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1.0 INTRODUCTION

This report was prepared under contract to the National Aeronautics and

r	 Space Administration, George C. Marshall Space Flight Center (MSFC) as partial

fulfillment of the requirements of Contract NAS8-32491, Mod I. This report
documents an investigation of the data system needs as driven by users of

space acquired earth observation data. Specific data system issues for Global

Crop Production Forecasting were excluded because they were addressed in other

reports (References 1, 2, and 3).

i
2.0 OBJECTIVE

The objective of this study was to analyze major data system issues of

the next decade from the viewpoint of the needs of users of space data. The

Intent of the study was to concentrate on significant factors that will in-

fluence the direction of the future NASA data system and to recommend imple-

meotation approaches that will benefit the use of space acquired data for

studying, monitoring, and managing the earth's resources and environment.

3.0 SUMMARY, RESULTS, AND CONCLUSIONS

The approach of developing a set of data system requirements for users of

space data based upon their needs is desirable but difficult. In this study,

requirements suitable for performing trades on data system issues were developed.

When compiling the necessary requirements, it became apparent that there is no

authoritative set of users with a finite set of requirements. As a first step

in this study, trade-offs of benefits, liklihood of commitment, required devel-

opment, and cost of data products were performed on a subset of all possible

users of space data. One result of this study is an identified set of users

whose requirements typify the requirements of the 1980 to 1990 data system.

Additional conclusions as to the necessary attributes of the data system

and the approach to implementing them resulted from analysis of the user re-

quirements and their applications as well as current and planned programs and

technology.

The user community is diverse in scientific discipline, degree of

sophistication, data volumes used, resources available, and the needs for



data products. Because of this great diversity in many dimensions, flexibility
Is a mandatory requirement to be levied against the data system.

There are two major categories of users, operational and research with

some incompatible requirements that are best served by a data system with

segments dedicated to the needs of each group. This incompatibility of re-

quirements was found throughout the ancl',_is. The resulting trade-offs

consistently showed that a single ge6eral purpose approach was not workable

for performing those functions. The shared use of comp,, , resources is desir-

able when the requirements are compatible.

The majority of the currently conceived applications of space data can

be met with current satellite and sensor technology. The planned satellite

systems, if implemented, will provide adequate opportunities for acquiring the

needed data. However, the current programs and systems for processing and

delivering the needed information are inadequate in the following areas.

Data acquisition must be selective in the operational environment to

prevent the collapse of the ground data handling system. The routine applica-

tion of space data to operational programs will require frequent observations.

For example, for agricultural nu3ds alone, a data density of over 180,000 bits

per square kilometer of ground measurement is required on the order of every

two or three days. Planned satellite and sensor systems are capable of

achieving this rate of acquisition, but the ground processing system is not

capable of handling this quantity of data over a sustained period. A thirty

day acquisition over agricultural land would amount to 2 x 10 15 bits. Since

the users do not require this total data volume, data should only be taken as

justified by application requirements as opposed to system acquisition cap-

ability.

Data retention must also be limited in the operational environment. The

cost of archiving data to guard against loss imposes too great a burden on

the cost of the information delivered to operational users. Raw data should

be retained for research and experimental uses only in reasonable volumes.

For operational applications, the delivered information should be the driving

parameter and the raw and intermediate data acquired or generated during the

production of the delivered information should be discarded as soon as practical.
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The -ystem should perform a strong data management function. This in-

cludes the control of data acquisition, the retention of data, and the schedul-

ing of system resources. It should extend to the allocation of blocks of time

for such resources as pointable sensors to permit direct user interaction with

the acquisition process.

In the operational end-to-end system an increased number of data processing

functions should be performed as early as possible in the system data flow. It

is more efficient to perform certain functions once and make the results avail-

able to all users rather than to require each user to duplicate the process.

On board processing is desirable for the operational applications with the

restriction that the system must be flexible enough to bypass certain operations

a portion of the time to meet research requirements.

A new and sophisticated data distribution system is required. The diversi-

ty of users and their- requirements and their geographic disbursr-ment indicates

the need for a sophisticated system. It should incorporate multiple media

of data transportation that will be economical and flexible for high and low

volumes with quick response when required. On line interactive information

requests and some analysis capability are required. The system must reduce the

total quantity of data stored, the amount of redundant processing required,

and the overall response time to the users' requests. The system must also

perform a user requirements management function that includes the allocation of

resources such as processing facilities, communication links, and data taking

capacity. Additional added value functions most efficiently performed by the

system includes.the establishment and maintenance of a collateral data base of

ground truth, atmospheric absorption properties, and spectral signatures. The

ability to correlate data from a multitude of sources as a system function will

enhance application efficiency.

4.0 BACKGROUND

In February of 1962, a group of eighty scientists met on the campus of the

-University of Michigan to explore possible applications of remote sensing

technology to various earth science fields. The participants at this first

symposium of the Institute of Science and Technology were almost entirely

3



members of the academic woeld. Seventeen years later the community interested

In applications of remote sensing has become diverse, sophisticated, and

widespread. The growing interest in remote sensing is demonstrated by the

growth of that earlier symposium to the current Environmental Research Insti-

tute of Michiga;i, commonalty called ERIM, symposium that in 197 8 had over eight

hundred attendees from throughout the world representing industry, government

agencies, the scientific community, and commercial users.

The utility of remote sensing has been demonstrated in the application

areas for better understanding our environment and for better management of

both our renewable and non-renewable resources. In 1978, the President's

Science and Technology advisor, Dr. Frank Press, asked the Intergovernmental

Science, Engineering, and Technology Advisory Panel (ISETAP) to provide in-

formation and policy recommendations on remote sensing and specifically appli-

cations of Landsat fromthe perspective of state, local governments, and regional

agencies. This report (reference 4) makes it perfectly clear that "Landsat

is an important technology that is presently making and can continue to make

significant, often unique contributions to the information base required for

state and local government's management of natural resources." To paraphrase

from this report, there are many applications where Landsat is the. only feasi-

ble way of obtaining needed data because conventional techniques are too costly.

They cite the repetitive coverage, the synoptic measurements, and the standard-

ized data as significant benefits of data remotely sensed from space.

In 197 8 , there were 23 states using Landsat data because it is more cost

effective than other means. Seven states have independent, ongoing operational

analysis and application capability. Three of the seven were extensively

using Landsat data in planning and managing their natural resources. Twelve

states had completed demonstration projects, nine expected to complete a pro-

gram soon and sixteen were in the early phases of demonstration projects. In

all, in 1978, 35 states had some involvement in some of 157 different appli-

cations of Landsat data for planning and managing their natural resources.

4
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The task force identified a need for a commitment by the federal govern-

ment to provide operational data. Users want continuity of the data and rontirt-

ued compatibility of formats. They also identified timeliness as a crucial

criterion, citing delays and uncertainty in obtaining the data from the ground

system as the major impediments to further applications.

Scientists seeking a better understanding of our environment have a long

history of using the latest technological achievements. The application of

satellite remote sensing to weather monitoring and prediction typify a class

of sophisticated users. Weather, being a global phenomena, is an application

well suited to the synoptic measurements achievable from satellites. Some

early applications for operational weather forecasting are discussed by Cooly

(reference 5). As a result of two United Nations resolutions, two major

programs have evolved, World Weather Watch and Global Atmospheric Research

Program. The United States participation in these programs has had a signif-

cant impact on operational satellite data systems. The makeups of the Global

Data Processing System for World Weather Watch is described by Zavos (reference

6). The importance: of an operational worldwide system to other applications

was demonstrated in the Large Area Crop Inventory Experiment (LACIE). As a

result of LACIE, additional data was reported by the participants in the

World Meteorological Organizations (reference 7).

The United States weather monitoring and forecasting is performed by the

National Weather Service (NWS), a component of the National Oceanic and Atmo-

spheric Administration (NOAH) of the Department of Commerce. The NWS operates in

a strict operational environment, exercising computer models of the atmosphere

that yield results according to pre--established deadlines. Much of the data

input to these models is provided by the National Environmental Satellite

Service (NESS), another component of NOAA. These models, their inputs, their

outputs, output timeliness and formats are described in a series of Technical

Procedure Bulletins (reference 8).

Local television and radio stations use this information several times

daily for disseminating local weather forecasts. The television viewers in

the United States have become accustomed to seeing the accelerated motion

cloud photos from the synchronous meteorological satellite. This and other

5



NOAA/NESS satellite data products are described In thA GOlS/SMS Users Guide and

In a catalog of products (reference 9).

