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EXEQUTIVE SUMMARY

The Land Remote Sensing Commercialization Act of 1984 calls for the

Secretary of Commerce, and, through delegation, NOAA, to provide for a U.S.
archive of data from U.S. and foreign earth resources satellites, to serve
historical, scientific, and technical purposes, including global
environmental monitoring. This new archive, .named the National Satellite
Land Remote Sensing Data Archive (NSLRSDA), is planned to begin operations
in 1989, However, the law left the following factors to be determined:

(1)

(2)

(3)

(4)
(5)

the data to be archived in the NSLRSDA, together with criteria that
decide which data should be collected, and in what order of priority;

the satellite remote sensing systems which should provide data to the
NSLRSDA;

the location(s) of the archive (subsequently agreed to be the USGS
EROS Data Center);

the method of storing and accessing the data; and

the geographic or other frame needed to reference the data, both for
acquisition and subsequent recall.

This report addresses the above issues and provides recommendations on

each, together with a general methodology for future archive planning and
data acquisition by the NSLRSDA. It documents the results of a seven—month
analysis performed by Earth Satellite Corporation, with assistance from the
National Oceanic and Atmospheric Administration, the U.S. Geological
Survey, and the National Archives and Records Administration, and with
substantial inputs from several hundred potential users of the archive.

(1)

(2)

(3)

(4)

(5)

The report contains the following elements:

A review of spaceborne sensors and imaging systems of possible value
for land remote sensing. ‘

A review of land remote sensing data bases currently in existence, in

.this country and abroad.

A survey of archival media, and of the state of the technology of both
film and machine-readable storage and retrieval methods.

A review of possible long-term data uses and disciplinary requirements
for NSLRSDA archival data, established through interviews and meetings
with data users.

The definition of a geographic reference frame for data collection,
together with an organizational framework and a systematic procedure
for deciding data acquisition priorities in the NSLRSDA.

CONCLUSIONS: The conclusions drawn from these analyses are as follows:




(1)

(2)

(3)

(4)

(5)

(6)

Of the more than two hundred spaceborne imaging systems of possible

interest for land remote sensing, thirty—eight are judged of potential

value to the NSLRSDA. Final rankings are made among them into three
levels:

Level 1: Sensors that can provide data to the NSLRSDA

immediately. Initial archival interest should be concentrated on

these. They are: the Landsat Thematic Mapper, the Landsat

Multispectral Scanner, the Landsat Return Beam Vidicon (no longer

functioning), the SPOT High Resolution Visible sensor, the
Advanced Very High Resolution Radiometer, and the MOS Multi-
spectral Electronic Self Scanning Radiometer.

Level 2: Sensors not operating today, but which will provide
valuable data to the NSLRSDA once they are functioning (8 sensors
are in this group). '

Level 3: Sensors that are still purely conceptudl, or undefined

as to design specifics or data availability (24 sensors are in
this group).

Significant holdings of valuable data exist and will continue to exist

in foreign data banks; however, procedures to ensure the orderly
transfer of such holdings, present and future, to meet the needs of
the NSLRSDA have not yet been established.

There is great interest on the part of potential users in the NSLRSDA,
but also widespread concern that the value of the enterprise will be

reduced unless the appropriate data are selected, collected, and
stored. Scientific users are seen as an essential part of that
continuing selection process.

The same user community feels that the full future uses of archival

land satellite data are not yet well understood. The user community

is concerned lest the NSLRSDA become tco rigid in its structure to
accommodate changing priorities.

Although the NSLRSDA is a new enferprise, there alréady exists in the
United States considerable experience in the building and maintenance
of data bases for land remote sensing satellite data. This experience

should be capitalized upon as much as possible.

At the same time, cost limitations will make it infeasible for the

NSLRSDA to encompass or substitute for all remotely sensed satellite

existing data bases in this country and abroad; nor will it be
possible to impose on those data bases the sampling and copying

requirements of a U.S. national archive of permanently valuable data.
Thus the continued existence of these uncontrolled data bases must be
assumed, while it must further be assumed that their contents may have

considerable value for land remote sensing research applications in
this country. -
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(7) Remotely sensed satellite data are increasingly used in digital form.
This allows them to be transformed easily to a variety of map
projections, and used in conjunction with data bases of other types of
information.

(8) The same increased use of digital forms of data makes accurate
calibration and processing history of data of increasing importance.

(9) The key technological variable for digitally stored data is not
storage medium lifetime; it is the rapid progress in and consequent
rapid obsolescence of read-and-write storage technology. Cost per
unit data stored is decreasing fast, at the same time as media storage
densities increase.

