellite,

—
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necessary to decrease the effects of vibration on the body of the
satellite from mechanical scanning: by the antenna. It is also
necessary to select a high frequency in order to have Tairly high
gain.

In order to avoild interference, 1t is desirable to use fre-
quencies that are used for space operations (passive), or frequen-
cies for radlo astronomy. Of these frequencies, 23 GHz (band
width 400 MHz), and 31 GHz (band width 200 MHz), for radio astros
nemy use, are sultable. Therefore, the 23 and 31 GHz bands will
be used for the microwave radiometer of the first satellite. With
this frequency, it will be possible to observe the amount of water
vapor in the atmosphere over the sea, the water temperature, and
the distribution of sea ice. This radiometer technology will lay
the fouvndation for the development of Technigues to correct temper-
ature measurements made by comparatively low frequency radiocmeters,
and for the development of multi-freguency radiometers.

If a two-frequency,, common-use, 30 cm aperture, parabolic an-—
tenna is used at the proposed satellite altitude of 540 km, the
resolution at the point directly under the satellite willbe 28 km
(23 GHz band), or 21 km (31 GHz band). In order to scan an obser-
vation width of 500 km from an altitude of 540 km, the antenna
placed at a right angle to tThe direction in which the satellite
igsmoving will have to scan % 25 degrees. To do this, the an-
tenna will be an offset parabolic antenna which will scan the
visual field by the rotation of the auxiliary reflector at a
fixed speed, with the principal reflector fixed tec the body of
the satelliite. A measurement-correction system will operate for
other visual fields. Since the weight &6f the main antenna is ex—
pected to be only one kg, the weight of the antenna system will
be determined by the weight of thearétation stand for driving the
auxliliary antenna.

Sample specifications for the equlipment to be carried on the
first earth observation satellite are shown in Table 7.

I, Tagser reflector. The laser reflector is of cube-corner
quartz construction. The corners are constructed in a row on the
lower part (the surface of the satellite facing the earth) &f the
satellite. The laser reflector will be used to measure the dis-
tance from the ground, or from other satellites, by reflecting a
laser ray originating on the ground or another satellite.

Satellites carrying laser feflectors are GEOS, LAGEOS, STARET,
and SEASAT. The use of laser reflectors on Japan's earth obser-
vation satellites was determined by a study of the reflector on
GEOS-A. Sample specifications are shown in Table 8.
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TABLE 8. SPECIFICATIONS FOR THE LASER REFLECTOR OF GEOS-A

Surface area: — about 0.18 m® (constructed of
Number of corners: — 334 four panels)
Size of corners: -~ 2.5 em diameter (estimated)
Weight of one piece: ~ 50 g (estimated)

Total weight: - 15 kg

Extent of diffraction angle: - 20 U

Reflection efficiency: - 50%

I,
IV.3.3. Proposed planning concepts for communications systems

1, Telemetry and command systems. The sgignals transmitted
from earth observation satellites contain observation data and
housekeeping data. The latter data are the same as for satellites
in general, but since the former cover  an extremely large band
width, comprehensive studies are necessary. There is not much
difference between the command signals of earth observation sa-
tellites and ordinary satellites.

It is assumed that the observation equipment carried on the
satellite will be of three types: visible and near-infrared radio-
meter, visible and thermal infrared radiometer, and microwave
rﬁdiometer, and that the orbit will be circular and the altitude
540 km.

1) Quantity of transmitted data (bit rate). If we assume
that the signal is quantized, and that the number of levels is
2% or 2%, then the total bit rate will be 14.26 x 10° bit/sec.
Transmitted by four phase PSK modulation, this will require a
high-freguency band width of 15 MHz.

2) Frequency bands. Of the frequencies alloted to Japan at
present (the third regicn) for use in earth observation satellite
operations, frequency bands more tThan 15 MHz in width are above
2 GHz (see section III of this report). After considering vari-
ous restrictive conditidons, the 21.2-22.0 GHz band is the only
frequenecy band that can be used.