Users of oceanic data have previously lived with the sparse reports from

ships in the shipping lanes or from an occasional research vessel. With the

advent of satellite-sensed data, the entire ocean Is accessible regularly and

at nearly the same instant in time. it is estimated that SEASAT-A surface

wind data is equivalent to 20,000 ship reports per day (reference 10). In

1962, John Glen reported he could distinguish the Gulf Stream from his vantage

point in the Mercury Satellite. Also, in the early 60's the first meteorological

satellite, TIROS 1, transmitted pictures of ice in the Gulf of St. Lawrence

within hours after it was launched (reference 11). These early applications of

satellite-sensed data to oceanic phenomenon have spanned a multitude of uses

and users. Some of the early uses are described by zaitzeff and Sherman

(reference 12), and Ewing (refer,, 'nce 13). A comparison of the uses discussed

at these early conferences with uses discussed more recently such as at "Ocean

78" (reference 14) illustrates the increasing concern for the economics of

applying remote sensing rather that, the feasibility.

When the applications of remotely-senses; data are analyzed, it is apparent

that the utility of the data is accepted by a large and diverse community of

users. The space information system as a whole is currently in a transitional

phase. Simultaneous with increasing commitments to use space acquired data

because it is cheaper and does a better job, there are still ongoing efforts

to establish better and more efficient ways of using the data. These condi-

tions can be expected to coexist for some time in the future. Thus, the

direction of the future data system is one that will simultaneously provide

increased efficiency and timeliness of data in a quasi-operational sense,

ultimateiy leading to a fully operational system. it must also respond to
the specialized needs of the experimenter and the R&D community.

4.1 DATA SYSTEM ISSUES

Guidance for identifying major issues of the future data system is

available from a brief look at the present system. The NASA End-to-End System

(NEEDS) Study plan (reference 15), highlights some concerns with the present

system.
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"The present data management system is a complex arrangement of

fu­ ctlons which has: evolved on a problem-by-problem basis to meet

th3 increased demands placed upon It by the changing nature of

the space program. It consumes approximately 20 percent of

NASA's resources, has certain limitations, and lacks consistency

in organization and structure at the extremes of the system."

There is apparent agreement among both the users a,0 the suppliers of

space data that the future system will be different. What presents a

challenge is to quantify the specific function, capabilities, and performance

requirements for the future system. The evolving nature of the technology

and the users make it difficult to obtain authoritative requirements based

upon user needs. Traditionally, the users have learned to rely upon the

Information that is provided. The technologists have had more experience in

forecasting what the users will use than have the users had in forecasting

what the technologists will supply. In this study, an attempt was made to

converge the requirements from both ends of the system, based upon an in-

vestigation of the basic science as it relates to both the technology and the

applications.

Many investigations of space data application have been performed and

many user identification studies have been reported. Additional studies have

been funded by NASA to further define the data system requirements. In 1975,

extensive work was performed on the program on Earth Observation Data Manage-

ment System (reference 16). More recent studies, such as Total Earth Resource

System for the Shuttle Era (TERSSE) (reference 17) and the Global Services

Satellite Circa 1995 (reference 13), have projected future uses of satellite

data assuming that an operational data system capable of meeting the requirements

of those users will exist. The current concern for obtaining a valid set

of semi-operational user requirements is emphasized by the U.S. Office of

Management and Budget direction to NASA, DOD, and other departments to study

the possibility of converging their individual requirements into a common

set that can be more efficiently accommodated by a common data system.

7



4.2 CHARACTERISTICS OF USER COMMUNITY

The breakdown of user requirements resulting from the studies performed`

can be illustrated in the diagram of Figure 1. This grouping also accounts

for the maturity of the applications. The first group of bonafide users were

the government agencies responsible for monitoring the environment and managing

our natural resources. These agencies were the first to have legal authority

and funding to apply the results of remote sensing to perform their specific

charter functions. In many instances, they were previously performing like

functions and found It to be more economical to apply remote sensing to their

problems.

For this discussion, it is desirable to identify potential users in the

next decade and to Identify bona f ide data system requirements and issues per-

taining to these users. The management group of users Is significant because

they currently meet the following conditions;

1. They will have a legitimate charter function involving either
the monitoring or the management of either earth resources or the
environment.

2. They will have an operating budget to perform that function, whether
it be done using remote sensing or via some other means.

Government agencies, federal, state, local, and in some instances suprefederal,

such as The United Nations, are the major users in this group. Users in this

group comprise both those agencies established by the various governments to

monitor conditions, establish regulations and to enforce compliance, as well

as those agencies with a primary function of obtaining inforwation either for

advisory purposes )r for purely scientific interests. This group of users

also includes non-government organizations such as "not for profit" environ-

mentalists. This group of users is significant because they are most likely

to be the major near term users.

Group 2 consists of the scientific community. When identifying require-

ments for a data system serving users of remote-sensed data, it is essential

to consider uses as well as users. Closely allied with uses are users in the

scientific and university communities. This is the research and development

or experimental areas and is the other major area of near term users. Almost

i	 8
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every user in the other groups are first represented by an experimental uses

in this group. A representative listing of uses is inclided in the appendix.

Continuing with the grouping of users according to the time phasing of

uses is the group of suppliers of services. 	 This group of users is not an

end user in quite the same sense as the management group. This group present-

ly has some large data users that are currently serviced by the present data

systems. This group is important because the meeting of their requirements

Is critical for any data system. The predominant users in this group are
the various branches of the Department of Defense, NOWNESS, and the Depart-

ment of Agriculture. They are semi-end users in that they use the remote-

sensed data to perfrom a service for the country as well as acquire the data

and make it available for other users. Because of the importance of members

of this group in driving the data system requirements, the Coast Guard and

other services of NOAA such as the National Weat4,er Service were considered

part of the group although they would more logically be part of group 5.

The justification for including these services in group 3 is they are curreilt-

ly end users of the space data. Group 5 is reserved for end users of space

data that provide other goods and services as opposed to group 3 where the

space data itself is part of the service provided. For this study, require-

ments of user groups 4 and 5 were not considered because of the far term

implementation projection.

Another potential set of users in group 3 is the industry organizations

and consortiums that may preprocess the space data for information useful to

their members. Again, the criterion applies that the users are not end users

of the data but the space data is inherent in the service provided.

The next group of users in the expected time phased application of space

data is the suppliers of equipment. These industrial users are not end users

of space data. They are akin to the R&D users of group 2 and their needs will

be adequately met by a system meeting the needs of the first three groups.

Ultimately, space data will be applied by users in nearly all industries--

individual commercial fisheries, agribusiness, etc. Oil and mining companies

currently are using space data in a sense of usa,rs in groups 2 and 4. The

10



requirements for this group of users were not considered as Impacting the

data system requirements during the time frame of this study. Likewise,

the consumers as a group of space data users were not considered. There

may be the occasional weekend boaters equipped with receiver gear to use

space data directly but this is a small part of this group. While the consumer

will benefit by better goods and services by the users of group 5, they are not

considered as an influence on the requirements of the data system.

4.2.1 Uses Influencing Data System Requirements

The users of space data having a direct impact on the data system require-

ments fall into the first three groups previously described: Management,

Suppliers of Services, and Environment and Natural Resources Science. Manage-

ment and Suppliers of Services are operational users. Environment and Natural

Resources Science are experimental users that eventually are represented by

other users in the operational sense. For purposes of developing data system

requirements, a breakdown of uses of the science ► users will serve for the

other users. The special needs of the experimenter will be considered, but

the major impact is seen by the operational needs. The breakout as established

at the start of this study is still valid, with some minor modifications. The

initial breakout was "Agriculture," representing the earth resource applica-

tions including land use and "Weather" representing environmental monitoring

applications. There is a grey area of Ocean Monitoring that although starting

as an environmental monitoring application, has developed many earth resources

attributes.	 For consistency with the original plan, ocean monitoring will be

considered.in the "Weather" grouping.

4.2.2 Agricultural Trades

The significant factors affecting agricultural users of space data apply

to other users with earth resources monitoring and management applications.

A brief investigation of the needs for image data for agricultural application,

how it will aid an agency with operational responsibility, a technical issue

with controversial implications and the relationship to an application with

diverse needs will typify the issues of meeting space data user needs.



The agricultural application of space data is centered with the U.S.

Department of AgrL.ulture. This agency has primary responsibility for

establishing policies affecting price, marketing and consumption of agricul-

tural products, establishing and advising programs to assure the adequate

supply, to promote efficient production, etc:, In this role, it is essential

that an adequate knowledge of current a-id or,)jected supply and demand of

agricultural products be obtained in a time% manner. Toward this end,

remote sensing provides a cost effective approach for obtaining worldwide,

accurate, timely, and synoptic information. The end information can be

broken into three distinct functions. One is an inventory of available pro-

ducts. This inventory includes many products, some with commercial value

to U.S. farmers and others that are important in the food supply of large

segments of the population. For example, a reduction in the potato crop

of northern Europe might displace barley on the European market which in

turn might impact the wheat imports from the U.S. which in turn might put

pressure on the domestic soy bean market. Thus, it is necessary that

regional information be obtained.