(10) The data volumes under consideration are very large (many trillions of
bits of information), and data acquisition strategy, referencing, and
retrieval represent a large logistics, data management, and
computational problem. '

RECOMMENDATIONS: The above conclusions lead to the following recommenda-
tions: :

(1) The NSLRSDA needs to inventory the holdings of other data bases,
particularly those abroad, and to establish, as soon as possible,
bilateral agreements with other organizations and nations for the
transfer to the NSLRSDA of selected necessary data.

(2) To assure the acquisition of the most useful data by the NSLRSDA, and
to give it suitable flexibility of structure, an Archives Steering
Group should be established, for the overall guidance of the NSLRSDA.
Under this Steering Group an Archive Data Selection Committee (ADSC)
should be formed to define data acquisition strategy. The ADSC should
comprise principally scientists and data users.

(3) In order to make most efficient use of existing U.S. experience in
establishing and maintaining land remote sensing satellite data bases,
the NSLRSDA should be established at the EROS Data Center, in Sioux
Falls, South Dakota, home of the current Landsat and other
space-derived image data bases. Added processing and storage
.facilities should be provided at that location to permit the needs of
the NSLRSDA to be met. ‘

(4) The NSLRSDA should maintain catalogs of other data bases, in this
country and abroad; however, it should limit its own scene holdings to
the Basic Data Set as defined by the ADSC's data acquisition
decisions.

(5) The primary storage medium of the NSLRSDA must be in machine-readable
digital form. There must also be stored with the data sufficient
ancillary information (documentation of processing performed,
calibration testing, evaluation studies, and other significant
quantitative descriptions) to permit users to make the best
quantitative uses of the data.
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(6)

(7)

(8)

Storage in machine—readable form can and should begin at once in the
NSLRSDA, recognizing that data copying to other storage media will be
inevitable to comply with National Archives' copying requirements. It
is expected that such copying will also be economically attractive as
storage costs per bit of machine-readable data continue to decline.

Delivery of data from the NSLRSDA should be provided in a few fixed
machine-readable and film product formats. The task of integrating
these archival data with other data bases, or of otherwise
reconfiguring data, will remain with the final users.

A computerized global reference system should be created in the near
future. It must permit the efficient generation of data acquisition
needs and priorities, by location and by sensor. Control of this
system and associated reference data base, and assignment of
priorities for entries in it, should be the responsibility of the
ADSC.

iv
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1.0 INTRODUCTION AND STATEMENT OF OBJECTIVES

Public Law 98-365, Section 602, states the following:

"(a) It is in the public interest for the United
States Government—-—

(1) to maintain an archive of land remote-
sensing data for historical, scientific, and
technical purposes, including long-term global
environmental monitoring;

(2) to control the content and scope of the
archive; and

(3) to assure the quality, integrity, and
continuity of the archive. ;

(b) The Secretary shall provide for long-term
storage, maintenance, and upgrading of a basic, global, land
remote—sensing data set (hereinafter referred to as the
'basic data set') and shall follow reasonable archival
practices to assure proper storage and preservation of the
basic data set and timely access for parties requesting
data. The basic data set which the Secretary assembles in
the Government archive shall remain distinct from any
inventory of data which a system operator may maintain for
sales and for other purposes."

The law leaves to be separately determined which satellite remote sensing
systems will contribute to the "basic data set" for archival maintenance;
it also leaves for future definition the method of acquisition for such a

data set, and the methods to be used to store or access data, within the

guidelines established by law.

This report describes work performed by Earth Satellite Corporation,
under contract to NOAA, to recommend for the National Satellite Land Remote
Sensing Data Archive (NSLRSDA) (1) data needs, (2) a possible logic for
construction of a Basic Data Set, (3) potential and preferred sources of
data, (4) suggested archival methods, and (5) possible initial archival

acquisitions. Since the archive is explicitly stated to apply to long-term




environmental monitoring, the current contract is perceived as part of an
ongoing effort by NOAA, which will in the future take account of advances

in storage technology and the availability of new satellite data sources.

The objectives of the present contract were as follows:

(1) By direct contact with potential users of archival data, to
establish a profile of archival data requirements for land
satellite data, recognizing that this can be no more than an
initial estimate of needs.

(2) To review spaceborne systems and sensors which are
candidates to contribute to the data archive; past, present
and future space imaging systems are all to be considered.

(3) To provide a logical hierarchy of data sources, in terms of
their relevance to a national satellite land remote sensing
data archive, and in terms of data availability, data cost,
and perceived assessment by users of the value of each data
source.

(4) To examine current data bases of land remotely sensed data,
including data types, data volumes, data formats and data
storage methods.

(5) To examine present and projected performance of large volume
storage devices appropriate to the archiving of remotely
sensed satellite data.

(6) To examine facility requirements for such an archive, and
review capabilities of existing candidate facilities for
maintenance of the national satellite land remote sensing
data archive at its designated location.