Since this 21 GHz band is very near the band (17.7-21.2 GHz)
used by the return circuit of our experimental medlum-capacity
stationary communications satellite (CS)}, this band can only be
used by improving the technology.

3) The signal—-to-noise ratio and the electric constraining
density of the surface of the earth. For the sake of sim-
plicity, we will assume that when using 21.6_GHz as the central
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frequency, Jfor the satellite the transmission power will be 5 W
and the antenna gain 0 4B, and for the ground station,the antenna
diameter will be 10 m¢, and the noise temperature 400°K. When
the angle of elevatien from the ground is 5-90°, the signal-to-
noise ratio s 16.0-28.1 dB. When four—ghase PSK modulation is
used, for the error rate to be below 10=°, the signal-to-noise
ratio has to be more than 10 dB. In the 21 GHz band there is
much attenuation from rainfall, and for a low angle of elevation,
the attenuation will be more than 20 dB. Consegquently, it is pre-
dicted that the error rate during times of rainfall will be great
for the above circuits. As countermeasures against this, it will
be necessary to increase the satellite transmission power as much
88 possible, to increase the antenna gain, and to consider band
width compression. ~°° 7 7

When the electric constraining densitg of the surface of the
earth is calculated, it is -139.3 4B (W/m“/MHz), and -127.2 dB
(W/m2/MHz) for angles of elevation of 5° and 90° respectively.
This leaves a margin of 24.3 dB and 22.2 @B for each angle respec-
tively with regard to the limits.

2. DCS. 1In developing the DCS for the first earth observa-
tion satellite, a random access-type DCS which is capable of pos-—
ition measurement is contemplated. A data recorder will not be
carriéd on the satellite, and observation data DCPs will be Trans-—
mitted to base stations in real time via the satellite.

The DCP position-finding mechanism is roughly as follows. The
radiowaves transmitted from the DCPs are received by the satellite,
and the doppler frequency measured. At the same time, the obser-
vation data are transmitted toc a base station. There will be sev—
eral processing channels, so that the signals form severail DCPs
which can be recéived simultaneously. At the base station,Tfre-
guency data, satellite position data, and the satellifte position
and velocity data will be used to measure the position of the
DCPs. In the case of moving buoyst the speed of movement for that
day anid the next day will be used in calculating the position.
Factors in the function of the observation system are given in
Table 9. Since this system transmits data in real time, the pro-
cessing equipment on the satellits will be simplified. This has
the défect that if a high-performance computer is not installed
at the base station, position measurements will not be suffis
éEehfTy accuraté.

IV.4. Proposed Plans for the Development of the Observation
Equipment for the Second Earth Observation Satellite

1. Mierowave radiometer. Since the frequency bands selected
for the frequenciles of the microwave radiometer of the first earth
observation satellite are comparatively high (23 GHz band and the
31 GHz band), the frequency bands selected for the second earth
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TABLE §. FACTORS IN THE FUNCTION OF THE DCS

I
1| Equipment Factors |
DCP . . i
'| Antenna Gain i 0~ 34dB
E Wave ) Circulaxr \
: polaxization » polarization B
\
7 5 W |
Transmitter Output tthe worst |}
E I R P ; 350dBm value)
Satellite
equipment .
! Gain H 0~ 3 dB
- N
! Antenna Wave . -Qircular
: — polarizatien  ° polarization
.| Receiver : iYSt§$ Ezi:e i 600°K
: SMpELa (the woxrst
' G / T ’ 298 dB./DK value)
Base station
Form of .
Recovery svet | input signal » PCM-FSK
system Number of re— .
! . ceiving channells - 1 0 channels
imnputsﬁﬁml : Skbps, NRZ-L
e . (Antenna of apy
Antenna system{ Gain i 42dBm proximately
Wave , Circular 10 md)
] polarization: ' waye polarization
, . System nolse : 350° K
Recelvery temperature
G/ 7T : 146dB/ °K

