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PREFACE

1

In November 1973, the National Aeronautics and Space Administration(NASA) asked the National Academy of Engineering* to conduc a summer studyof future applications of space systems, with particula mphasis on practical
approaches, taking into consider.. ' enefits. NASA asked thatthe study.also consider how these applications would influence or be influencedby the Space Shuttle System, the principAl space transportation system of the1980's. In Qecember 1973, the Academy agreed to perform the st and assigned'the task to the-Space-Applications Bo rd (SAB).

In the summers of 1967 and 1968, y of Sciences hadconvened a group of eminent cientists and engineers to determine what researcand development was necessary to permit the exploitation of useful applications.of earth-oriented satellites. The SAB concluded that since the NAS study,
bperational weather and communicationssatellites and the successful firstyear °Luse of the experimental Earth kesources Technology.Satellite had demon-strated conclusively atechnological capability that could form a foundation

' fqr expanding the useful applications of'space-diFIVed information and services,and that it was now necessary to obtain, from a broad cross-section ofpotential
users, new ideas and peeds that might guide the development of future spacesystems for practical'applications.

After discussiOns with NASA and othey interested federal agencies, it,/was agreed that a major aim of. the "summer study" should be to involve, and,-.
to attempt to underStand the needs of, resource nagefs and other deci..siOn-
makers who had as yet `only considered space systems a erimentai rather
than as. useful elements of major day-to-day operational information and servicesystems. Under-the general direction of the SAB, then, a representative groupof users and potential users.conducted

an intensive two4e k study to define
use naedvthat might be met by information or services erived from earth-orbiting satellites. this wo k was done in July 19 at Snowmass, Colorado.

For the study, nixie user- Tented pane were formed, comprised of present
or potential public and private users, including businessmen, state and local
government officials, resource managers, and other decision-makers. A number

*Effective July l,1974, the lOtionaI Academy of Sciences and the National
Academy of Engineering reorganized the National Research Council into eight
assemblies and commissions. All National Academy of Engineering program units, '

including the SAB, became the Assembly of Engineering:



of scientists and
as expert consultan
progress in space
needs potentialiy
special4ts drawn
and indus,try.were

tecfinslogists'also participated, functioning essentially

ts. The assignment made to the panels included reviewing
applications since the'NAS study of 1968* and defining user
capable of being met by space-systeni applications. User

from federal, state-and local governments and from business
paneled in the following fields:

1: Weather and Climate
2: Uses'of Communications.
3: Land Use PAnning
4: AgricultuA, Forest, and Range
5: Inland Water Resources
61 Extractable Resources
7: Environmental Quality
8: Marine and Maritime Uses
9: Materials Processing in Space

Panel
Panel

.400enel

Panel
Panel

PSnel

Panel
Panel

Panel

In addition, the stuIy the socioecogomic benefits, the influence of tech-
nol y, and the interface with space tranqbatatkon systems, the following
anels (termed interactive panels) were convened:

Panel 10: Inzitutional Arrangements_
Panel 11: Costs and Benefits

Panel 12: Space Transportation
Panel 13: Information Services and Information Processing
Panel 14: Technology

As a basis for their deliberations, the latter gioups used needs expressed

by the user panels. A substantial amount of interaction with the user pane's
%as designed into the study pram and was found to be both desirable and neces-

sary.

The major part of_the study was accomplished.by the panels. The function-

of the SAB was to review the work of the panels, to evaluate their findings

and to derive frbin their work an integrated set of major conclusions and recom-

mendations. The Board's findings, which include certain significant recommen-
dations from the panel reports.ai well as more general ones arrived at by
considering the,work of the study as a whole, are Contained in a report prey
9ared by the Board.**

.

It should'be emph4sized that the study was not designed to make detailed

assessments of all of the factors which. should be considered in establishing

priorities. in sore cases, for example, options other than space systems for
accomplishing the same objectives may need to be assessed; requirements for

*National Research Council. Useful Applications of Earth-Oriented Satellites,

Report .of the Central Review Committee. National Academy of Sciences,

Washington, D.C., 1969.
**Space Applications Board, National Research Council. Practical Applications

of Space Systems. National Academy of Sciences, Washington, D.C., 1975.

iv
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institutional or organizational support may need to be appraised;'multiple
uses of systems may heed to be evaluaxed to achieve 'the most efficient and
economic returns. In some cases, analyses of costs and benefits will be .

needed. In this connection, specific cost-benefit studies were not conducted
,

as a part of the two-week study. Recommadations for certain such analyses,
howevei, appear in the Board's report, together.wi.th recommendations designed
to provide an improved b4,sis upon which to make cost - benefit assessments.

In sum, the study Oas designed to provide an opportunity for knowledgeable
and.experienced users, expert-in their fields, to express their needs for
information or services which might (or might not) be met by space systems,
and to relate the present and potential capabilities of space systems to
their needs. The study Aid not attempt to examine in detail the scientific,
techniCal, or economic bases for the needs expressed by the users.

The SAB was impressed by the quality of the panels' work and.has asked
that their reports be made available as supporting documents for the Board's.
report. While the Board is in-general atcord with the panerreportsr-it
does not necessarily endorse them in every detail.

The conclusions and recommendations of this panelsreport should be con-,

sidered withfn.the context of the report prepared by thq Space Applications
Board.. .Th-e:'Views presented in the panel report represent the general consensus
of he panel. Some inliviclual members of the panel may riot agree with every
conclusion or recommendation contained in the report..

V
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-,
INTRODUCTION

.1

The Panelon Information Services and Information Processing took as its
domainof concernthe applications of space systems to land use planning,
agriculture resources,A.hland water resources, extractable resources, environ-
mental quality) and marine-resources. The area of materials processing in space
dpes not, at this time, appear to require a large dataprocessing system, so
relatively little attention has been deiroted'to this topic: Any comments regard-
ing-data processing that are televant and important to the subject are found in.
the Report of the Panel on Materials Processing. in Space.* Applications. to
weather aud' climate do entail a large integrated information and data processing
system, However, requirements for applications in this field ate sufficiently
unique, the user community is sufficiently cohesive,and sophisticated,. and appli-
cations have progressed sufficiently far with an evolving operational system that
the Panel on Information Services and Information'Processing judged it, appropriate
for substantially less attention to be devoted to this area than to the others
listed,. Comments on.this subject are included in the report of the Panel, on
Weather and Climate.** -

An earth observation system for the remaining areas listed is inherently.a
system for acquiring and manipulating data, extracting information from the data,

-and using the information as a basis fdr decisions related to management of
.earth resources and en20,ronment. Data and information and their manipuslation. .

are central and all-pervative factors in 'such management so that the.legitimate
scope of the Panel overlaps and supports the scope of each user panel:

_

40

P

1-

_ *Penn. on Materials Processing in Space. Practical Applications of Space
. 'Systems; Supporting Paper 9: Materials Processing in'Space. Report to

the Space Applications Board: NationalResearch Council. National Academy
of Sciences,""Washisngton, D.C., 1975.