(7) To identify problem areas in today's collection or storage
procedures, and suggest action items to be undertaken by
NOAA prior to final establishment of the land satellite data
archive.

(8) To make recommendations to NOAA on data types to be included
in the national archive, on the relationship of this archive
to other data sources, on facility requirements for the
national archive, and on the definition of the initial Basic
Data Set that the archive should contain.




A summary of objectives, conclusions, and recommendations is given in the
separate volume of the Executive Summary. Subsidiary supporting
information is provided in the form of separately bound appendices to this

report.




2.0 BACKGROUND AND GENERAL DISCUSSION

2.1 History of the U.S. Land Remote Sensing Program

The land satellite remote sensing program of the United States
began in 1965 as NASA's Earth Resources Survey Program. It led in July
of 1972 to the launch of the first Earth Resources Technology Satellite,

ERTS-1 (renamed Landsat-1 in 1975).

Although significant potential benefits were identified early for
the Earth Resources Survey Program, it was conceived of, and operated as,
an experimental and scientific activity. Thus, for example, no archival
procedures following National Archives' requirements for historical data
were made; nor was there funding either for the processing to computer
compatible tape of all data or for the long-term storage of all received

data.

In spite of its experimental status, the Landsat program proved to
be highly successful and visible. Other nations installed ground
receiving stations for the reception of Landsat data, disciplinary
scientists began to use derived iﬁformation regularly, industrial groups
employed Landsat data in survey and exploration programs, and numerous

state and local government groups found a place for satellite data in

on-going operations.

In fact, despite its experimental status, the Landsat program was
increasingly used as though it were an operational program, with

assured data continuity and availability.




In 1980, recognizing the difference between Landsat's original
status as an experimeptal program and the data's day-to—day uses, the
U.S. Government moved to change the nature of the program; first, to move
it to operational status; and second, to perform the transition of the
Landsat program to private operation. As originally defined (in
Presidential Directive-54, October 1980), the program would be operated
within the Commerce Department until 1988, when the transition from
public to private ownership and operation would begin. There was still
no explicit statement.of the fact that Landsat data would be of permanent
national value, and there were no funds for systematic archive
development, complete conversion of old data t; computer—compatible tape

(CCT) form, or periodic inspection and maintenance of stored data.

In 1983, the U.S. Government made the decision to speed up the
transfer of the Landsat program from government to industry. Instead of
waiting for 1988, in the Fall of 1983 the U.S. Commerce Department issued
a Request for Proposal inviting industrial groups to bid on the takeover
of the Landsat system. The Land Remote Sensing Commercialization Act
(Public Law 98-365, July 17, 1984) specifically called for the provision
of a two—satellite system and'for the.continued operatioﬁ of Landsat 4
and 5, already in orbit. Although the Request for Proposal did not
specify permanent data archiving responsibility for the successful
bidder, the Commercialization Act did call explicitly for the definition
of a Basic Data Set and the creation of a National Satellite Land Remote
Sensing Data Archive to house such a data set. The archive was conceived
as a government responsibility, with the industrial owner—operator of the

system providing data to the archive, but not maintaining it. The




archive would not be restricted to Landsat data alone, but would include
as necessary other data sources required for scientific, long—term,

global monitoring.

Seven bidders responded to the initial Request for Proposal.
Following preliminary evaluation, three bidders were invited to make oral
presentations. Following these, two bidders were left. Upon a reduction
of proposed government funding for the program, the Eastman Keodak
consortium dropped out of the bidding, and a contract was sigmed on
September: 27, 1985 with the remaining group, the Earth Observation
Satellite Company (EOSAT, a joint venture of Hughes and RCA). EOSAT took
over operations of Landsat 4 and 5 in October 1985, and began

construction of Landsat 6 and 7.

Since EOSAT lacks data processing, storage and reproduction
facilities, customers of Landsat data continue to be served by the U.S.
Geological Survey's EROS Data Center in Sioux Falls, South Dakota, who

complete the data orders received by EOSAT.

2.2 Data for the National Satellite Land Remote Sensing Data
Archive

To provide a clear set of definitions when discussing creation

of the NSLRSDA, the following terminology is adopted in this report:

(a) Data bases consist of any collection of satellite remotely
sensed image data, in machine-readable or other form, useful
in land applications. These data bases may be stored in this

country or abroad, in a variety of formats. Such data bases




are candidates to provide data for the NSLRSDA, but do not
form part of it. Their contents are not subjéct to the
legal requirements for data sampling and copying established
by the National Archives for permanently valuable data (see

Section 2.3 and Section 6.0).

(b) The Basic Data Set will consist of & defined set of past or

future satellite image data, designed to accomplish the stated
objectives of the public law as deéined in Section 1.0.
Existing data defined as part of tye Basic Daég Set will
become part of thg NSLRSDA upon physical transfer to national
archive storage. This transfer should be done as soon as
possible after formal initiation of a national archive of land
satellite remotely sensed data. Future Basic Data Set

acquisitions enter the NSLRSDA following processing, review,

and physical transfer to the archive.