The interaction of a commodity such as agricultural products affects more

than the Department of ,",	 c ,.-Itune. The requirement for shipping is of in-

terest to the Department of Commerce. Payments for the movement of goods is

of interest to Banking and Finance. Balance of payments and international

relations is of interest to the State Department. The success of programs of

aid to developing countries is of interest to congress and their various ad-

visory committees. The Department of Treasury is interested in smuggling

activities and the sources of certain agricultural products. The list of the

government and non-government agencies that have a need for accurate inventory

of agricultural products is almost endless.

For an adequate inventory of agricultural products, a worldwide data

base of land use is required. The data must include the extent of eachi

	

	
application, as well as something about the use such as what crops are

usually found in the area, the planting and harvesting practices, soil maps,

etc. At least one observation of the entire area each year is required to

determine changes in the amount of land committed to agriculture. In addi-

tion, there is a need to determine specific crop plantings. It is generally
l

12
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accepted that a sampling approach can be taken for this part of the inventory

problems. The number and frequency of the samples required has yet to be

established and it is very likely that the exacting requirements will evolve

over years of learning, calibration against other inventory methods on

F
controlled regions, and the establishment of correlation among crops. The

primary driver on the space data needs for inventory is that required to

j

	

	 adequately identify or classify the crop species. The approach judged most

likely to be implemented operationally will require multiple observations

separated by three days at specific times according to the recognized plant-

ing dates. The data of Table 1 quantifies the data volume required for

inventory and other agricultural functions. The detailed development of the

data volumes is presented in the Appendix. From the collateral data, the

likely crop species will be known. Based on the collateral data and the de-

tection of emergence, the critical times can be identified. For estimating

purposes, the following assumptions shown in Table 1 were made.

The first requirements for agricultural inventory is a total land use

sample after snow melt and before emergence. In the northern temperate regions,

after spring tilling is ideal because it will give a good measure of planting

intentions. The importance of this observation is to provide a basis against

which information may be extra.r.ted. Once the total plantings are established,

inventories of some species may be determined by subtraction of alternate

crop species as they are determined. The detection of desertification and

the conversion of previous non-arable land to arable land are important because

these factors have a significant influence on total agricultural production

capacity. The other rea,on why this first observation is important is that

the soils are a major contributor to the makeup of remotely sensed data.

Knowledge of this background is essential to be able to extract information

about the plant contribution to the signals sensed later in the growing season.

The next observation requirement is needed to determine plant emergence.

A sampling approach will be suitable and the collateral data will permit a

selection of the areas requiring the samples at a particular time. An excess

number of samples at this stage will permit great flexibility later during the

season. The time resolution of these acquisitions are less stringent than some

of those later in the season. An estimate of once every seven (7) days will

13
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permit a sufficient precision to identify emergence, to establish the start of

the crop calendar and with the collateral data, to identify probable crop

species. For particular climate regions identifiable from collateral data,

the period of observational requirement can be narrowed to about two months.

Consequently, the requirement for an average total of 8 observations per region

to determine plant species emergence.

Once the location of crops has been identified, the start of the crop

calendars are known, and the likely plant 'species are hypothesized, the crop

calendars can be used to direct data taking of specific samples to detect the

onset of flowering for each species. Eased on the assumption of no more than

four significant probable plant species in a given sample, four distinct

critical observation times can be estimated using crop calendars from the

collateral data base. The start of the calendar was previously determined.

Within each of these windows, an observation is required every three days.

In a similar manner, observations every three days during four specific windows

can be justified for determining crop species maturity. Each of these require-

ments account for twenty observations or a total of forty. In an operational

system, there might be some samples requiring more and others less. These

numbers are averages projected for quantification purposes. The precise

times of flowering and maturity relative to emergence when combined with the

collateral data are expected to provide an accurate means of classifying crop

species in an operational system.

The progression of harvest as well as the start of harvest in particular

fields provide additional confirmation of proper species classification and

agricultural inventory. The observation requirements are less stringent than

the previous ones. One observation every seven days over a five week period

is adequate. The location of the five week period will vary according to

the region and the probable classification of plant species previously estab-

lished. No significance is attached to total number of observations because

of the differing extent from the first whole land area requirement to samples

for determining maturity. These observational requirements were taken into

account when establishing the data volume of Table 1. While the confirma-

tion of these observation requirements must await demonstration projects,

they are deemed adequate for analysis of data system impacts.

16



The other major component of agricultural applications is yield. This

involves the projection of production before harvest. The USDA Economics,

Statistics and Cooperatives Services (ESCS) currently makes these production

forecasts by a procedure of regularly updating projections of plantings and

deviations frcm normal yields for reporting districts. A major factor in

determining the deviation from the normal is the weather conditions.

Episodes also have a significant influence on production estimates, especially

in the world statistics. The Foreign Agricultural Service (FAS) is currently

responsible for these assessments. The requirements for space data to

determine yield have not been established, but they can be estimated. They

fall into three categories, image data, weather forecast, and precipitation.

The image data requirements are expected to be met by the data acquired for

meeting the inventory functions. The exact sample location may be different

but it is likely that samples chosen for yield will also be adequate for the

inventory. No additional data requirement is projected in Table 1. Weather

data is of a long term forecast type and is not directly space related. No

special weather data considerations were projected for yield. Precipitation

data is the significant driver on the need for non-image data. A spatial

resolution of 12.5 km square cells is projected based on a consideration of

needed granularity to match soil types as well as availability of precipitation

data. Soil maps are expected to be developed to a much finer spatial resolu-

tion in the collateral data base. For a practical limitation in the operational

data base, the 12.5 km cell size grid spacing will be acceptable to precipita-

tion data as the best workable interpolated resolution compatible with the

collateral data of soil maps and planting practices.

There is a third requirement for space data that follows from the function

of predicting deviations in yield from normal. This application of space

data is currently being implemented in a limited manner by the FAS for early

warning of disasters adversly affecting crop production in foreign countries.

The quantification of data required for this early warning is difficult

because it is a random function. It is best estimated as a fixed percentage

of the other requirements. Both image data and meteorological data are re-

quired. Meteorological data includes temperature extremes, snow cover, and

storms. The image data is similar to that needed for inventory and consists

of multispectral visible, near and thermal infrared, and possibly microwave bands.
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4.2.3 Land Use

Other natural resources management functions are adequately represented

by land use. Some of the major ones are water availability, geology,

cartography, and range management. These uses are considered as indicatvie

of special requirements over and above a specific consideration, in this case

agriculture, that can have conflicting influence on data system requirements.

Major considerations are indicated in Table 2.

A brief analysis of Table 2 which compares four applications of similar

space data as needed by agriculture indicates a conflict in requirements.

Generally, the application that is a driver in one parameter, such as pre-

cision of location, total quantity of data, frequency of revisit, or maximum

tolerable transit time has relaxed requirements in other parameters. This

leads to the conclusion that the data system serving these users should be

flexible enough to permit a trade -off of performance parameters during opera-

tions. It is not necessary to serve each user with the same data or data

products. An example of such an operation is a sensor system that can scan

wall to wall or that can take repeated measurements in one portion of the

total field of view. At any particular time, data can be acquired for either

land use or agriculture, yet the total system will not have to handle the data

volumes indicated by a simultaneous performance to the summation of the re-

quirements.

4.2.4 Environmental Monitoring Use

Two applications areas were used to represent environmental monitoring

requirements: weather, and ocean monitoring. The weather users represent the

sophisticated user with established operational requirements. Ocean monitor-

ing users represent a different category of users with diverse requirements.

The users primarily are researches with a background in ocean science. They

are accustomed to working with a sparse amount of data and are grateful for the

synoptic data available form space. With few exceptions, the requirements for

operational applications have not been defined. For those that have, the users

of the space data are providing a service to other end users. The conflicts in

driving parameters exhibited in the earth resources management area are also

exhibited by weather and ocean monitoring applications. Significant differences

are portrayed in Table 3. 	 t8
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4.3 CHARACTERISTICS OF PLANNED SATELLITE SYSTEMS

The planning and implementation of satellite programs is a very dynamic

process continuallj+ affected by the realities of poiitical pressures,

budgetary restrictions, and occasionally by programmatic success or failure.

The intent of this discussion is to characterize the type of earth observation

satellite programs that can be expectod during the next decade. The near term

programs are being officially planned and budgeted. The farther out programs,

generally past 1985, are in prebudget planning stages or are concepts that are

generally agreed upon as desirable but are still subject to competi0 an among

other program approaches to providing the same information.

4.3.1 Earth Observation Program

The following breakdown of earth observation programs is arbitrary, but

suitable for this study:

1. Shuttle Flights

2. Earth Resources Management

3. Environmental Monitoring

4. Platforms

The above breakdown illustrates the transitional decade in space applica-

tions. Shuttle flights will begin in 1980 and will provide many repeated

opportunities for sensor development and experimental application of space data

to both the earth resources management and the environmental monitoring areas.