"Panel on Weather and Climate. Practical Applications of'Space Systems;
Supporting Paper 1: Weather and Climate. Report to the 4ace Applications
Board, National Research Council. National Academy of Sciences, Washington,
D.C., 1975. P,
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The 1967-68 summer study recommended the implementation and operation of an
experimental data acquisition space system to conduct investigations aimed at
determining the capability to.produce data-and informationPfor use, a wide
variety of applications related to earth resources and environment. It_Was
recommended that a program use a.satellite like the first Earth Resources
Technology Satellite (ERTS-1) tith.a firstLgeneration datA system including trans-
mitting and receiiiing4equipmetre. The s'ystem7recommended consisted largely but
not exclusively of such facilities for fortattingzand diiiebinating photographic
data as now exist at Idard Space Flight Center (GSFC) and at the Earth Resources
Observation Sygem (ER ) laolia,pent-er at Sioux Falls, South Dakota. A. supporting
aircraft progrankNas reci4anded for the acquisition of related dafa. It was
recommended in ppiCh less detail thgt studies Of a sedond-generationseMi-
automated data t.151.etiVe wed out -The actiom ca Sod in Oie_1967--68,

-.-reCommendations have been carried.outty,RAS.k, by--asaoc.iAteegovOnmentltesncies,
.ana bir numerous inVatigatOs from both public and private sectors.

Thb-,-experience gained in the op4ratiai of these: systems, the results and ir
conclusions from more than 300 exp erimental investigations, the results of
studies concerning second-generation data. systems; and rapid advances in data
and information technologies create a climate, Opportunity,,and need for updating
and extending these sarlier.recommendations to guide the program in the coming
years. Furthermore, since.the results of these 300 investigations have shown
that data of significance-to 'user applications can be acquired, it is now ippro- 4
priate t6devote'sUbstantial research and design to systems for data and infor-
mation utilization. Primary space, aircraft, and data collection system (DCS)
deta'must be merged -with those from other space systems, such as meteorological
satellites, and with relevant data from tither `sources.

4

PROGRESS SINCE 1967-68 SUMMER STUDY

-TADEQUACY OF PRIOR RECOMMENDATIONS'
FOR PRESENT AND FUTURE NEEDS

A '7

11
RESPONSE TO PRIOR RECOMMENDATIONS

The years since the 196148 study, as ERTS:1 and Skylab have come into
4.ok

operation, have been characterized by a growing awareness, interest, and involve-
ment in the experimental utilization of space data oy users within federal,

\ 3
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state, and local agencies in the United States, by foreign governments, and by
the privatescctor, including commercial organizations, universities, and

. individuals. Iniaddition, private Industries, nonprofit research organizations,
and university personnel have turned their attention increasingly to demelOping
techhiques-fror formatting, disseminating and interpreting such data. Althqugh
these activities are still finahced pridominantly by NASA, with some support.

,from other federal agencies, and will probabYy need to be so, supported for some
time. in the future, other public and private organizations and individuals are
beginning to formulate programs and have begun to apply some funning to these
activities. A small but growing commercial market for the data, information,
and related services has come,into being as potentihl users have becolne aware
of the availability and potential value of the products: Another consequKno.e of

this ixdLing awareness is that prospective and actual users are beginnineib
request data, information, and services tailored to their needs. f

. ACCOMPLISIDIENTS TO DATE IN SPACE APPLICATfONS

The most notable accomplishments to date in information services and proces-
sing have been the placing in operation of the.GSFC And EROS centers.for format-
ting, cataloging, storing, and disseminating data and the increasing utilization
of these.facilities bysa wide spectrum of users'. In addition, university, non-
profit, and commercial groups'have created or are beginning to create staffs ,

and facilities both touse the data in applications and to further th develop-

ment...of technologies. Furthermore, there is a growing availability o' commercial

equipment fd'f the makipfulation of this kind of data anctinformatiOn.' .

s In agriculture, crop identification capabilities have been demonStrated by
several ERTS-1 inustigatiOns. Most programs-.have worked with a small number

of clops and hayerdemonstrated incteased Clas-Aficationaccuracy .when data avail-

. able over diffiiient inkervalchre-Considered. -These first

steps in the deiTlopmpiTtf-crop iisetlotios and lorctasts and_in4lie_iletection
of crop stress, disease, and inset

In other areas; RTS -1 imagery aided by refined computer processing has

. successfully demons.trited its usefulness'in first -level inventorying of range
'arid, in generating Level I *land use maps at ascele of 1:250,000, in generating
photomosaics and plangletric maps at a scale of:1:1,000,000, and in,making map

revisions at various scales. The presence of-foliage in some seasons and its -
absence in others have been used to aid in soilmapping and in disczitinating

rock types. Some ERTS-1 images have demonstrated the detectability of lineaments

because of vegetative growth patterns. Still further benefitsand accomplish-
ments derived from the present earth observation system include mapping of
surface water bodies, as small as a few square kilometers, surveying of estuarine

*Level I is the gross4t scale in a Land use classification sy4tem proposed ftir
use with remotely-seNed information by the Department of the Interior. c.f. .

Anderson, James R., Has-dy, Bkrnest E., and Roach, John T.: A Lard -Use Classifica-
tion System Sor'Vse With Remote Sensor Data U.S. Geological Survey Circtlar 671
U.S. Department of.the Interior, 1972.

4
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and coastal features, monitoring of d)'namic water circulation patterns, mapping
of snow and ice areas, and mapping of snowline in mountainous terrain for runoff
estimation.