Although the EROS Data Center holds far more Landsat data than any
other repository, EDC does not have all data acquired by Landsat.
Landsat 1, 2 and 3 carried equipment that permitted both on-board tape
recording of images and direct image transmission to ground receiving
stations. Landsat 4 and 5 carried equipment that permitted images to be
transmitted via the Tracking and Data Relay Satellite System (TDRSS), or
directly to ground receiving statioms. Landsat 4 was launched in July
1982, and Landsat 5 in March 1984. The first TDRS was launched in April

1983. The second TDRS was on board the Space Shuttle, Challenger,




destroyed in January 1986. Therefore, there has been transmission to the
United States through TDRS of only the western hemisphere (TDRS-1 is

stationed at 41 degrees West).

Many data from Landsat 1, 2 and 3 were received only by foreign
ground receiving stations, and the unavailability of TDRS has made this
even more relevant for data from Landsat 4 and 5. Thus there exists
today no complete repository of Landsat data, here or abroad; there are
instead partial data bases in numerous locations. This applies not only
to old data, collected 10 or more years ago, ﬁut to datia being collected
today. The Landsat scene collection statistics for 1986 demonstrate the

need to consider foreign data bases as potential sources for NSLRSDA

(Table 1).
Table 1. Scenes collected by Landsat 4 & 5, 1986
(Source: EOSAT, personal communication, 1986)
Rest of World
U.S. Reception Reception
MSS Data 158,000 scenes ‘942,000 scenes
TM Data : 118,000 écenes v 263,000 scenes

In addition to Landsat, there are other significamt sources of
satellite land remotely sensed data. These must also be candidates for
the Basic Data Set, both as important data sources in their own right,
and as alternatives to Landsat where the latter source is unavailable.
SPOT and AVHRR data, plus others on systems recently launched (e.g., the
Japanese MOS) or soon to be launched, may also contribute to the required

Basic Data Set, and therefore be part of the NSLRSDA.




2.3 Project Assumptions and Constraints

The present project was undertaken, beginning in October 1986,
with the expectation that the predominant contributor to the NSLRSDA |
would be Landsat data, past, present and future, as implied in Puﬁlic Law
98-365. Other data sources were originally perceived as supplementary.
During performance of the contract, the status of the Landsat program
changed radically. At this writing, there is no funding to build Landsat
6 or Landsat 7. Unless new negotiations are éuccessfully concluded
between EOSAT and the U.S. Government, there will be no near—term
successor to Landsat 5. If negotiations are ;uccessfully completed, and
construction begins again on‘Landsat 6 and 7, the data gap in provision
of Landsat data will be at least two years and more likely 3 or 4 years.
Therefore, in performing this project, it has been necessary during the
last 3 months to rethink the whole question of data sources for the
NSLRSDA. Since the imaging systems of alternative sources differ
substantially from Landsat, data calibration for comparison of old and

new data also takes on an increased importance.

During the course of this project, a communication>from the National
Archives to NOAA (Appendix 1) also clarified the position of the NSLRSDA
vis—a-vis general National Archives' policy. All machine-readable data
selected for the Basic Data Set and transferred to the NSLRSDA will be
subject to the National Archives' sampling and copying requirements.
These requirements are themselves based upon certain experience and
assumptions concerning the_reliable lifetime of machine-readable storage
media. These assumptions and lifetimes are reviewed in Section 6.0. It

should be noted that some of the existing Landsat repositories in

e




machine-readable form, at Goddard Space Flight Center and elsewhere, are
already approaching the suggested National Archives' limit of such
lifetimes, for the earliest data they contain (1972). Thus the early
definition and transfer to the NSLRSDA of the clder portions of the Basic
Data Set from all sources, domestic and foreign, take on special

urgency.

Although the definition and creation of a long-term global archive
appears at first sight to be a well defined and stable problem, this is
not the case. The uncertainties in future satellite collection systems
on the one hand, and costs and procedures for storage on the other hand,
impose constraints on the possible contents of the archives. Acquisition
procedures must be reviewed regularly through the lifetime of the
NSLRSDA, storage technology must be monitored, the availability of data
reading devices must be assured, and the rationale for basic data set
collection must be regularly scrutinized. This archival definition must
be viewed as an on-going, dynamic process. The way in which these

considerations were taken into account during performance of the project

1

is contained within Section 9.0.
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3.0 METHODOLOGY

Since the 1930's, many hundreds of organizations and individuals
have been engaged in the use and evaluation of remotely sensed data.
Although in recent years some have employed mainly aircraft data and
others satellite data, it is fair to say that almost all the emphasis has
been placed on near-term applications and scientific analyses. Many
workers have not thought in terms of the value or uses of data many years

old, nor have they thought in terms of archival data needs.