observation satellite will be comparatively low in order té6 meas-—
ure the sea surface temperature and sea surface conditions. 4.3
GHz to 6.0 GHz are suitable frequency bands for measuring the
sea surface temperature. For measuring sea conditions and wind
velocity, the 10-37 GHz band is sultable, and 19 GHz is optimum.
When observation is done using frequencies above 5 GHz, it is
necessary to correct the effects of water vapor in the atmos-
phere. Consequently, in order ot use one freguency for measur-
ing both the sea surface conditions and wind velocity, the 10-15
GHz band is sultable. Tn this case,also, there are-effects from
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water vapor, but the range of fluctuation caused by water vapor
is not great and can be ignored. In order to correct for water
vapor in the case of frequenciles above 15 GHz, it would be neces-
sary to add a frequency In the vicinity of 22 GHz.

The 4.3-6.0 GHz and the 10-15 GHz frequency bands are for
space research (passive) and radio astronomy use, and there are
no band widths of 100 MHz. Limited to these frequencies, there is
is no way teoaavoid interference. With expectations that suitable
portions of these frequency bands will be alloted internationally
for space research use (passive), the microwave radiometer fre-
quencies for the second earth observation satellite will be selec-
ted in this range. The major factors are shown in Table 10.

2. The radar scatter meter. The radar scatter meter is very
useful in earth observation for measuring sea surface wind veloc-—
ity and direction, for observing the distribution of sea ice, and
for the detection of ocean pollution. It is especially useful
for ocean observation. It has been used only on the U.S. SKYLAB,
and in Japan we have had no experience in using it on aircraft.
Therefore, it will be necessary to emphasize the accumulation of
basic data which deal with physical phenomena and the develop-
ment of software.

.
\O
O

|

On the other hand, it will be necessary to develop the various
kinds of radars used on the ground, as wélidraston aircraft and
ships, for use on satellites. Exéept for the introduction of some
technology such as microwave IC, domestic development is possible
in cases where high resolution is not necessary.

Sample specifications for the equipment for the second earth
observatlon satellite are as shown below.

Frequency used: - 14 GHz

Peak output: — 100 W

Puls

Pulse range: E 5 msec

Pulse frequency: - 30 Hz

Receiver input: -~ —80 to -130 dBm
Power expenditure: - 200 W

3. Radar altimeter. The radar altimeter is very useful, es-
pecially in ocean observation, for observation of ocean waves,
gebid, and tsunami. Except for its use in the foreign satellites
SKYLAB and GEOS-C, radar altimeters have been used only in air-
craft. We have made some use of them in Japan. Consequently, in
this case also, the accumulation of basic data on physical phené-
mena, the establishment of correct measuring methods for satellite

orbits, and the development of software must be emphasized. ~ —
regara te e
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TABLE 1.0.

SAMPLE SPECTFTCATION FOR

THE MICROWAVE RADIOMETER SYSTEM

- —
; Frequency bands

5 GHz.

¢ Wave polarization
i

— ]

HOrlzont?l Horizontal
and vertical s

' Major objects
‘:gé*gbservatioqi o

State of sea, '
wind vélocity

Sea surface
temperature

(PR

- T .

£

! Resolution ' 30/Mm(50m) 15 (25m)
‘.—;I ‘ 'A._‘_'_l’ - __-:
! ! _D;'L,@_;n}gtgy 1.3 m 1.3 m
2y _ [
T 3 - - - -
Antennal ! Beam width.__ 2.6° 1.3° ‘
4 q
> 1 s 2 :
P I Me%hod d 8ff-set parabols |'Off-set parabola '
! — ; o
F ' [ &%EEmmﬁ,kj 4.88~4980Hz 1048~1058GH
_ i ! frequencies §and 500~510QH:z and 1062~1072GH;
! C_Method-of__ Qicker method ﬁiékgi-méEﬁé§;_
. | reception - -
'+ | Receiver !
Re—~ o" ° :
ceivérsi sensitivity 0.5° K 0.5 K 3
i | Power ;
| | [ exbenditure | 3O0W sow '
N e e
L
. |.. Weight 5k 2 iy ’
£ - - - - - - T -
t The antenna is for the common use of l
* two frequencies. The visual field is
scanned by rotating the auxiliary re- |
_flector with the main reflector attached
to the body of the satellite.
ﬁ@E}s b A primary radiomefer Will Be attachéd™