Commercially available .data processing and analysis equipment-(j) is capable
of simultaneous projeciion-ranging from multispectral images for false -color
renditions to complete interactive systems; (2) includes multi-color displays,
data, and computer-program access by remotc terminal; and (3) has software
developed for image, enhancement and automatqd data analysis. Numerous university
and private-industry groups have evolved to provide mission planning, data
'analysis, and data integration for users at all levels of government and commerce
both in the U.S. and internationally.

a
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CURRENT USER NEEDS AND POTENTIAL BENEFITS

DEFINITION OF CURRENT USER NEEDS

Adequate expression of user. meeds is extremely important in obtaining maxi-
mum' benefits Oom applications programs and optimum design for improvement of
space systems and institutions. Adequate definition of user needs is extremely
'difficult., liter needs are diverse both in types of data and information
required and in the degree to which refined or even interpreted rather than

. raw data are required. Furthermore, a user quite naturally will tend initially
to define his needs in a form he has customarily employed or with slight ,4).,

improvements and to conceive of using his existing system with little or no
modification. In principle, however, it is clear that in at least some instances
far greater improvements and benefits can.accrue if a user eMploys data products
signifitantly different from those'he has been accustomed to and makes
significant modifications to his existing system.to accommodate and use the
unaccustomed types of data products. User needs can be expressed very differ-
ently and there. will be strong influences on the sensors and on the data system
which can best serve4,user. Within the present program, the. structure for
system modification 'fan be improved. At present, NASA operates what properly
can be termed an experimental data-acquisition (not utilization) system in
which NASA responsibility terminates when system-correpted, formatted data are
Made available at GSFC and at the EROS center iniSioux Falls. -A user has the
responsibility to conceive apd develop data utiliz4tion within the overall
applications program. This compartmentalization,has oblious shortcomings. Now
that the capabilities of the GSFC and EROS data.Centers have been demonstrated,
user needs can and must be defined in far more detail than has been possible
heretofore. At this stage in the program, users need to formulate, experimental
programs for utilization of data at the same level of detail and completeness
at which NASA has formulated the program for data acquisition. In summary,
much more refined definition of user needs is required and new mechanisms must
be evolved to bring about essential interaction among the sensor, platform, data,
and user discipline communitiel. An important contribution to the solution
to this problem can be made by carrying out the type of complete pilot
operational applications experiments that are presently under consideratiori by
NASA and by some user agencies.

7
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POTENTIAL BENEFITS

Until now, it has been necessary td base benefits on presently available' -

types of data employed in current utilization systems. Benefits thus formulated
are substantial enough to make the program worthwhile. In some instances, how-
ever, substantially greater benefits may be derived from user applications when
a reciprocal optimization of system structure and data type is attained.

gi
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ACHIEVING POTENTIAL BENEFITS'

PRELIMINARY SYSTEMS ANALYSES

There is now in operation an' acquisition and dissemination system d zgned
to make space data available for. experimental purposes. Also, fully-ope ational
systems exist for conventional applications. It.is vitally important th t an
acquisition and dissemination system maintain continuity of available e eri-
mental data and that system capabilities be upgraded as successive gene tions
of experiments reveal needs and oppOrtnnities forlpodification and exte ion.
As suggested previously, it is necessary that...programs be shifted incre: ingly in
the direction-of pilot opvrationalt applications experiments to direct tention
more and more towards the data-utilizatio# part of the overall system.

If a complete operational system for acquisition.and utilize ion during
the 1980's is intended, ,the design shour4 be started immediately. Th design
will almost certainly be modified on tie basis of resultt of successi e genera-
tions of experiments. -However, the process of designing:an overall s Stem 'must
begin now in order to uncover what the spacecraft designers call int rface and
procedural problems.... These problets become apparent only when the c ricept
includes interactions among all components of the entire system. A first overall-
design stutiY is very likely to revealneeds for_previoutly unreco: zed research,
-development, and modification of user systems and procedures-.

Ihe time alsoeeems appropriate t4make detailed studies of several applies-

_

tions to determine -optimum ways of achieving objectives and fulfilling missions.-
- These studies can first describe, in ctional and information -flow terms, the
way a mission is performed at presented then study progressive changes which -

,may be permitted by the availability o existing or possible types of space dataand of data proceSSing.

Ihesystems analy§es just mention d should be supported by eaikb resource
signature studies to indicate w at dis riminationS are physically patible and
to refine requirements for sen or pdrf rmance. In addition, there are needs for
development of significant mo is sick as crop canopy; crop phenplogy, and

. .management decision. All of 'esetwii influence systems designs and lead to
refineddefinitions of user eds./

.
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PHASES BETWEEN RESEARCH AND DEVELOPMENT

AND OPERATIONAL SYSTEMS

Potential-b*enefits have been experimentally demonstrated within earth

observation progrars. It is now logical to proceed with pilot operational appli-

cations experiments to extend experiments with data utilizations Such experience

will be. needed to reach a decision on systems which can become operational during

the 1980's. Concurrently, research should proceed to improvecomp9nent technol-
ogies for data acquisition and utili- ion. The major activities which should

be carried oh are disCussed bel

. 1. Continuity ofOgilable spacecraft, aircraft, an CS data must be

maintained so that required experimentation, familiari- ion,. and training can be.

conducted. As the programs, progress, spacecrft, o ts, sensors, and other data

sources as well as means of data formatting, ca oging, storage, dissemination,

and -processing,should be upgraded in.wayi indicated by the results of the

experimentation.

2. A number of pilot operational applicationsexperiments should be
designed which encompass the activities of users in utilization of dam User

.objectives which are presently carried out with existing conventional mathods and
organization, such as crop inventory or yield prediction, should be selected.

Each experiment should be constructed by assembling a new team to work in

parallel'with the existing organization without disturbing their activities. The

, new team should accomplish the same (or compatable) objectives as the existing .

organization, using remote sensing data to complement or replace data gathereby

conventionaLmeacns and adjusting organizational structure aepropriate fo

accommodate the new techniques.'
These controlled exileriments will provide to the vs.drs an understanding

of how new methods relate td the old ones and how their organizations should be

codified to take advdhtage ofremotely sensed data. Out ofhis experimentation,
evaluation, and comparison will come the Information needed to design an opera-

4.-

tional.sstem.
.