These programs are mentioned for completeness of the categories and do not

form the basis of this study exceptas this capability influences the trade-offs

involving the facility of accomplishing necessary precedent experiments and

acquiring special collateral data.

The Earth Resources Management programs are exemplified by the Landsat and

the Stereosat programs. The currently operating Landsat 3 and the Landsat D

scheduled for launch in 1981 are quasi-operational. They carry multispectral

visible and infrared scanning sensors in low earth orbit, regularly providing

images with ground resolution on the order of tens of meters and revisit
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opportunities on the order of every two weeks. A transition from this quasi-

operational to operational system is planned In the Operational Earth Resources

System (OERS) (reference 19). The emphasis here is on the word system since the

planning involves multiple satellites of different sensor compliments. As

currently planned, there will be two optical satellites (probably refurbished

Landsat D's) and a soil moisture mission satellite with a multifrequency

microwave radiometer. The expected time phasing of these and other missions

are shown in Figure 2. The significance of the OERS is Its intended application

for multiple earth resources disciplines, agriculture being only one.

Another future satellite is the Stereosat. This system is interesting

! , ;cause of its genesis in industry. A consortium of users, especially geological

industries such as oil and mining companies, are actively lobbying for this

system with the express purpose of providing a vehicle for industrial funding

and involvement.

Satellite systems in the Environmental Observation Area can be grouped into

three categories: NOAA/NESS, NOSS, and AEM. The NOAAA ESS satellites form the

only current operational non-military satellite system. The system comprises

the three high altitude satellites in geostationary equatorial orbit, SMS/GOES,

and the low earth orbiting (LEO) NOAA series of polar orbiters. These are

familiar as the TIROS series. in addition to this operational set of satellites

that primarily serve the weather and climate disciplines, but also provide

information useful to oceanology, the NIMBUS series serves as the experimental

platforms for future sensor systems.

The operational weather and climate satellites will continue. Supplemental

environmental data will be available from other satellites with specific missions

such as Oceansat, Ocean Circulation Satellite, and Icesat. A transition to

quasi-operational systems is also expected with these ocean missions. The

National Oceanic Satellite System (NOSS) (reference 20) will incorporate Ocean-

sat and possibly other missions for combined scientific data collection and

data collection for specific operational applications.
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	 The other series of satellite systems primarily serving environmental

observation applications is the Application Experiment Modules (AEM). They

are just as the name implies which is experimental. Magnetic Mapping Mission

(MMM), Upper Atmospheric Research Satellite (UARS) and Gra ysat are some of the

identified satellites of this type. These are the type of satellites that

will still retain much of the one to one relationship between the principal

investigator and the sensor- design and.mission planning. Nevertheless, the

data acquired by these missions will be integrated into the total information

available for performing other applications.

Toward the latter half of the next decade, the platform concept of

space systems will be employed. This concept considers a point in space as

a resource to be shared among many applications. Satellites in orbits de-

signed for nearly optimal coverage for all applications provide platforms for

many different sensors. The sensors will be activated according to the needs

of the specific application programs. The platforms approach melds the earth

resources management and the environmental observation programs, at least for

the operational systems. System 85 as described by Atlas et al (references

21 and 22) will consist of three GEO's and eight LEO's. This system will

provide a three-hour revisit opportunity for weather measurements. Since

this system is still in the conceptual stages, the time phasing, the makeup

of the sensor compliment, and the number of satellites cannot be accurately

predicted. It will probably be an accretion of in orbit systems such as the

NOAA/NESS and NOSS satellites. As the lifetimes of the early satellites in

those various programs run out, the replacement satellite will be bigger, more

capable and more general purpose until a true platform system evolves.

4.3.2 Sensor Systems

All the sensors that can fly on satellites will conform to certain

principles unless there is some unforeseen breakthrough in the laws of physics.

Even that would not effect the operational sensors that will fly in the next

decade. With the exception of in situ measurements in which the satellites

act as communication relays, the data will be sensed remotely, which limits

the methods of detecting disturbances in electromagnetic energy, fields, or

particle counts. Gravity gradient sensors and magnetometers sense disturbances

of fields. Existing sensors of these types are now flying. The Space
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Environmental Monitor (SEM) subsystem or the GOES/SMS system currently includes

a magnetometer and an energetic particle monitor. Any future developments

will consist of refinements in sensitivity and precision. The majority of earth

observations remote sensors detect disturbances in electromagnetic waves. Each

is sensitive to specific bands that are usually categorized: ultraviolet, vis-

ible, near infrared, thermal infrared, and microwave. The ultraviolet region

is not significant for earth observation sensing primarily because most of the

ultraviolet illumination is absorbed in the atmosphere. Some sensors are termed

active, especially in the microwave region, in principal supplying the excita-

tion or illumination energy. Some of these such as the radar altimeter just

sense the presence and timing of return signals. Others such as some We scat-

tering pollution detectors measure the shifts in the return signal strength

due to particles of measurable size or the absorption of energy in narrow bands.

Examples of existing sensors for each of the electromagnetic regions of in-

terest and typical ground spatial resolutions are presented in Table 4. The

sensor systems in this table are presently existing and the data from them was

used to demonstrate the various planned applications. The argument presented

is that for every application identified, there already exists a sensor system

to acquire the data. Particular applications may require specific resolution

or spectral responses, but that will be within the available technology.

4.3.3 Data Availability

With the observational opportunities afforded by the planned system, the

revisit times required by the users can be meta From the sensor technology

standpoint, the sensitivities required can also be met. Critical problems

arise from timeliness and cost considerations that are directly related to the

total data volumes and data processing systems.

5.0 KEY ISSUES TRADE-OFFS

During this study, trade-offs were analyzed in the areas of five key

issues. They were:

1. Timeliness

2. Data Acquisition

3. Data Processing
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4. Data Storage

5. Data Distribution

The questions analyzed for timeliness were:

1. What timeliness criteria is needed?

2. What timeliness degradations can be tolerated?

3. What application can be sacrificed to meet the critical timeliness
criteria?

4. What bottlenecks in the system can be ameliorated?

5. What problems are merely symptomatic in timeliness?

During the evaluation, system bottlenecks and other problems affecting

timeliness were analyzed. The issues investigated are listed in Table 5.

Table 5. Issues Subject to Trade-Off Analysis

KEY	 ISSUE QUESTIONS ANALYZED

TIMELINESS WHAT TIMELINESS CRITERIA IS NEEDED?
WHAT TIMELINESS DEGRADATIONS CAN BE TOLERATED?
WHAT APPLICATION CAN BE SACRIFICED TO MEET THE

CRITICAL TIMELINESS CRITERIA?
WHAT BOTTLENECKS IN THE SYSTEM CAN BE AMELIORATED?
WHAT PROBLEMS ARE MERELY SYMPTOMATIC IN TIMELINESS?

DATA ACQUISITION ARE THE , PLANNED SATELLITE SYSTEMS ADEQUATE?
ARE THE PLANNED SENSOR SYSTEM ADEQUATE?
WHAT CAN BE DONE IN THE AREA OF DATA ACQUISITION

TO BETTER MEET THE USES NEEDS?
WHAT PROBLEMS IN DATA ACQUISITION NEED TO BE ADDRESSED?

DATA PROCESSING HOW MUCH PROCESSING SHOULD BE DONE ONBOARD THE SPACECRAFT?
WHAT PROBLEMS ARE INVOLVED WITH ONBOARD PROCESSING?
WHAT PROCESSING MUST BE DONE BEFORE A USER CAN APPLY THE DATA?
WHERE	 IS	 IT MOST COST. EFFECTIVE TO DO THIS PROCESSING?

DATA STORAGE WHAT DATA SHOULD BE RETAINED?
HOW LONG SHOULD IT BE KEPT?
IN WHAT FORM SHOULD IT BE STORED?
WHERE SHOULD IT BE STORED?

DATA DISTRIBUTION WHAT OPTIONS ARE THERE FOR DISTRIBUTING THE DATA TO THE USER?
HOW DO THESE OPTIONS COMPARE WITH THE USER NEEDS?
WHAT APPROACH IS MOST COST EFFECTIVE?
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5.1 TIMELINESS

Space acquired data has a utility for many applications because it does

provide a rapid means of data collection. Without the possibility of rapid

collection, the applications would not have been considered in the first

place. Consequently, for these applications, the data Is perishable. These

applications have promulgated a requirement for quick delivery of data pro-

ducts to the users. This requirement has given rise to the issue of timeli-

ness. There is a relationship between the capacity of the data system re-

quired, and its cost, and the timeliness requirement that can be met.