.

At the same time, many groups have been concerned with the creation
and maintenance of permanent data repositories. However, few if any of
those groups have considered the problem of archiving remotely sensed
data for long-term historical and scientific purposes; nor have many
groups given extensive thought to the long-term archival needs of

machine-readable remotely sensed data.

Although there exists much experience in both remote sensing and
data archiving, there has been little overlap of these two fields. The
key methodological problem of archive definition is to bring together the
knowledge of these two distinct disciplines, and use the results to guide

the development of the NSLRSDA.

At first sight, two optional courses present themselves: One can
seek to bring an archival perspective to the remote sensing community; or
one can seek to make specialists in data archives knowledgeable about
remote sensing programs. Some combination of these two methods appears
preferable to either alone. The methodological procedure employed on

this project was as follows:

1 =




(1) Through literature review and general surveys, candidate data
collection systems were identified and evaluated for the period 1987
to 2005 (see Section 4.0) and existing data bases were reviewed (see

Section 5.0).

(2) An overview of storage technology was performed, again using
literature reviews and survey methods. Meetings were also held with
archiving specialists to determine applicable technological and

legal constraints (see Section 6.0).

(3) Using this information, a telephone survey was conducted of
satellite remote sensing data users. This was done employing a
questionnaire specifically designed to focus respondents' thinking
on archival data uses, as opposed to current data uses. It was
recognized from the outset that a survey of this type, asking
respondents to think of satellite data in a way that was unfamiliar
to many of them, was not likely to produce the deepest

considerations. Respondents éere thef;fore urged to provide

subsequent conclusions or suggestions as they occurred to them (see

Section 7.0).

(4) With this information available on data collection systems And
suggested archival data uses, a public meeting was held.
Participants at this meeting included representatives from both the
satellite remote sensing and data archiving communities. The public

meeting served to review survey results, and then to provide a
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(5)

second iteration of the issues by a group including individuals
oriented to the traditional problems of archiving (see Section

8.0).

The results of the literature surveys, telephone surveys and public
meeting were used to define the strategy appropriate to selecting
the initial Basic Data Set, and to develop recommendations for
continued data acquisition and Basic Data Set addition. A
methodology permitting a flexible approach.to different competing

data requirements was developed, and is presented in Section 9.0,

together with the Basic Data Set.
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4.0 SENSORS AND DATA SOURCES

4,1 Introduction and Task Description

A study of potential data sources for the NSLRSDA was undertaken

.

with the following objectives:

<] To review spaceborne systems and sensors which are

candidates to contribute a permanent data archive; past,
present and future space imaging systems were all to be
considered.

o To provide a logical hierarchy of data sources, in terms

of their relevance to a permanent data archive, and in
terms of data availability, data cost, and perceived
assessment by users of the value of each data source.

In order to address these objectives, all spaceborne systems that
might provide historical data to the archive were reviewed, evaluated and
ranked. For sensors not yet flown, this review and evaluation was
necessarily speculative and often limited, based on incomplete information.
The process started with the review of sensor characteristic information,
data format, and volume information on imaging sensors, as well as
information on the satellites on which each is, was, or will be flown (see
Appendix 2 for a rather complete listing of spaceborne imaging sensors).

\ i
The sensor list of over 200 sources was narrowed to 65, based on criteria
described below, to limit the evaluation only to those sources that might
provide data to the archive. The evaluation process was designed and
carried out with the purpose of selecting those sensors that are reasonable

candidates for contributing land remote sensing data to the archive's Basic

Data Set.
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Review and evaluation of potential data sources in late 1986, and the
subsequent discussions at the February 3, 1987 public meeting, identified
three other issues relevant to various data sources and their possible

contribution to the NSLRSDA.

(a) The Land Remote Sensing Commercialization Act of 1984,
while not explicitly stating the fact, indicates thét the
Landsat system will be the initial and primary data source
for the archive. As of early 1987, this system's future
is in doubt. The archive therefore should have
contingencies for pursuing its chart;r without the benefit
of post Landsat-5 data. If the system's future becomes
more certain, then a review and consideration of past,
present and particularly future sensors should be made in
terms of their compatibility with Landsat spatial and

spectral resolution.

(b) An interrelated issue to the Landsat system as a basic
data source is the role of foreign owned and/or operated
systems. The Land kemote Sénsing Commercializétion Act of
1984, which mandates the legal authority to the archive,
specifically discusses the inclusion of "...data collected
by foreign ground stations or by foreign remote-sensing

space systems...."
(¢) Any agreement entered into by the NSLRSA, whether with a

U.S. or foreign system operator, will serve as a precedent

for future agreements. If a fully commercial space remote
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sensing industry evolves, beyond Landsat 6 and 7 and SPOT
1 and 2%, then the NSLRSDA will become simply a customer
to that industry, albeit a particularly influential one.
Such a scenario should be considered in the Basic Data Set
acquisition strategy.