To the greatest pissible degree, t operational applications .

experiments should address/the objective f more thah One traditional use

organizatiOn and thereby indicate th xtent to which dements of a ne. system

can serve more than one user.
Related to the design and implementation of_Ipe experiments is a strong

need to bring user plans and programs to the same statt4of maturity and comple-

qion as NASA-has b'rought plans and prograils for data acquisition. This entails

much more detailed and structured.definition of user needs and determination of

consequent effects on data acquisition and utilization. i

3. There is -a heed at. this timeto,proceed with A detailed Conceptual

design of a complete operational system for data acquisition and utilization

.carried all the way through to the attainment of some ustr objective. Prodeding

at this time with an initial detailed design is necessary, even though it will

almost certainly %Pe modified by results of subsequent experimental programs,

. Problems arise whenever attempts are made to integrate a laxgenumber.of diverse

technologies into a unified system. Appropriate research and development tasks

10

19



.

and programs must be initiated to provide solutions to suchproblems when they
are discovered within the preliminary design.,

4. In order that maximum advantage of \new sensing and data technologies
be realized, new and improved models of,various kinds must be developed for the
terrestrial environment. First, mode15are needed for detecting and discriminat-
ing among terrestrial features7" for example better signature data are needed ,/
concerning plants and soilsAhd must be related to observation models so fkat
sensors can be better specified and so that the degree of performance to be
expected can be escery4ined and used in evalueting actual perfolinance. Second,
since repetitive observations at different times are needed, models should show
how terrestrial features may change over'd period of time; foriexample,..pheno-
logical models of how crops develop,during a growing season .under.a variety of
cloud, moisture, temperature and soil conditions. Third, management and
decis4on models for various applications need to be developed and imprred.--,

S. Sensor development should be continued and will'be influenced by user
needs, signatures, models, and-supportive interactions among different sensors.
In particular,-multispectral scanners need to be refined, proximate sensors for
use with DCS need to be developed and improved,_ and both imaging and non-imaging
radio-frequency sensors need to be developed and experimented with. \.

6. Computer-processing algorithms, systemsand languages must be
developed and refined to permit data analyses by a variety of anticipated users,
particularly-those not well versed in mathematic, programming, or.domputer-
system utilization. These developments will involve interactive data processing
systems complete with data access, data display, and-programmable terminal
capability. Natural language programming syttems using processing option lists
should be provided with expandable, program logic. This will permit'user utiliza-
tion of techniques%developed by researchers in the fields of information proces-
sing and analysisln addition, it shoUld provide.for incorporation of special'
purpose hardware developed for special processing applications'.

INFLUENCE ON OR BY U.S. SPACE TRANSPORTATION SYSTEMS

Successful operation of ERTS-1, Skylab,-and meteorological satellites and
extensive experimentation with data fromhthese'satellites indicate ways in
which earth-observation applications may influence the ne s for certain kinds
of space transportation capabilities. Although fikm speCi ication of space
transportation requirements will be reached'only after user eeds for data and
communications are further specified, refined, and translate into engineering
terms, the likely'form of the requirements is sufficiently clear that it is

. advisable to initiate new studies and plans for achieving them.
Experimentation with p1S-1 has determined user requirements that include,

for example, swath width; coveragebv0 by title of day and by sea,son, frequency
of coverage especially in view; of cloud cover, and orbit-incIinati`on effects.
These requirements tend indicate need for multiple satellites of the ERTS
type supportedby one di:more Synchronous Earth Observatory System (SEOS) plat-
forms. Such multipfe-vehicle systems point very strongly to a requirement for

.11
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numerous brief manned missions. to resupply, adjust, replace, and repair on-board

"\\ equipment, This type of function can be served by the space shuttle system.
Satellites of the SEOS type will require space transportation capable of placing

them in required geostationary orbits. Growing needs for more refined sensors
(including radar) and for increased refinement in stabilizing and pointing
sensors tend toward heavier earth observation satellites; and suggeSt a need for
higher booster thrust. Certain user needs for prompt data access, especially
from multiple-user, integrated space systems, can possibly create specialized
requirements, for example, tracking and data relay Satellites. The,Panel
supports ongoing NASA studies to determine means for meeting space transporta-
tion and other requirements. as user needs become more clearly defined in increas-
ing detail.

IMPLEMENTATION ON MANAGEMENT LEVEL

. n order-that the technical objectives outlined may be accomplished, cer-
tain management, organizational and planning tasks must be done. First, the
existing national plan for earth resource survey research, development and
implementation* must he extended. leis fairly complete with regard to the
del:elopment of azice systems for data acquisition, formatting, and availability.
It needs to pe'supplementedy an equally complete plan for the development of
systems that, using space derived data in conjunction with data provided by
traditigrial services, can produce meaningful conclusions and recommendations ,

for ibn related to the earth's environment. These systems need to be identi-
fi and the agencies for development of ehe plans should be identified and
,supported,

Clarification ancNefinement of user and their translation into terms
meaningful for systems implementation have already been mentioned and ar very
difficult. Institutional arrangements must be worked out 'for identi ng
agencies to accomplish this difficult task, responsibilities must clarified,

and support must be provided. In addition, needs pf individual er communities
must be amalgamated to the degree posSible so that\they can be erved by common
Systems, The Panel supports the joint ,NASA and us- agency and to implement
and demonstrate a small number of end-to-end pilot o. at .nal applications
experiments as a significant step.toward this amalkama on. These experiments
also must be.supplemented.by new institutional arrangements.

A need fofsubitantialljr increaikl efforts to deVelop and improve env iron-'

mental and management`models must be recognized. Responsibilities for these
efforts must be delegated and support made available. While observational data
and information in themselves are useful, their utility and value are greatly.
increased 'When they can be employed in models to predict the effects of human
.intervention on future events.

Finally, institutional arrangements must be,created to resolve the many
international problems inherent ih the'space related elements of an earth
observation system.

*Transition from a'Researeh and Dve:opment to An Operational Lode. A report by
the Interagency Coordination Committee for Earth Resource Survey Programs to the
Office ofManagement and Budget'. Washington., D.C.', 1973;
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SUMMARY

Within the entire scope of space-related data acquisition and data utiliza-
tion, the Panel on-Information Seridces and Information, Processing has concerned
itself with the latter domain. In particular, it has addressed t1 Current
status of capabilities, performances,

perceived needs, and opportunities in the
processing, storage, dissemination, and interpretation of data derived from
earth-observation satellites. The Panef has focused its study largely on aspects
of data'handling relevant torapplications within the fields of earth' resources
and environment, including the atmosphere. The systdms-spedific nature of data
handling problems in the field of communications services has led the Panel to
exclude such problems from'its review and to leave them to the Panel on Uses of
Communications* and for later joint consideration., On the othei- hand; the Panel
on Information Services and Infdrmation Probessing has examined certain aspects
of co6unication that are inherent in thetdata-handling procedures, current or
proposedKfor the utilitation of'earth-observation data. .