However, an analysis of the various applications as to their timelines

requirement reveals that most of those applications with a need for short

delivery time have other ameliorating requirements such as not requiring large

data volumes or having an infrequent need for the data. Representative

applications in agriculture, land use, weather, and ocean monitoring are listed

in Table b according to their timeliness requirement.

A study of the timeliness requirements will permit a tradeoff in the

percentage of applications that can be served according to a predesignated

confidence. The data system can be designed to meet the data volumes and

timeliness on the presumption that the utilization will follow a normal

distribution. By prioritizing the application, the critical function can

always be met with infrequent delays in the less critical function. For selec-

ted applications such as some of the meteorological data collection, dedicated

data system elements can be justified.

5.2 DATA ACQUISITION

The issue of data acquisition was raised in earlier studies (references

1 and 2). The issue is that only a small percentage of the acquired data is

ultimately used for the final information extraction.. In the referenced

studies, it was found to be less than 0.05 percent for agricultural inventory.

For an operational system, this .05 percent of the acquired data would have to

bear the cost of acquiring and processing the other 99.95 percent as overhead.

If the data system must be sized to acquire data with such large overhead, the

investment cost will be unreasonably high and the resulting amortized data

costs to the users will be so high as to inhibit many otherwise cost effective

applications.
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Tne obvious solution would appear to only take the 0.05 percent of the

data that is required, However, therein lies the issue in that there is

little experience available to guide the selection of the 0.05 percent or
whatever the percent may be for other applications. The historical mode
for data acquisition from space is to acquire data at the capacity of the

sensor system and let the users extract the data they need from the large

volumes available. This philosophy is incompatible with operational require-

ments as the following exercise will illustrate.

The multispectral scanner acquires data in the visible and near infra-

red region at a burst rate of about 3.3 x 10 17 bits per day. Operational

constraints such as operating in daylight only, while over land, and within

available power budgets limits the total daily acquisition to much less than

one-hundredth of that amount. Yet, some of the operational applications re-

quire a revisit time of 3 days. if the same approach were to be followed for

the future operational data acquisition as is currently followed, that is take

all the data in what is called a wall to wall sample over the entire swath

of the sensor, a three-day revisit requirement for an MSS would acquire data

at the rate of 10 15 bits per year. If the Thematic Mapper with its additional

bands, quantization levels, and spatial resolution were operated in this mode,

the data would be acquired at the rate of 10 17 bits per year. The existing

data system has a capacity of accepting about 10 13 bits of image data per year.

Since no users need or can possibly handle data volumes of the magnitude

projected by sensor capacity, the issue of data acquisition involved finding

the approach to acquire only the data actually needed. This task is made

difficult because for some applications, the users don't know what data is

needed. Frequently in the research group, the proper data set is selected

only after many unsuccessful operations on the wrong data sets. Thus, if

research effort is to continue, a certain amount of data must be taken just

because it can be taken without a strict adherence to a policy of justifying

it for a particular application.
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In an attempt to quantify a reasonable data acquisition approach, driver

applications areas were chosen for both earth resources managemew, and for

environmental monitoring. The significant data needs in each area are listed

in Table 7. The operational needs may be contrasted with the research needs

for each application. By the time the operational application is sufficiently

developed to require the data according to specified parameters such as type,

band, spatial, spectral, temporal resolution, or timeliness, the data need

will also be sufficiently identified that only that data need be acquired.

This leads to the suggestion of either pointing a sensor or extracting the

desired data at the sensor. The trade-off on limiting data acquisition by

this approach is that the many applications of the same type data may need

it from different locations or at different times. It is also desirable to

use each piece of equipment, such as the satellite, sensor system, and

processing system to the fullest extent possible for as many applications as

possible.

In contrast to the operational user, who has tough data acquisition

requirements, but also can identify the data needs, the research user wants a

little of everything. Generally, the researcher does not have need for the

global extent of the operational uses. Data from representative areas is

usually sufficient.

The researcher usually segments his investigation to a particular interest.

If daily observations are required, it is in some few small areas. If global

synoptic observations are required, the spatial resolution requirement is

usually relaxed. Most researchers cannot handle large data volumes so they

design their experiments accordingly. The resultant impact of research appli-

cations on data acquisition is that there should be some limited amount of

data taken to provide a representative data base of space data. if the data

system is sized to acquire complete global coverage to the maximum capability

of each sensor type once per year with some selected multiple observations and

some flexibility in the acquisition schedules to accommodate specific experi-

ments, the research users' requirements will be met.
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An additional data acquisition function that is desired by the researchers

and is a solution for operational requirements is the ability for the user to

Interact in real-time with the data acquistion process. The space resources

can be time-shared much as computational facilities now are. The space re-

sources may be prescheduled in fixed blocks as well as a certain amount of

"open" time available on a first come, first served basis. This resource shar-

ing can accommodate several levels. Obviously, less pertubation should be

r

	

	 permitted in orbit variation than in compression algorithm. The former re-

quiring long time to effect while the latter could be accommodated in real

r	 time almost transparent to another waiting user.

For a platform with limited housekeeping resources, such as power, sun

pointing, and communication links, there might be a sharing of these resources

among sensors according to preestablished schedules. Pointable sensors,

selective filters, readout integration times, and onboard sample extraction

functions could all be shared, Within scheduled limits, all of the latter

functions could be under the direct control of the user.

Continuing with the driver requirements, the data acquisition needs are

projected in Table 8. The yearly volume for these drivers is on the order of
2 x 1014 bits. Additional allowance must be made for applications not covered

by the drivers as well as for the research needs. This number does provide

a design goal for the data system. G':ubling and tripling the data volume pro-

jected by the driver applications yields a range of 4 to 6 x 10 i4 bits per year,

which will be used for the trade-off analysis on the subjects of processing,

storage, and distribution.

5.3 DATA PROCESSING

Unlike the thermometer that is directly readable by a human in degrees,

data remotely sensed by detectors in space requires a large amount of process-

ing to be intelligible by either humans or application models. The principal

detectors for earth observation applications sense disturbances In electro-

magnetic fields over the range of visible light to microwaves. The discussion

of data processing will be limited to this type data. This data is frequently

categorized as image data or grid point although this classification is not

completely correct. The evolution of sensor systems has been such that data
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	 used primarily for images was subjected to a particular type of processing and

other data such as discrete atmospheric soundings was taken at particular

points on a grid. Generally, the so called image data was taken by some sort

of scanning instrument and the resulting data contained large amounts of

spatial information. The spatial resolutions are small and the data volumes

large. However, none of these characteristics are either innate or limited

to 'image' data. Sounder instruments can scan, the resolutions are increasing,

and images of spatial information can be constructed from the data. The

distinguishing feature of the two types of data is whether or not the in-

formation is directly contained in the detected measurements or whether it

must be infr , red by a series of matrix inversions. For purposes of discussing

data processing, the data will be referred to as type A or type B. Information

is generally extracted from type A data by classification and the generation

of thematic maps. Type B data must be subjected to a matrix inversion process

whereby the reflectance coefficients of n channels are transformed to n

coefficients representing a like number of geophysical parameters before the

information can be extracted from it. The amount of time devoted to process-

ing the measurements for any particular time and location for type B data is

one to two orders of magnitude greater than for type A data. Generally, the

data volumes of type B data are much less. Typically, one measurement will

be taken every 100 km on a grid for type B data. All the space data must

be subjected to the following four functions; format, locate, correct, and

information extract. The specific processes depend upon the sensor system,

the type data, and the application.

5.3.1 format

With few exceptions, space data will be digital. There are some video

cameras that transmit analog signals as well as some photo systems such as

the Large Format Camera that will be used on Shuttle that will not directly

provide digital data. For the bulk of the sensors, the data is digitized and

j encoded for transmission to the ground. The communication links handle data

from different sensors and different detectors within a sensor. The data
	

i

messages which are constructed onboard for digitized values from different

detectors, must be rearranged accordingly to some usable format for process-

ing. For a multispectral scanning type sensor, the relative location of each

picture element or pixel must be determined. For a sensor such as the Thematic
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Mapper, the band to band displacement on the ground of data taken at any

Instant in time is about six kilometers between band one and band six. The

formatting part of the processing is necessary to determine just what data

a piece of data is. For some of the active sensors that switch bet"%:en

excitation frequencies, the formatting function places data for like fre-

quencies together. The significant quality about format processing is it

does not alter the information content of the data and is thus not controversial

from the standpoint of applications. Thus, it is a common process that can be

shared by all users and should be performed as soon as possible. The ultimate

is to format onboard.

Depending upon the disposition of the data, additional formatting is re-

quired. For example, data to be subjected to particular algorithms must be in

compatible formats. Data to be stored may require a different format than data

to be transmitted over a communication line. Some users want all the data

about a particular location, while other's want just one channel of data over

a large area. Some scanning sensors scan back and forth while others only

scan from right to left. Consistency is required for interfacing to additional

processing. From a total system standpoint, the fewer transitions that the

data must be subjected to, the more optimum the system design. Thus, formatting

for specific algorithms should be postponed until late in the data flow.