e
I
it S

foxr each freguency

{ Orbit altitude is 540 km. The figures.
! in parenthesis show the xegolution’ for
».900 km,: ! . ; }

i

o ——— -
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With regard to hardware, pulse compression and an output tube
having wide band characteristics to cope with compression have
been developed. Concerning the other aspects 6f this technology,
the radar developed for ground, ships and aircraft must be devel-
oped for use on satellites. /94

Sample specifications for the equipment to be carried on the
~_second earth obsérvation satellite are as shown below.

Frequency: — 1% GHz

Antenna: - 1 m parabolie antenna
Peak output: - 2 W

Pulse range: - 5 usec

Pulse frequency: - 1 kHz

Pulse compression ratio: - 1,000

Equivalence pullsesrange: - 5 risec

Expenditure of power: - 300 W

IV.5. Systems for the Utilization of Earth Observation
Satellite Data

IV.5.1. Data-utilizing organizations

Data from LANDSAT have been supplied by the United States 1n
the past, and in 1978, Japan will install 1ts own ground reception
and processing stations for LANDSAT-C. The target date for the
beginning of operations is the first part of 1979, and the or-
ganizations concerned are now preparing for this. In order to pre-
dict the fufure needs for satellite data in Japan, a question-
naire was sent to major organizations in February of this year.
The results are shown below.

1= 2 3 4 MSS B OA E({v-»)
5 gl T#5 ) 7(3%@)

BiE & m 5 4 44 9009 3000 6,500
g{ F 2’4 2 4 16 36 3 400 600
101 B f&l 33 16 258 6 00 800

11| & 1) 111 76 1,53 1 4,000 7900 |

Key: 1. Organizations to which sent 2. Number distri-
buted 3. Number of answers 4. Number of MSS purchases
(scenes) 5. 1975-76 6. 1979 (estimated) 7. 1981 (es-
timated) 8. Public agencies 9. Schools 10. Private
organizations 1ll. Total
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Note: Public agencies: national organs, autonomeusebodies,
public research centers, and foundations

Schools: schools, school research organs, academic
socletles, educational organizations

Private organizations: commerc¢ial companies, private
research centers, electric power companies, aircraft
companies, etc.

When the above results are arranged by field of utilization,
the results are as follows:

[ ! 2 3. L, MSS B A B (v->)
‘ﬁumﬂﬁﬁa#ﬁﬁlﬁlﬁﬁsosgs,iﬁgsemgi
| FOCIER s e fowmy |
| 8| # 19 15 260 500 800
ig; B + & % 21 19 102 700 L10O
10| & # 14 11 201 1,500| 4000
r11 T 8 A 57 31 968 1,300] 2000
12 =) &t 111 7 6 1,531 4,000 7900

Key: 1. FPield of utilization 2. Number distributed

3. Number of answers 4. Number of MSS purchases {(scenes)
5. 1975-1976 6. 1979 (&stimated) 7. 1981 (estimated)

8. Oceanic 9. The national environment 10. Agriculture
and forestry 11. Other 12. Total

Note: Oceanic: the ocean, harbors, marine resources, naviga-
tion, Hydrography, etc.

National environment: construction, architecture, na-
tional land, the environment, geography, rallroads,
fire preventlon, dlsaster preventlon, etc

Agriculture and forestry agrlculture, forestry, agri-
cultural science, pasturage, etc. ‘ ~

Other: weather, geology, navigation, science and en-
gineering, manufacturing, ete.