Review of progress in the field of 'Oade,data handling, and management since
the 1967-68 summer study** and examinatTim of the current statris of capabilities.
and performances reveal that a tremendous amount and variety of experience have
been gained and that substantjal capabilities have been achieved. The National
Aeronautics and Spade Administration, the U.S. Departmenrof the Interior, and
other participating entities in the public and private sectors have clearly
succeeded in bringing about changes of great current and potential import in the
fields of earth-resources management and environmental control.

The 'quantity and quality of4data and imagery acquired by the Earth Resources
Technology Satellite and by other earth-oriented satellites have exceeded in most
respects the expectations and aspirations expressed in the 1967-68 and-other
studie H ever, because the ultimate'objective of data acquisition is their
constructive utilization in.She.attainment of socially beneficial and economically
productive ends, this achievement has been both gratifying and sobering. The'

*Panel on 1.1es of Co unic fans. Practicai. Applications of Space Systems;
Supporting Paper 2: Uses of:Conmozicatioi2s.- Report to the Space Applications
Board, National Research Council. National Academy of Sciences, Washington,D.C., 1975.

**National Research Council. Useful' Applications of Earth-Oriented Satellites:
Report of the Central Review tOmmittee. National Academy of Sciences, Washing-ton, D.C., 1969.
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Panel finds that to date, data utilization: ,(1) does not Match perform9ce in
data acquisition; (2) does nto realize the potential inherent in the qafintity
and quality of data acquired, and (3) does not take advantage of available or
technologically feasible capabilities for 'data processing, interpretation, and
management. ,

A part of.the shortfall in data ut ization is attributable to a lack (4
institutional arrangements that facilitate an efficient flo of information and
arrange cooperative, efforts for opti exploitatiqopff data, facilities, and
techniques. Related problems and}SSues, inn-a-governmental and inter-
governmental, public and private, domestic and international, are addressed by,,
the Panel on Institutional Arrangements.* Another part of the shortfall is

attributable to funding deficiencies in 'the several subfields of data utilization.
While great emphasis on the development of capabilities for the acquisition'of'
earth-features data was natural and appropriate in.the early phases of the space,
appliCations program, the Panel on Information Services and Information
Processing concludes that both need and opportunity, as well. as, technicairtapabil-
ity, now exist for acceletating progress in effective data utilization. The
Panel believes that, while the demonstration of tangible, quantifiable benefits
from U.S. in'estment it space technology has been delayed by the reluctance of
normally conservative economic sectors to adopt new methods, increased emphasis
on and attention to many-aspects of data utilization in pil

and now should accelerate such demo ration. A majortp can

t orquasi-
.

qt
operatial projects c
part of the overall problem of realizing the potential useful ess of acquired
data is attributable to the inherent great magnitude, the complexity, and the
diffuse character of user comtunities,q'specially to their multifaceted data
requirements, and to a lack of available physical resources and capable personnel
for extracting and' analyzing relevant information.

r.

tit

v.

*Panel on Institutional Afrangemvnts. Practical Applications
Supprtirg Paper ,1C: Institutional Arrangements. Report to
tions Boayd, .National.Research Council. National Academy of
ton; D.C., 197S.

'
14

2 3

of Space $ystems;

the Space Applica-
Sciences, Washing-



f'
4

_CONCLUSIONS AND RECOMMENDATIONS

GENERAL CONCLUSIONS AND. RECOMMENDATIONS '

In order to address meaningfully the information handling aspects of the
applications of space systems for the 1980's, the Panel on Information Services
and'InformatiOn Processing found it desirable to consider first the overall
national program context in which.data handling problems must be approached.
Without an integrated and dynamic national program for practical experimentation
in data utilization, improvements in data processing and information services
can hardly be expected to yieldsignificant increases in socioeconomic benefits.

The Pane sconcludes that the experience gained and the results achieved to
date with earth- observation satellites now warrant increased support in several
'applications fields for studies and practicalexperiments in preparation for
the design of operational systems. Toward that end and with the ultimate objec-
tive of realizing sooner and more fully the indicated potential benefits of
:earth observation satellite systems and data, the Panel submits the o1lowing
general recommendations.

.,

In earth observation space applications, program emphasis
should now be shifted toward operationally-oriented.experi-
ments and design. Ir

The national plan for exploitation of space technology in
earth_ observation applications should be' revised to achieve
the same degree of completeness for data utilization as for
data acquisition. It should be extended to include user -

agency plans and to-take into account where possible mature
plans for domestic private and foreign governmental sectors.

Data utilization experimental programs for participating and
affected user agencies should be formulated at ctrl early date
and documented at a level of thoroughness 'Comparable:to that
which has characAerized data acquisition programs.

Adequate resources shmild be applied to upgrading experimental
systems as a basis for planning' and executing pre-operational
experiments.

15
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A set of pre-operatiOnal experiments in t4e utilization of
zateglite derivedarth resources and environmental data
should be selected in 1974.-75 and conducted within the 1976-80

cod.

A preliminary design study of a complete and fully operational-
-multip4e-user applications system should be initiated in 1975 . ./

in order to identify those systems, mission, and interface
problems which must be solved in order to avoid delay and inter-
ruiti.on of data flow. In particular,-at an early. date mu/tip/e-

, user needs must be clearly defined, possible: conflicts identified;
and acceptable compromises examined, eepecially'with respect to
sensor complement, orbit, and implications for mission ply:ming,
control, and procedures.

. .
Timely and adequate budgetary authorization and appropriations
should be provided in order to assure continuity in acquisition'
and utilization of,earth observation dqta. Such continuity. is
essential for Progreas toward the desidn and development of
operational systems.

Within the period 1975-80, or until operational public or private
systems are available, the national program should permit and,
within reason, facilitate quasi - operational use of then-existing
experimentallSysteme for applications which are in the national
interest 'and for which near - operational capability has been

deuianstrated. The cost-reimbursabVe'b-asis,of such use will, need

to be- ex:coninich

. . $

The Panel concludes that desigriand devlopment of systems for data acquisi-
tion, processing and interpretation techniquestan be advanced significantly
by more precise definition of user needs and more careful translation of needs
as defined into systems design parameters. Recommendations based on this con-
clusion follow: 4

O

Program studies should be initiated with the explicit objectives
ofachievi4-precise definitions of user data needs in various,
applitatione: areas and translating defined needs into systems
parameters.