5.3.2 Locate

Space data must be located to be usable. This includes locations in both

time and space. The present approach is to regularly identify the data with

time information. In addition, the position of the spacecraft, its attitude,

the sensor pointing and other information about it such as any filters,

voltages, and temperature are also correlated with time data. This information,

called ancillary data, is essential to use the space data. At some point in

the processing, this ancillary data is merged with the space data and is used

to locate the data as well as to compute correction coefficients. This merg-

ing of ancillary data is a noncontroversial requirement for all users. 	 It

should be done as soon in the data flow as possible and is a good candidate for

onboard processing.
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5.3.3 Correct

Depending upon the point of view, some alterations to the data is either

correction or corruption. Trade offs are required for this processing since

not all users want the same process. The normal correction processes con-

sidered are radiometric, geometric, and atmospheric. Radiometric usually is

accomplished on scanning type instruments by regularly scanning the detector

passed a known source and then adjusting each signal level linearly according

to the amount required to bring the known reading into specified limits. In

some systems, there may be a bias introduced for each frame or group of frames,

to increase the dynamic range of the sensor without sacrificing quantization

or requiring more bits. Both of these types of radiometric corrections are

noncontroversial and are required by nearly all users. They too should be done

early. As linear arrays replace scanners in sensor systems, the methods of

performing-radiometric correction will change, but it it still expected to

be a noncontroversial process.

Geometric correction has some controversy associated with it according

to the application. The process generally involves transforming the data to

some reference system. There is a physical transformation when the data is

first taken according to the geometry of the sensors. Electromagnetic radiation

from a curved earth travels different lengths through the atmosphere to impinge

upon detectors at different locations and times. For known geometry, a reversal

of the process is desired to represent the object sensed. For a nadir pointing

sounder, the distortion is minimal and the measurement can be mapped onto a

grid of the time and space coordinates of the satellite at the time the data

was taken. For pointable imaging sensors, the process is more difficult

because of the warping and complexity of the geometry. There will even be

some band to band difference. For scanning sensors, the mechanical movements

will impose some uncertainity. Then too, there will not be a continuous

mapping function since the digita l, data is quantized by its nature. Thus,

some resampling scheme such as nearest neighbor, bi-linear interpolation, or

bi-cubic approximation (reference 23) is required. The controversies center

around the method of resampling and the artificial pixel levels that may be

generated. Some applications are better served by applying the raw data

directly to the algorithm before geometric correction. On the other hand,

geometric correction and resampling is a necessary processing step for many

4o
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applications and should not be unnecessarily duplicated. The somewhat subjec-

tive recommendation is it should be provided by the data system on an optional

basis and that it should not be done onboard. The necessity for geometric

correction is a function of the size of the images and the displacement off

radar. For small samples, on the order of a few kilometers with a few tens

of kilometers from nadir, there will be very little distortion.

On the assumption that the geometric correction function will be performed

on the ground as a service to the users,, there are still many tradeoffs. Con-

clusive recommendations must await the implementation of the system and experi-

ence from users. In many cases, the current controversies can be expected to

diminish as the true operational requirement and the application models are

developed. The following considerations listed in Table 9 are identified for

further investigation. The major impact is some transformation of data to

a standard coordinate system is desirable from the standpoint of being able to

correlate data from different sensors. There is also much overlap in the data

near the poles so the data volume archived would double if raw data were re-

tained. Other considerations identified in the table involved the decision of

retaining data geometrically altered according to the needs of different users.

This is considered further in the data storage issue.

Correction for atmospheric distortions is a somewhat esoteric process

that is not universally required for each application. For type B data, it is

inherent in tKe information extraction process. For type A data, it may take

j	 the form of non-linear correction coefficient according to calculated geometric

distances from the object to the detector, correlation of data acquired from

other sensors, or standard data according to empirical statistics. In any case,

it should be considered as an optional service provided by the system but not

generally applied to all the data.
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5.3 .4 Information Extraction

Information extraction from space data is currently left to the user or

is done within the NASA data system only in the research mode. There are some

functions widely needed for many, applications. These should be performed within

the future data system. For type A data, they include cluster classification,

density slicing, edge enhancement, stretching, and change detection. For type

B data, they include the matrix inversion process which involves the simultan-

eous solution of n equations in n unknowns for such geophysical parameters as

various atmospheric constituents, soil moisture, skin temperature, salinity,

wind velocity, and atmospheric pressures and temperatures. With the exception

of high volume users and the needs of researchers for samples of the raw data,

the matrix inversions should be applied to all the data and the geophysical

parameters archived.

The synthetic aperture radar and some of the .radar altimeter data also

require special processing that is relatively noncontroversial but complex.

The performance of this processing by the system and storing the resulting

parameters reduces the amount of duplication in processing, reduces the total

storage volume, and increases the number of applications that are economical.

The information extraction resulting from the exercise of user models is

normally excluded from being a system function. However, for many of the

users that are providing services, this is still a candidate for future trade-

offs. Soil moisture and various weather applications where the results are

needed as data inputs by other users fall into this category. Because of the

volume and complexity of the data system, the present recommendation is to

continue to exclude these functions. Some approaches at the distribution

level, whereby the data system will permit users access to each other's

resulting data, appear more practical at present.

'	 5.4 DATA STORAGE

Data storage is the single most critical issue of the future data system

because it is both essential and extravagant. The number 4 x 10 14 bits per

year of data was developed during the discussion on data acquisition. This is

the data volume required for the user applications. To store this volume of
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data on 6250 bpi half-inch computer compatible magnetic tape would required

in excess of 1.6 million reels of tape. The problem is compounded by the

need to store the data at different points during the processing flow because

different users want the data at different stages and because of the need to

retain the data for lengthy time periods since many users require historical

data. This analysis is aimed at defining a reasonable approach to 6ata

storage. Data storage ,requirements are segmented into buffering and archiving.

Buffering is defined as storage of the intermediate data for less than one

year. in many cases, it will be for milliseconds while awaiting error checks,

retransmissions, etc., from the following processes. Buffering will be used

to prevent loss of data or to minimize subsequent reprocessing to obtain the

same data. Archiving will be for periods longer than one year and in many

cases indefinite.

A generalized data flow is illustrated in Figure 3. Each node between

processes is a potential storage point.. In addition to providing storage for

the space data, the data system must provide for collateral data that is

necessary to fully utilize the space data. The users themselves may provide

some collateral data, but in the interest of overall cost efficiency, much of

it should be available from the system for all applications.

5.4.1 Data Storage Considerations

Before commencing with any evaluation of the desirability or undesirability

of storing particular data at any specific point in the processing flow, some

general considerations are in order. They are related to the time, cost, and

technology of storage. Time considerations include the time needed to reformat

the data for storage in a particular medium, the time to store the data, the

time the data will be stored, and the time it takes to retrieve the data. This

is often a function of the volume of data involved and the number of times

retrieval is required. The costs involved for storage, depending upon the

the media and retrieval, may include the cost of the storage device plus con-

sumable material. A comparison of the different storage technologies for

different times and costs are shown on Tablel0. Different technologies lend

themselves to storage at different places in the system. The faster access

electronic devices are more suitable for buffers and for locations requiring

data manipulation such as reformatting or extraction of portions of the data.
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Others such as removable disks or same of the exotica roaches such as laser►	 PP

recording on film, are very conducive to off-line library storage. Another

Important consideration for some of the data system storage needs is portability

of the stored data. While film is not listed in the table, it is very suitable

to storing image data. It can be reproduced at. a low cost and distributed

Inexpensively. Some of the optical disk approaches can be expected to also

exhibit this advantageous quality in the future. The data in Table 10 for

conventional methods was computed from some of the many storage analyses in

the literature (references 24, 25, 26, 27 ,, 28, 29 0 30, 31, 32, and 33). Most of

the mass storage devices employ various methods of changing magnetic tape

cartridges (references 34, 35, 36, and 37). They may have some limited appli-

cations in the data system, but because of their short archival life are not

suitable to the archival needs for space data. The exotic storage devices

such as the electron beam (BEAMOS) (reference 38), or the optical systems

(references 39 and 40) offer both the densities and the long term storage sta-

bility required for archiving the large volumes of space data. While they are

still in an early stage of development, the needs of such devices have been

sufficiently established that they can be expected to be readily available in

reliable commercial versions by the mid 1980's.

5.4.2 Data Storage Locations

The questions of "What data should be stored?, 11  "Where should it be

stored?,"" and "How should it be stored?" are best considered according to the

data flow of Figure 3. Each of the nodes following a functional process is a

potential storage point. A certain amount of temporary storage is required

as buffers to accommodate differences in quantities, complexion, and pro-

cessing rates for different functions throughout the system. The load level-

ing benefit will enable more economical siz;ng of the data handling facilities.