Foreign sensor data (which must include both the information collected
by instruments owned and operated by the countries, and data bases from
U.S. sensors maintained outside the United States and not duplicated in
domestic data bases) must be evaluated as to fheir potential contribution
to the archive. The evaluation should include and be sensitive to:

o The prospects of data continuity with policy changes
in foreign national governments;
o The prospects of continued data quality;

o The likelihood that the data will prove to have
scientific value over the long-term; and

o Guarantees of data availability.

Once any sensor data are acquired by the archive, it should be assumed that
the commitment is lorig-term (greater than 10 years). If not then the value
to the archive to pursue part of its charter, i.e., long—term environmental

monitoring, is questionable.

4,2 Review and Evaluation Task

First a review of past, present, and future land imaging sensors
was conducted, and an evaluation made of each data type for inclusion in

the archive. An information search was undertaken to compile a list of

*proposed sensor system
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sensors and their associated imaging characteristics, data descriptions,
and satellite system characteristics. A data sheet was developed for each

sensor (see Figure 4.1, an example sensor data sheet).

4,3 Review and Evaluation Criteria

More than 65 sensor systems were identified from an initial list
of roughly 200 candidates by applying the following ranking criteria
developed in October—December, 1986, and finalized after the February 3,

1987, public meeting. .

Is The sensor (present, proposed or past) must be imaging
from a position in space. This was an attempt to separate
aircraft sensors from consideration, keeping within the
guidelines of Section 101 of the Land Remote Sensing
Commercialization Act of 1984 ",..the continuous civilian
collection and utilization of land remote sensing data
from space..."

2, No solely militery sensors would be considered. Reference
again to Section 101 of the Land Remote Sensing
Commercialization Act of 1984 ",..the continuous civilian
collection...."

3. Soviet sensors will not be considered at this time.
Despite the bilateral agreement between the United States
and the Soviet Union on cooperation in space, little
information is available from the Soviet Union concerning
its space based land imaging systems, and US/USSR transfer
agreements have been restricted to weather data.

4, Each system selected should have a two kilometer or less
resolution field of view (RFOV). This was conceived as a
means of separating those sensors that are primarily land
remote sensing from those that are meteoroclogically
oriented. This separation does not suggest that an
integrated approach with both types of data is not useful
or desirable. The restriction was accepted only after
acknowledging the practical parameters of cost and size to
which the archive will have to adhere. In this regard the
NSLRSDA should strive to build institutional flexibility,
continually evaluating various sensors as a source for the
Basic Data Set.
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FIGURE 4.1

Example Sensor Data Sheet

SENSOR
SATELLITE SERIES
COUNTRY
ORGANIZATION
CONTRACTOR
LAUNCH DATE
TERMINAL DATE
PROPOSED OPERATIONAL LIFE
ORBITAL CHARACTERISTICS
o Synchronization
o Altitude
o Inclination
o Node
o Repeat Cycle
IMAGING CHARACTERISTICS
o Type
o No. of Channels/Frequencies
o Spectral Range/Freq. Range
o Resolution (RFOV)
o Swath Width
MISSION OBJECTIVES

COMMENTS
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4,4 Evaluation, Results, and Recommendations

A tri-level sensor hierarchy was applied in order to group the

sensors for priority selection as data contributors to the NSLRSDA:

Level I - Sensors with the ability to provide data to the
NSLRSDA by 1987. (Highest priority)

Level II - Sensors not yet operational (by 1987), but upon
operation likely to provide data of value to the
NSLRSDA .

Level III - Sensors that are questionable as to operational

date and/or design specifics. This level
includes those sensors that are wholly
conceptual. (Lowest priority) .

A fourth level was recognized but perceived as being outside the

conceptual framework, i.e., those data acquired or to be acquired
irregularly and with no operational acquisition strategy. Examples include
Mercury, Gemini and Apollo mission photography, Large Format Camera
photography, and many of those sensors that were launched for research and
development or with narrow mission objectives. How these types of sensor
data might fit into an acquisition strategy to fulfill the NSLRSDA's
mandate needs to be addressed. Selected data from experimental systems,

although irregularly acquired, are also of possible value to the NSLRSDA.