Necessary' institutional arrangements should be ctleateir to refine
definition of user needs, to evaluate the impac'e of user needs on
space systems, and to identify areas of common needs among users.

i'

Optimum methods of tisfying user needs may involve. selective use of data
from aircraft and ground0ources to complement data fron space systems. Thii

would avoid the problems associated with handling the very large volume.of data
which would result if spa e high resolution data alone were-used.

16
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It is -recommended that alternative ways to achieve- Aser
objectives using data fry various sources, be analyzed to
determine optMum methods, and subseguently, that the effect
on user activities of integrating new (and previous* unavail-
able) data be studied.

Only the simplest environmental and resources problems are solvable using
data from a single source. To solve most'problems, data or information will be
required from existing sources such as maps or statistical records, as well as
new dataand information:from aircraft andifrom spacecraft. Data relayed by
satellite from numerous ground sensors may be.needed as well. These data will
have different formats, Information content, rates of arrival, perishability,
and other distinguishing features:-.....Ti bring all theSe data together, in such a-
manner that they jointly provide needed information, requires solution of the
very'difficult and distinct technical problem of integrating disparate data.
The Panel concludes that"the problem of generating useful information from
disparate data'is not sufficiently recognized andris not receiving the attention
that it requires.

p.

N,
The 'Panel rebomutndsIthht PASA.a74.the user agencies more , .

explicitly recognize the existence of the. dispFate data .

problem-and provide' resources for work upon it;'
.6

DATA HANDLING CONCLUSIONS AND RECOMMENDATIONS

' Data acquired by ciarent earth:oriented satellite systems have been process-
ed<and'distributed in varying degrees by various data centers in the

'77* .ihcluding.Goddard'Siace Flight Center (CSFC), Wational'Environmental Satellite
System Resourcei Observation System (EROS),, and by Capadian and-
"Brazilian centers, 'r These data have been considered by the Panel in ermSoof
the following major attributes of significance to the user:

4

e of data (visual, infrared, thermal infrared, microwave,
active, etc.)

Quantity (area, swath width, etc.)

Quality (resolution, accuracy, dynamic range, etc.)

4 Format (tape, film, prints, scale, grid, etc*.)

Frequencizof coverage

' Timeliness of acquisition

Timeliness of delivery or access

,Compatibility (with other multiple-source data)

Coptinuity of data flout.

17
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. The Panel finds that while.great volumes of Valuable data have been acquired
and while genuiny and, to a commendable degree, successful efforts have been
made to process and distribute those data to experimenters and lisers, there are
significant needs and opportunities for improvements to maximize the effective- .

ness and benefits-of.space-data utilization during the 1980's. In'particular,.

.improvements are necessary and possible,-in tWollowing domainsIA

Responsiveness of data acquisitionsysxems to user negtip

-Quality and utility of data delivered to users

Access to data by users'
4

i I t

Means for utilizing data.

Conclusions and recommendations are given in each of these areas. Recom-
tendations are not addressed to any one agency nor exclusively to governmental
agencies; some needed development Ind services shOuld come from the private
sector.

.

Responsiveness of Data Acquisition Systemkto User.Nee'ds

The Panel concludes that.program results to date,indicate a heed for addl-
e...,

tional types of sensor data.

It is recommended that sensor 'development be continued and take
into account. an increasing understanding of signatures, user
needs, and data handling, requirements: Special attention should
be gives .to accelerating the development of microwave imaging
and non-imaging sensors, to improving ground senors and data
handling for use...with the data collection system (DCS), anct to

increasing the number of multispectxal scanner channels'',
particularly thermal'channels.

. In planning missions to ;ake care ofthe needs of potenti 1 users, -'the
Panel concludes that many remote sensing requirements fordiff ing discip Ines
can be satisfied by sharing the time'of nearly identical sensor systems. * n

addition, the large payload capabilities planned for,tike'U.S. s ace transp rta-
tion.system *411 allow simultaneous orbit of multipli-sensor sy 'tem even ough
some have partially conflicting oper tional requirement.

It is thereore recommend that effective automtic t hniques
for epee na/mission-p
develope to assure the mos
'borne se ors which can be.

-

ing, scheduling, a)*analySis be
effective utilization of space-

hare&athong multiple users.
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Quality pf Data

The Panel concludes that the prese:it practice of geometric correc ion o
data of the ERTS-1 type by analog processing significantly limits thr94hput

*

aid degrades data quality. The Panel thus recommends:

Available advanced techniques for all digital processing and
dissemination of ensoridata should be applied to preserve data
quality and to i r crease throughput at the processing center.

, A prototype, facility for'all-digital geometric correction of
i ERTS-1 data sh'oitld be developed to demonstrap the operational

feasibility of high- throughput geometric co2*ection and
registration. When proven successful, this facility can be
utilized to off-load and eventually to replace the existing
ERTS-1 correction facility and thus can result in substantial
improvement in data quality (resolution and accuracy).and
throughput.

...I) !

The Panel concludes that in order to avoid multiple sensor-data geometric

calculations, the accuracy of these calculations should be commensurate with the
the moStstrIngent user requirements, within user physical facility limitations.
For example, automatic Charige discrimination and utilization of temporally
registered scenes in signature classification require registration of successive
scenes to within fractional picture element accuracy to maximize interpretkion
performance (without additional geometric modification).

It is recommended that operational registration of single
sensor multiple-temporal scenes be accomplished simultaneously
with geometric correction. This could be done by geodeticaZly
correcting a reference scene. using geodetic control points and
then geometrically correcting Later scenes to the reference
scene geometry using control points from the reference scene.
Thus, although geodetic accuracy of scenes is determined by the
accuracy of geodetic control paints, ,successive scenes of the
same area will be inherently registered to much higher accuracy.

The Panefconcludes that frequency of coverage by some earth-o nervation'
sensor systems is inadequate for certain applications and theref recommends
that:

Economic trade -offs of alternative operational methods for

achieving more frequent coverage should be investigated: Uses
of multiple satellites, tingle satellite sensors with increased
swath width, and synchronous satellites should be considered.

Studies of requirements on the U.S. space transportation system

should be continued to accomodate consideration of more frequent
coverage, heavier payloads, use of synchronous orbit, and other
factors.

19



Acces,s to Data by User

The Panel concludes that there is a need for improved balance between
centralization and decentralization of data handling functions based upon users'
common needs in order to achieve econqmies in data processing and dissemination
and to assure greater uniformity of data products. Thus, it is recommended that:

Basi,d data formatting and corrections cotton to all users'of,
data from any specific 4pace-borne earth observation system
should be accomplished centrally rathei, than be required of

each user separately.