It will also provide some relief from availability requirements. The important

consideration for the use of buffer storage is that it not be so large as to

permit backlogs of data that will impact the timeliness of the delivered data

products. A sizing goal is a system capable of processing all the acquired

data on the average using 90 percent of the system capacity and to be able

to commence processing 80 percent of the jobs within one hour of receipt of

the data. Then, buffers can be sized to accommodate the one-hour delay, and
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the appropriate delays for the remaining 20 percent of the ,jobs. In many

cases, the receipt of large ,jobs will be sufficiently separated that extensive

buffers will not be required. Storage for overflow conditions can be accommo-

dated with magnetic tape. High density digital tape will currently hold 1011

bits per reel. Other media is more appropriate for different conditions.

A point by point analysis of each potential storage node of Figure 3 is

presented in Table il. Recommendations or other factors are presented in the

column labeled comments. There may be some who will argue that the rationale

for not retaining data at each node was arbitrary but the total impact of

such an approach is illustrated by the following example. For this example,

only one sensor, a Thematic Mapper on a Landsat D satellite with a 16 day

revisit orbit, will be used. The data storage requirement for 100 percent

retention at each of the first six nodes of Figure 3 is determined.

Example 1 - 100 percent data storage for l sensor for i year

Given: 1 Thematic Mapper

16 day revisit time

4 visible bands at 30 meter spatial resolution

2 near IR bands at 40 meter spatial resolution

1 far IR band at 120 meter spatial resolution

8 bit quantization level

Data acquired over land only= .27

Visible and near IR bands acquire data only in daylight = .5

Equatorial circumference of the earth = 40075 Km

Polar circumference of the earth = 39941 Km

Swath width = 185 Km

World land area = 148940540 Km 

Assumptions: Orbital ground trace equals polar circumference of earth

Minimum equatorial overlap

No cloud editing

No excess pixels required due to band to band displacement
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The number of orbits can be determined by equation 1-1.

Number of Orbits - 
Integer of equatorial circumference

swath width

4 0--1 85	 216,6

217 orbits in 16 days - 13.5625 orbits per day.

The calculation of the number of pixels per orbit is the product of the

number of cross track pixels times the number of along track pixels. The cross

track pixels are determined according to equation 1-2 and the along track

pixels according to equation 1-3.

Number of Cross 	 swath width	 18.5 x 10 3 meter	 (1-2)

Track Pixels	 spatial resolution	 SR

SR = 20, 40, or 120
l

Number of Along _ orbital ground trac e_ = 39941 x 10 3	(1-3)

Track Pixels	 spatial resolution	 SR

The data volume is determined according to equation 1-4.

Yearly Data	
pixels	 orbits	 (umber )  (percent	

(1-4)

Volume	
per	 X	 per	 X	 of	 X	 land	

X
or

	 day	 bands

day/	 itsdays
night	 X	 per	 X per
actor
	

(Pb

ixel	 year

r percent	 0.5
per	 X 13.5625 x (N) X .27 X 1.0 X

orbit

8 X 365

10692.675 X volume
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Volumes are listed below for each resolution band.

Resolution
Cross
Track Track Bands

Day/
Night Volume

30 6167 1.331367 x	 106 4 .5 16421.08 x 106

40 4625 998525 x 10 6 2 .5 4618.1781	 x	 106

120 1542 .332842 x io6 1 1.0 513.24236 x 106

TOTAL 21552.5 x 106

The yearly volume is 230,453,870 x 10 6 bits.

This volume of data of 2.3 x 10 14 bits per year is the total volume of
data per year that could be acquired by the Thematic Mapper it a 16-day

revisit orbit if it were not constrained by power budgets, operating con-
sideration, communication links, or ground processing restrictions. This
is the data volume that would require storage upon receipt at the ground if

no one would impose any restrictions on data taking or storage.

If the decision were made to record all the data at each of the nodes

shown in Figure 3, this same volume of data would be stored at each of nodes

two, three, and four. For this example, the data would be subjected to geo-

metric correction after radiometric correction. At that point, the overlap

would be removed so a new data volume will result.

For a land area of 148940540 Km2 , the data volume as shown below will

result.

Resolution Bands Bits per Coverage
Repeat
in Days

Number of
Repeat/
Year

Total Year
Bits x	 106

30 4 5295663.3 x 10 6 16

16

22.8125

22.8125

120807310

3397705840 2 148946	 .3 x 106

120 1 82744.7 x 106 8 45.625 3775227

TOTAL 158559580 x 106
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On the assumption that only one classification map will be generated from

the 8 channels of data every 16 days or 23 times per year, an additional

30450063 x 106 bits of data will require storage at node 6.*

The total storage requirements are presented as follows:

Node Following Bits Per Year

1 Receiving 230 453 870 x 106

2 Formatting 230 453 870 x 106

3 Correlation 230 453 870 x 106

4 Radiometric 230 453 870 x 106
Correction

5 Geometric Correction 158 559 580 x 1 06

6 Classification 30 450 063 x 106

TOTAL 1384 875 600 x 106

The continuation of a de facto archiving practice of all the data passed

through each node would result in a whopping 1,4 x 10 15 bits per year for just

one sensor.. Obviously, data must be discarded and the temptation to save

buffered data past its intended,life because it may be useful in the future

must be rejected. It may be that agreement in principal against saving all the

raw data at each processing node already exists, but there is still little

agreement among both users and processors on what data should be discarded.

The data volumes for acquisition indicated in Table 7 result from an engineering

assessment unpredjudiced by any favorite applications. These volumes can

reflect the corresponding storage requirements throu g hout the system according

to the analysis of Table 11. As the data system matures, adjustments for

specific data products can be expected but the reulting total volume is not

expected to deviate markedly from the values presented in this report. An

additional data storage consideration is the need for storing collateral data.

-`The thermal IR with an 8-day repeat will provide 2 channels for use in
classification.

t
t
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5.4.3 Collateral Data Storage

Nearly every application of space data requires collateral data to aid

In the development or the interpretation of the resulting information. Many

1	
applications can effectively use the same collateral data. Some collateral

data can be employed within the system processing to reduce the difficulty

of reducing the data. Several types of collateral data can be maintained by

the data system for a more cost effective end to end application than if the

users had to maintain all of their own data bases.

Some of the principal candidates for collateral data as part of the NASA

data system data base are those things that change slowly, those that are

widely used by many applications and those that are obtained during instrument

development programs such as shuttle flights. Synthetic aperture radar data,

Large Format Camera film images and the resulting digitized data, and reflection

and absorption properties of various atmospheric constituents are such data.

Demographic information and data obtained via aircraft also are candidates for

inclusion. Various types of surface truth data are also desirable as well as

soil maps, cultural practices and ground control points. However, there is

the problem of maintaining currency. While these items are desirable from

an overall cost effectiveness standpoint, they do require an active acquisition

and management system.

The collateral data requirements for each of the surrogate applications

are listed in Table 12. Some of the collateral data is not applicable to

certain applications and is so identified by "N/A." The degree to which the

collateral data should be maintained by the data system is indicated by a

"yes" when it is a good candidate, a "probable" when it has a wide range of

applications although probably not now a legitimate NASA data system

activity, a "doubtful" when the applications are limited or require specialized

acquisition and maintenance, and a "no" if the utility of the applications

would not be enhanced by being generally available via the data system.

5.5 DATA DISTRIBUTION

The applications of space data envisioned in the earth resources manage-

ment and environmental monitoring areas have been shown to involve a diverse 	 {

community of users with needs ranging from a specific geophysical value such
	 i

^€
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as temperature requested from ten different geographic locations once a month,

to the need for thousands of megabits per day in the form of unprocessed image
data delivered continuously to a central processing facility. The satisfaction
of such requirements dictates the need for an extremely flexible distribution

system. The system must have streamlined processing and delivery capability

with a minimum of human intervention. it also implies a hierarchy of process-
ing functions. The unsophisticated user can only be satisfied if his specialized
processi-ng needs are performed only on the data he needs as it is requested.

The large volume uses` can be satisifed by not performing any excess processing

on the data he requires.

Closely correlated with the ability to distribute data products in a timely

manner is the need to minimize the excess data flowing in the system. Just as

specialized processing can be minimized by doing it on an "as requested" basis

only, so can specialized data acquisition be accommodated on an "as requested"

basis. To implement this approach to data acquisition, two functions must be

provided. One is an interactive user acquisition function and the other is a

total data acquisition capability mission model. Not all requests for specialized

data can be accommodated immediately. Some may require the favorable position-

ing of a sensor and others may require the availability of the resource which

may be committed to supplying other data needs. An additional function of cost

accounting and priority resolution is needed if the system is to respond to

specialized needs. In the past, the users paid for the cost of duplicating;

and delivering data products. If a limited amount of resources are to be

1	 allocated for specialized data acquisition, the cost of the data itself will

require a chargeback according to use. A multi-level tariff structure seems

appropriate since some users can wait to obtain their data on a non-impact

basis with other users with emergency needs.