The tri-level hierarchy was developed in order to categorize the
potential land imaging sensors into subjective‘groups, based on their
predicted relative importance to the archive's Basic Data Set. Data
continuity and value to long-term global environmental monitoring were
overriding considerations in selecting sensors for inclusion in the

tri-level hierarchy.
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The results of the sensor evaluation are contained in the following

table for Levels I, II and III:

Level I

Level II

Level III

Landsat Return Beam Vidicon (RBV) Camera

Landsat Multispectral Scanner (MSS)

Landsat Thematic Mapper (TM)

SPOT High Resolution Visible (HRV)

Advanced Very High Resolution Radiometer
(AVHRR) '

MOS Multispectral Electronic Self Scanning
Radiometer (MESSR)

Coastal Zone Color Scanner (CZCS)

Heat Capacity Mapping Radiometer (HCMR)

Seasat

Enhanced Thematic Mapper (ETM)

AEROS—A 4-Band Linear Array

Space Shuttle Imaging Spectrometer Experiment
(SISEX)

Radarsat Synthetic Aperture Radar (R—SAR)

J-ERS Synthetic Aperture Radar (SAR)

J-ERS Visible Near Infrared Radiometer

Landsat—-7 Multispectral Linear Array

Radarsat R—AVHRR

Radarsat R-MOMS

STS-7, STS-11, SPAS-01 Modular Opto—Electronic
Multispectral Scanner (MOMS)

A-EOS Large Microwave Radiometer (LMR)

A-EOS Synthetic Aperture Radar (SAR)

A-EOS Multispectral Linear Array

A-EOS Mid Infrared Imager (MIRI)

China Land Satellite

Geosynchronous Orbit High Resolution Earth
Monitoring

Spacelab ‘

ESA Optical Imaging Instrument

EOS Moderate Resolution Imaging Spectrometer

FRG/India Multispectral Electro/Optical Stereo
Scanner

EOS High Resolution Imaging Spectrometer

Chinasat

BRESSEX

BHASKARA-1

BHASKARA-2

Advanced ESA

IRS (Indian) Linear Imaging Self Scan Sensor-l
(LISS I)

IRS (Indian) Linear Imaging Self Scan Sensor—2
(LISS II)

Space Shuttle Thermal Infrared Multispectral
Scanner (STIMS) '

Tropical Earth Resources Satellite Sensor
(TERS)
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These categories provide the logical basis for ranking sensors as data
sources for Basic Data Set acquisitions. Data sheets on each sensor in

Levels I, II and III are given in Appendix 3.
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5.0 EXISTING RELEVANT DATA BASES

5.1 Discussion of Data Bases

Collection of land remotely sensed satellite data has been
pursued for many years, long before the decision was made to establish the
NSLRSDA. A substantial number of land satellite remotely sensed data bases

exist, each of them a potential contributor to this permanent archive.

An assessment of the nature, formats, volumes and condition of these
data bases was necessary in this project, to establish to what extent, if
any, these previously collected data should become part of the Basic Data

Set of the NSLRSDA.

The review concentrated on data available from sensors included in
Level I of Section 4.3 (except MOS, data from which are not yet available).

These consist of:

o Landsat RBV, MSS and TM;
o AVHRR; and

o SPOT HRV

In addition, non-recurring photographic and multispectral data
currently stored at the EROS Data Center, while not primary candidates for
the Basic Data Set, were reviewed because they are valuable historic data,

unavailable from any other imaging source.
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The rapid increase of data volumes with increased spatial and spectral
resolution is revealed in this review of current data volumes. Noting the
trend toward increased resolution, the NSLRSDA must be prepared to
accommodate future sensor data having large volumes (see Section 6.0 for a

discussion of appropriate large volume storage devices).

5.2 Non—-Recurring Photographic, Radar and Multispectral Data

Photographs of the earth were acquired during the early U.S.
manned satellite programs. The Gemini missioﬁs which orbited the earth in
1965 and 1966 provided hand-held, 70mm camera normal colo; photography
obtained through spacecraft windows. The later Apollo earth—orbiting test
missions provided the first multispectral photographs, whose use in arid
and forest terrain interpretation helped demonstrate the value of

multispectral satellite images.

Skylab, which orbited in 1973 and 1974 providing coverage between 50
degrees North and 50 degrees South, was the first manned mission
emphasizing systematic Earth observation. Skylab carried the Earth
Resources Experiment Package (EREP)..consisting of a mu}tispectral camera
(S-190A Experiment), the Ear£h Terrain Camera (S-190B Experiment), and the

S-192 13-channel scanner.

The Space Shuttle has also flown several remote sensing systems.
Among these are the Shuttle Imaging Radar (SIR-A and B) Experiments and the
Modular Optoelectronic Multispectral Scanner (MOMS) . Photography has also
been acquired by hand-held 70mm and 140mm cameras, and by the Large Format

Camera.
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Some of these photographic, radar, and multispectral data from Gemini,
Apollo, Skylab and Shuttle missions are currently held at the EROS Data
Center; other major repositories are at NASA and the European Space Agency.
The extent of the EDC holdings is summarizéd in Table 5.1, and catalogs
'showing locations, cloud cover, etc., are maintained at EDC. Data from
Seasat are held primarily in NOAA's archives.