User.- specific processing requiring utilization of Locally avail-

able correlative data trained personnel, and user proprietary
interpretive 'techniques or models should bg accomplished in
decentralized facilities. . . A

o le
..

A rlicster catalog of all space-derived earth observation data
cross-referenced on common indices, should_be generated and
maintained in a central library, with copies distributed to
decentralized facilities.

1 ,
.

.... .
.

Data should be provided by a centralized processing facility dn
digital tape, radiomeOicatly calibrated but geometrically
-uncorrected, with the geometric correction coefficients 'for a

standard product included on the tape. Algorithms should be'
readily available for 'conversion of correction `coefficients to

nonstandard formats and map projections at user-specific
facilities.

The Panel concludes that timeliness of access to acquired data is currently
a barrier to effective utilization of such data for several earth resources and

fenvironmental applicat ons. Therefore, the following are recommended:

Feasibility and trade-offs should be investigated for correc-
tion of data on-board earth observing spacecraft to enable
direct readout by' users.

. Insofar as feasible, intermediate manual steps should be elimi-
nated in the raw-data correction and reformatting processes by
using all-digital processing techniques for generating Computer-

compatibe tapes.
. .

The central master data center and the central graund receiving
station should be at the same-location and at a position pro-
viding maximum land coverage within the continental U.S.
Receiving stations and primary data processing centers also
should be Co-located, where feasible, in regional and foreign
centers.
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capabilitiesleP

aneldoc2=s that current high - speed, -access and mass-storage

The Panel concludes that acquired earth observation data are insuffiotently
available in a readily retrievable form suitable for'specific user requirements,
and that efficient application of space-detected observations often utilizes
data from multiple observation systems. The Panel therefore recommends that:

Methods and computer programs for indexing high-density storage
should be developed to provide ready retrieval in a convenient
coordinate system.

Efforts shbuld be vigorously pursued to achieve a greater degree
of record format compatibility among data derived from or by
different space-borne sensor systems.

The Panel concludes that access to data is required at sevetal stages in
the progressive processing and intepretation of earth resources and environmental
data owing tothe diversity of user.applications and to the varYill& levels of
sophistication among users.

It is recommended that provision should be made at the central
facility for user access to data in computercompatible format
as well as at decentralized facilities where products represent
different stages of processing and interpretation.

The Panel concludes that, despite the tremendous leverage afforded by modern
digital techniques for 'data and image processing and analysis, the human eye and,

brain are a powerful combination for rapid detection, discrimination, selection,
and interpretation of natural and man-made 'features in earth imagery. Indeed,for many ultimate users, human photointerpretation will for some time remain the
only available means of selecting and interpreting such imagery. This means must
be neither foreclosed nor minimized.

0

It is recommended that steps should by taken to provide both
centralized standard and decentralized custom photocopy services,
with emphasis on manipulation and control of grey scales and
false-color tones so as to optimizevisual detection and dis-
crimination of specific types of earth resources and.environ-

. mental features on black and white and on color-matched photo-
prints and transparencies.

fast

The Panel thPrefbre recommends that emerging advanced techniques
for high-density and high -rat) data storage, such as holographic
memories, magnetic bubble memories, charge-coupled devices, and
high- density magnetic memories, should be investigated for post-_
sible adaptation to. data storage in spacecraft and as mefta for
data ground transmitta and storage.

21

:3 0



data
Panel concludes that an appreciable delay between data acquisition

and data availability to users is due to the time required for transmission of
received data to the centralized correction facility and to the time required
or transmission from the centralized facility to the decentralized facilities

and to user's. The. following are 'therefore recommend

.Sensor-dat'a and processed-data comMunications requirements
should be studied in terms of bandwidth requirements and costs
as a potential replacement for conventional transport of mass -
storage media.

Direc,t transmission to Local terminal's can give users at remote

sites access to catalog and data in centralized archives and
should be evaluated with respect to communication Zink require-
ments.and cosils and projected remote-terminal costs.

The Panel concludes that any earth observation system will akilire some
data and information which for some periods of time should be proprietary and
receive only lidited distribution. When the data are diStributed widely, care
must be taken to make them available simultaneously to all interested segments
of the user community. A typical historical example.is the periodic crop-yield
estimates of the U.S. Department of Agriculture.. Confidentiality of some data
and-information in an earth observation system conceivably can impose significant
requirements on the system which cannot be foreseen in Any dpitail until the
degree of confidentiality is defined.

It is recommended that needs for confidentiality and restricted
distribution of some data and information in an earth observa-
tion system should be formulated so that the impact on the data--

distribution system can be determined.

Means for Utilizing Data

The Panel concludes that the Cull potential of space-derived earth observa-
tion data can be realized only when two types of scientifically valid models are
available. One type uses environmental data in prediCting dynamic phenomena.,
The other type uses observed data in inferring the existence of features or con-

ditions not directly observable. Since there is a dearth of such models, it is

recommended that:

Development and testeig of prediptive and inferential models

should be given increased emphasis. .

. Necessary institutional'arrangements should be,created to
accomplish the development of new and improved environmental
predictive and inferential models.

The Panel concludes that stages of development are not very uniform for
Various elements of automatic classification of spacedata. Theory and. programs

22
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are relatively advanced for ERTS-1 multispectral data classifications. However,
only a primitive state of development has been attained for preprocessing and
feature extraction methods that extend classifications over different geographic
locations without invoking new training sets, corrections for sun angles, Viewing
angles, and other factors. Research and development are also needed in temporal
classification, in classification based upon spatial and polarization target and
sensor characteristics, and in the integration of data from a variety of ancil-
lary.sensors and sources. Significant increases in interpretation and classifica-
tion capabilities will result from further development of these methods.

The Panel recommends that significant resources be devoted to
the fUrtha development c automatic classification based on
spectra% spatial, temporal, polarization, and multiple-sensor
effects.

The Panel concludes that, as the program proceedsith more applications
experiments, the need is increasing forgreater transferability of data processing,
and analysis within computer programs.

It is recommer:ded 'that, to the degree possible, pattern recog-
nition andata processing computer programg should be expressed -

in-commonly usable and transferable 7.ar14#ges and documentation.

The Panel concludes that effective development and impirovemenipoof sensor
systems; data processing, and interpretation require more and better spectral,
spatial, polarization, and temporal signature data than are now available.