IV.5.2. Data utilization systems

1. The trend of data-use systems in the United States. Since
the launching of LANDSAT By €H€& U.S., analytic research concern-
ing data from these satellites has been done by international co-
operation. Xt has become clear that such dataare useful for the
management of world resources ~and preservatlon of the environment.
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NASA Ha8 made test prejects concerning data utilization systems

to test the practicality of utilizing data. This project is
called “Applications Systems Verificatioen and Transfer Projects™
(ASVTs prejects), and is a project for werifying the economic use-
fulness of systems and planning for their practical applications.

1) Large Area Crop Inventory Experiment (LACTE). LACIE is a
project involving various American Government agencies and depart-
ments, Inecluding NASA, such as the Department of Agriculture, tThe
Atmospheric and Oceanic Agency, and the Department of Commerce.

It is a project for testing the applicabllity or inapplicability,
by computer analysis, of data received from space for the Depart-
ment of Agriculture's program of crop estimation. MSS data from
LANDSAT gre gathered, classified, and the area of planted crops_

is estimated. This' is comblned|W1th a-statistical model:of: cTrop

r\
O
o

production estlmates using past meteorological data, and an eval-
uation of crep production.

2) Estimation of snow accumulation and runoff water. The
purpose of this project is to extract the parameters concerning
snow accumulation by means of the usual methods of photo-
interpretation of remocte sensing data from satellites and air-
craft, and to use these measured values as input to calculate the
amount of runoff water.

3) The Louisiana environmental data system. The purpose of
this system is to test and verify the usefulness of an automatic
environmental data system based on remote sensing data, in order
to obtain up-to-date basiec environmental data for Southern Louisi-
ana, wwhere there are many areas of swamp land.

1) Natural resources data systems. The purpose of this pro-
ject is to test the usefulness of automatic natural resource sur-
vey systems based on remote sensling data as applicable to the
peculiarities of states or regions.

The remote sensing data from these test projects can make a
large contribution to the devélopment of data systems relating

natural resources data -"toh:other data (for example, soil, weather,

population density, ete.). Data from these projects can be effec-
tively used for determining policies in each field of utilization.

In addition, NASA plans te establish utilization project sys-—
tems such as those below for the future.
1) A system for world-wide crép estimation
(a) A system for the practical estimation of wheat produc-
tion
(b) A system for the practical estimation of the major
ceresl crops
(2) A water control system
(3) Land-use and environmental evaluation systems
(1) Hamanineeresgources management system

~
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A Torestry resources management system
A grasslands survey system

4 geological mapping system

A harmful insect survey system

P Yo Ve Yo
Qo1 O\
[P L ]

2. The trend of data utiiization systems in other foreign

countries. Countries with LANDSAT ground reception statlions
in operation, other than the U.S., are €Canada, Brazil, and Iftaly.
In those countries, research is being done on systems of utiliza-
tion corresponding to the conditions of those countries.

In Canada, 12 test sites have been built for a wheat crop es-
timate experimental system, and this sysftem will be put into
practice within a few years.

A system 1s also being investigated for estimating the potato
crop from satellite data a month before harvest.

In addition, there are pilans for putting into normal operation - /9¢
systems that are economically feasible for grassland monitoring,
preparation of forest resourcesmaps, harmful insect monitoring,
and preparation of sea ice maps.

Analytic and research work is also being carried out in other
countries, but it is not clear what utilization systems have been
put into practice,

IV.5.3. Optimum utilizatlion and the relationshippbetween earth
satellite data and aircraft data

As related in item IV.5.l.00f this report, the building of an
optimum utilization system for satellite data differs according
to thélutilization field. In the U.S., an experimental system is
set for each theme, with the aim of establishing a practical sys-
tem. Japan will establish a LANDSAT ground station in 1978. Datern
when Japan launches its own independent earth observation satel-
lites, it will be necessary for us also to set themes for future
utilization, and to establish utilization systems to make effec-
tive use Of data from satellites. Data from alrvcraft and data
@irom satellites must be used in combination to supplement and cor-
rect satellite data, and for accuracy.
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