Certain data processing functions, such as classification, image enhance-

ment, and measurement correlation among data from several sensors can best

be performed for the small user as a system utility. Again, the charges for

these services can be levied according to established tariffs much as computer

time shared systems currently operate. The only difference is the data system

would be supplying the data and the algorithms.

59



Yy

Y

The synergism of the many applications poses an additional data
distribution problem. For example, many agricultural applications raquire

meteorological !and soil moisture data derived from space radiometry. This

same data may 5e used for weather applications to generate atmosphere coeffi-

cients and data inputs to weather models. The outputs of the weather models

may also be the meteorological and soil moisture needed for agricultural

application. The results of the agricultural soil moisture models may also

be input to the weather models. This is not an unworkable problem for large

users such as the National Weather Service or the U.S. Department of

Agriculture and in spite of the bureaucratic obstacles, the exchange of data

between such users can be expected to be effected. However, if th ,, users

are private concerns, or smaller agencies without established policies for

data exchange, the overall system efficiency will be hampered. A beneficial

data system function would be to provide for the interchange of data from

users' private data bases. There would be many problems such as cost account-

ing, data integrity, access control, and liability that would need study and

resolution. Additional technical problems such as format compatibility

and data base management would need solving. This function of providing access

to users' private data bases is not expected to come about until the later

stages of data system implementation.

The cost of delivery of the space data products is a major factor in user

acceptance of the system. The choice of trawiportation media should be care-

fully matched with timeliness requirements. The need for interactive requests

and the response times available through digital electronic data transfer pre-

supposed a digital data network. However, for many users, this can be via the

commerical communications channels such as the proposed 56 kilobit Advanced

Communication Service (ACS) (references 41 and 42) or Xerox Telecommunication

Network MEN) (reference 43). For the very low volume user, the standard
voice grade telephone circuits and modems will be adequate. A trade-off is

required for each application requiring large data volumes. If timeliness

is a legitimate requirement and the application can justify the cost

of dedicated communication links, wide band channels such as fiber optics

or satellite to ground station links are in order. The cost advantage of

physical transport should not be neglected if some delay in delivery can be
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tolerated. The current method of shipping computer compatible magnetic to es9	 tape$

 drawbacks of being expensive and requiring substantial data processing

delays in production of the tape. Film transparencies have the drawback of

requiring digitizing for many applications. Future methods such as holographic

or laser recording on specially prepared substrates are likely to be the

favored approach for delivery of large data volumes for most applications. The

economics of these approaches are closely related to the selection of data

storage methods. The cost of the delivered product is a function of both the

cost of production and the cost of transportation.

5.6 KEY ISSUE SUMMARY

While the issues of timeliness, data acquisition, data processing, data

storage, and data distribution were analyzed separately, the resolution of

each is dependent upon the approaches used to resolve the other problems.

Limiting data acquis iition, alleviates some of the delays in processing, thus

improving timeliness of the delivered product. There are trade-offs between

timeliness and data distribution costs. There are trade-offs between data

storage and reprocessing. The complexity of the data system requirements to

apply space data to users' needs is such that no single analysis will suffice

to design and implement the optimum system. A series of iterations will be

required with analyses of the salient problems in a general way, followed by

a limited implementation of benefit to some users with a continual upgrade

in system capacity, functions, and applications served. The resulting single

'

	

	 most important requirement for the data system is flexibility to accommodate

changing requirements as the system is implemented.
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APPENDIX A

This appendix contains a listing of the application of space data that were

considered in the selection of the drit:;' application of the study. Table B

in this appendix contains the detailed data acquisition requirements for the

driver applications. The data volumes for each observation requirements were

calculated according to equation A-1.

V - I -- A	xQxBxFxN
(SR) 2

(A- I )

where

V is the total bits per year observation requirement

A is the areal extent

SR is the spatial resolution of each band

Q is the quantization level in bits

B is the number of bands at a particular spatial resolution

F is the factor for sample size

N is the number of observations required per year



APPENDIX

TABLE A

APPLICATIONS OF SPACE DATA

I.	 EARTH RESOURCES MANAGEMENT

A.	 AGRICULTURE

1. CROP CULTIVATION INVENTORY

2. CROP PANTING PROGRESS

3. CROP TtPE AND AREA DETERMINATION

4. CULTURAL PRACTICES EVALUATION

5. CROP PHENOLOGY MONITORING

6. PLANTING DATE ADVISORY

7. CROP INVENTORY

8. CROP YIELD AND PRODUCTION FORECASTING

9. IRRIGATED  CROP INVENTORY

10. NOXIOUS 41EEDS ASSESSMENT

11. INSECT AND DISEASE MONITORING

12. CROP MOISTURE STRESS ASSESSMENT

13. NUTRIENT DEFICIENCY OR EXCESS SALINITY ASSESSMENT

14. DISASTER DAMAGE ASSESSMENT

15. DETERMINE SOIL TEMPERATURE TO WATER DEPLETION
RELATIONSHIPS

16. FREEZE DAMAGE ASSESSMENT

17. EARLY WARNING OF PRODUCTION SHORTFALLS

M PROGRAM AND POLICY EFFECTIVENESS ASSESSMENT
19. DATA FOR POLICY DECISION

20. DATA FOR LEGISLATIVE ACTIONS

21. ASSESS COMPLIANCE AND EFFECTIVENESS OF VOLUNTARY
PROGRAMS

22. MAP MATURITY HOMOLOGS

23. PLAN LOGISTICS OF FEED AND FERTILIZER

24. PLAN LOGISTICS OF HARVEST SUPPORT

25. PREDICT WORLD DEMANDS FOR FOOD AND FIBER

v
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;16. MONITOR IMPACT OF WEATHER ON HARVEST PROGRESS

27. IDENTIFY  I SLANDS OF DISEASE RESISTANCE

28. MONITOR COMPLIANCE WITH LOAN SECURITY PROGRAMS

29. MONITOR COMPLIANCE WITH PLANTING LIMITATIONS

B.	 LAND USE

1. SURFACE WATER BODY MAPPING

2. PLAYAS LAKE MAPPING

3• RIVER RUNOFF MAPPING

4. WETLAND INVENTORY

5. VEGETATION SPECIES MAPPING

6. LAND COVER MAPPING

7. FOREST INVENTORY

8. FOREST PRODUCTIVITY ASSESSMENT

9. FOREST CLEARCUT ASSESSMENT

10. WILDLIFE HABITAT EVALUATION

11. CARTOGRAPHY

12. GEOLOGICAL MAPPING

13. LINEAMENT MAPPING

14. ROCK TYPE MAPPING

15. LANDFORM MAPPING

16. THERMAL INERTIA MAPPING

17. DETERMINATION OF SOIL MOISTURE TO GEOLOGICAL
STRUCTURE RELATIONSHIP

18. MINERAL SURVEYS AND INVENTORIES

19. POWER PLANT SITING

20. COMPREHENSIVE PLANNING

21. HIGHWAY PLANNING

22. GEOTHERMAL POTENTIAL ANALYSIS

23. WATER CIRCULATION

24. LAKE EUTROPHICATION SURVEY

25. IRRIGATION DEMAND ESTIMATE

26. WATER RESOURCES PLANNING AND MANAGEMENT

27. HYDROCARBON EXPLORATION

28. GEOBOTANICAL STUDIES

29.. URANIUM EXPLORATION

30. LANDSLIDE MAPPING

A-3
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31. LANDFORM CHANGES

32. ERROSION CONTROL MONITORING

33. ILLEGAL SURFACE MINING DETECTION

34. SOLID WASTE MANAGEMENT

35. FLOOD PLAIN DELINEATION

36. FIRE FUEL POTENTIAL

37. FLOOD CONTROL MAPPING AND DAMAGE ASSESSMENT

38. FLOOD RECOVERY OPERATIONS

39. RANGELAND MANAGEMENT

40. SOIL CLASSIFICATION AND MAPPING

41. SOIL MODEL DEVELOPMENT

42
	

SOIL EROSION

43. CONSERVATION PRACTICES ASSESSMENT

44. RANGELAND ACCESS CONTROL

45. RANGELAND FORAGE TYPE AND YIELD  INVENTORY

46. RANGELAND REHABILITATION

47. DESIGN OF RANGELAND LEGISLATION

48. GOVERNMENT RANGELAND PROGRAM COMPLIANCE MONITORING

49. EPISODE DAMAGE TO RANGELAND ASSESSMENT
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