The Panel recommends programs for determination of spectral,
spatial, polarization, and temporal signatures should be
intensiied to provide inputs required for development and
improvement of.sensors, data processing, and interpretation.

The Panel concludes that the program for observation of earth resources has
brought about measurable changes in methods for managing and effectively utilizing
resources. However, the information now being used to assist in these tasks
comes in formats new to many potential users. The availability of this informa-
tion on a routine basis and the possibility of acquiring from a host.of sources
broad information heretofore unattainable place a burden on both the developers
and the 'users of the system. To be able to handle and effectively to utilize the
,information, systeedevelopers, resource managers, and planners at all levels
must be informed about the availability of the information and trained in its use.

-The Panel recommends that education and training in the new
and sophisticated tegiVologies that are being introduced into
user applications of space systems should be encouraged
strongly and ink formal way in the programs of TWA, 066, and
the user agencies. Then, such education should become increas-
ingly available in university curricula and as training at botjz
the managerial. and technical h''e ?-e for Rersonnn within the user

(community.
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APPENDIt<

,SENSOR GEOMETRIC CORRECTION

Procedures ibi Imaging-Sensor Geometric,Correction

Geometric distortion arises in sensor data because of sensor internal geo-
metric nonlinearities, spacecraft platform attitude motions and ephemeris, earth
curvature and rotation, and viewing aspect geometries. Many of these distortion
sources cnn be determined and precisely calibrated, for example', earth rotation
_and viewing aspect geometries. Others, such as spacecraft attitude and
ephemeris, are semi-random and can be Measured only to varying degrees of,'
accuracy. In addition, desired map projection and scale may differ substantially

' from the sensor viewing geometry. Geometric correction can be divided into two
parts: distortion calculation and disto4tion correction. Distortion calculation
incorporates all measurements and, calibrations of distortion components and the
desired map projection geome
element from its true (or desir
of pidture element displacements

to determine the displacement of each picture
d) location in the received image. The accuracy

s determined by the accuracy of semi-random
measurements. This accuracy can He improved by incorpo ation of further distor-
tion measurements, in particular, features within the i ge called control points,
whose true locations are known. If control points are located frdmimps they
are called Geodetic Control Points (GCP) and geodetic accuracy of the order of
accuracy of the GCP can be obtained within the image. If control points are
`located by corr lation with an 'image of the same area taken at a different time, .
they are called Registration Control Points (RCP), and relatiire geometric accuracy

J (registration) etween the two temporally displaced images is of the order of
the accuracy of the correlation procedure and Plus depends oh the number of --
control points utilized. Since the distortion at each picture element is a con-

_ plex function of location.within the imageprecision calculation of the dis-
placement at each picture element is an inordinately time-consuming process.

.

Consequently, diiplacement is calculated precieely'only on a selected grid of
points within the image and displacements at all other points are determined by
interpolation of the displacements on this grid. By selection of the grid
spacing, arbitrary modeling accuracy.can be achieved. Thus, image distortion is
completely described by a set of interpolation coefficients. These interpolation
coeffiCients define the distance each picture element sample must be moved to
place it in the desired map coordinate system and are specific to the map projec-
tion 'and scale. Conversion of the coefficients to represent other map projections
or scales are trivialtalgebraic exercises.

. 440,
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The second t)a geometric correction includes moving the sensed picture

element intensit s to their desired locations via the displacement previously

calculate uivalently, at each location (line or sample) in the desired

corrected projection system, the location of the correspondirig sensed picture

element intensity is calculated. .In general, the desired location will not

coincide exactly kith the locations of the sensor samples. Consequently, the

surrounding sensed sample intensities are interpolated at the desired ocation.

-This interpolation procedure must be performed at every point in the output
precision image and consequently can represent the dominant load on the entire
geometric-correction process., However, current techniques of utilizing special'
purpose digital,equipment (hard-wired algorithms) with minicomputers for control

have reduced this problem to insignificant proportions relative to generation
and duplication of o is such as Computer-Compatible Tape (CCT), film, and

High -Density Di:' -1 Tape (HDT).

Prov on f(il- Decentralized Geometric Correction .

Sensor data (for example, from the ERTS-1 militispectral scanner subsystem)
are required by users in. numerous map projections, scales, and formats. Geo-

metric manipulation of sensor data should be performed once, Ifmost, 'since

computer round-off and approximation errors compound in successive steps. For

all sensor data at the centralized facility to be corrected to all_ the various

forms needed by users requires several different geometric-correction passes
through each frame of data and consequently produces substantial logistics and

throughput problems.
On the other hand, all data (for example, spacecraft attitude and ephemeris,

sensor dynamics, nonlinearities., and boresighting, and registration control-
point libraries) required for determining geometric distortion in the sensor

data are available-at the centralized facility. The procesi'of calculating the

geometric distortion is much the same for all users and results in geometric
correction coefficients which users can easily modify algebraically for any

desired map projection, scale; or format.
_Geometric manipulation of sensor imagery by, digital means at high through-

-, put is relatively inexpensive, if the distortion coefficients are given and if
inexpensive minicomputers.and simple hard-wired algorithms are available. The

cost of acquisition and duplications systems with large throughput and output

renders insignificant the cost of geometric-image manipulators.
The most cost-effective implementation of an image correction facility

takes place as shown in Figure I. The centralized correction facility performs

all operations common to all data users, namely, data reformatting, radiometric'

calibration, maintenance of control -point library, distortion calculation, and

cligital transmission-medium formatting. Data are then transmitted digitally

to decentralized (user-specific) facilities in radiometrically corrected stan-

dard format,with all geometric-correction coefficients included with the geo-

metrically uncorrected data.
The decentralized facility then modifies the geometric-coTrection coeffi-

cients appropriately, if desired, and generates a digital tape cOrrectedand

formated to user requirements. The decentralized facility Then generateS and

duplicates user products,(tape or film),for dissemination.
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The centralized facility also has an image-correction processor for genera-
,

tion of digital imagery in standard map projection. The uncorrected tapes con-
taining the correction coefficients are stored in archives for later e, if
required.

A sugpKted implementation of the concept of an interim ty em for handling
digital data from ERTS-1 (that is, pre=operational) is shown n Figure 114 The
centralized NASA Data Processing Facility transmits geome cally uncorrected
tapts.containing the correction data to the EROS center for geometric correction
and output processing generation and dissemination. A prototype image correction

-processor can be developed at the NASA Data Processing Facility. .

111111_k
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