Table 5.1: Summary of EDC Early Photographic and Multispectral

Data Holdings from Manned Missions
(Source: EROS Data Center)

PLATFORM DIGITAL SCENES FILM ROLLS/FRAMES INDEXING SCHEME

Skylab II, III, IV 1,800 634/44,845 38,765 SCENES IN MIF

: 36 MICROFICHE INDEXES
31 ROLLS OF BROWSE
MICROFILM -

Apollo/Gemini == 127/18,362 478 SCENES IN THE MIF
’ REMAINING COVERAGE IN
HARDCOPY CATALOGS AND

ON 7 ROLLS OF MICROFILM

Shuttle — 381/41,025 IBM/PC DATA BASE
29 ROLLS OF BROWSE
MICROFILM

TOTAL 1,800 1 1,142/104,232

5.3 Landsat Data

The Landsat data base, the U.S. holdings of which are primarily
maintained at the EROS Data Center, is continually expanding.
International in scope and diverse in &ata type, this large data base
contains a variety of data formats. In order to comprehend these formats,

ground processing systems are next discussed.
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5.3.1 Ground Processing Systems
Four U.S. ground processing systems have been used to
process Landsat data into forms suitable for archiving and image

product generation.

Landsat 1-3 RBV and MSS data were originally processed through
NASA's Data Processing Facility (NDPF), the original ground system,

and output mainly onto 70mm black and white film masters.

3

-

Approximately 6,000 of these early MSS scenes were also converted
to Computer-Compatible Tape (CCT) form at user request, and stored at
EDC. In 1979, when NASA implemented the next generation ground
system, NASA alsc decided to continue generating CCT's for selected
1972-1979 data as a data preservation measure, because of difficulties
encountered in converting wide-band video tapes to CCT's as these
tapes and the original processing system aged. Approximately 45,000
1972-1979 scenes were systematically selected by EDC as worthy of
historical preservation and conversion to CCT formats. Thirty-two
thousand of these scenes had been converted by NASA as of March,

1987.

The second ground processing system, .the Image Processing
Facility (IPF) at the Goddard Space Flight Center (GSFC) and the EDC
Digital Image Processing System (EDIPS) began operation on February 1,
1979. Landsat MSS data conversion through this system began in
February and Landsat-3 RBV data conversion began in September 1980.
High-Density Tapes (HDT) created through the IPF were transmitted to

EDC, where EDIPS CCT generation and film processing were performed.
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The third and fourth ground systems, the MSS Image Processing
System (MIPS) and the TM Image Processing System (TIPS) began
operation in July, 1982 with the launch of Landsat-4, as part of the
Mission Management Facility (MMF), the current processing system at
GSFC. Through this system, MSS HDT data are transmitted via DOMSAT to _
EDC where EDIPS CCT generation and film processing are performed. TM
data are generated at GSFC on black-and-white 241lmm film and shipped
to EDC in rolls for archiving and product generation; TM CCT's are
created at GSFC and shipped to EDC for copying and storage only upon

user request.

Table 5.2 summarizes the March 1986 format of the data processed
through these four systems. In addition to these U.S. systems, each
foreign ground receiving station has its own processing system, data
storage method, and CCT format. Like the U.S. systems, the foreign

processing systems have changed over the years.

5.3.2 EDC Data Holdings

The EROS Data Center, as the current and primary U.S.
_Landsat data base, holds almost 800,000 digital scenes as of March

1987, and the number is continually increasing.

Table 5.3 shows the quantity of RBV, MSS, and TM holdings broken
down in terms of spacecraft, digital scenes and frames. The total
number of scenes broken down by spacecraft and data type is summarized

in Table 5.4.
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Table 5.2:

Satellite

Landsat

Landsat

Landsat
Landsat

Landsat
Landsat
Landsat
Landsat
Landsat

Landsat
Landsat

1

w N

MR WWW

v

Archive Medium by Satellite, Date and Sensor

(Source: Landsat Data User Notes Notes (NOAA)
Issue No. 35, March 1986)

Date Sensor Medium and Location
Jul 72-Jan 78 MSS 70-mm Film with Selected
X-format CCT's at EDC
RBV 70-mm Film at EDC
Jan 75-Dec 78 MSS 70-mm Film with Selected
X-format CCT's at EDC
RBV 70-mm Film at EDC
Jan 79-Jul 83 MSS HDT-P or A at EDC*
Mar 78-Dec 78 MSS .70-mm Film with Selected
: X-format CCT's at EDC
Mar 78-Aug 80 RBV 70-mm Film-at EDC
Jan 79-Sep<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>