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- PREFACE .

\ v ’ . ’ ¥

In November 1973, the National Aeronautics and Space Administration *

(NASA) asked the National Academy of Engineering* to conduct a summer study
of future applications of Space systems, with particular-emphasis on practical
approaches, taking into consideriticn s nomtcbénefits. NASA asked that

the study.also consider how these appliq;;ions would influence or be influenced
by the Space Shuttle System, the princip4l space transportation system of the -

1980's. In December 1973, the Academy agreed to perform the study and- assigned’
the task to the-Space Applications Board (SAB).
In the summers of 1967 and 1968 i y of Sciences hag\\h\\
search——___ .

convened a group of eminent scientists and engineers to determine what re
. and development was necessary to permit the exploitation of useful applications

©of earth-oriented satellites. The SAB concluded thdt since the NAS study, .
bpérational weather and communications- satellites and the successful first

year of.use of the experimental Earth Resources Technology. Satellite had demon-
.Strated conclusively a technological capability that could form a foundation
" for gxpanding the yseful applications of" space-derived information and services.,
add that it was now necessary to obtain, from -a broad cross-section of"potential
users, new ideas and needs that might guide the development of future space °
systems for practical‘applications. .

‘After disgﬁssibns with NASA and othey interested federal agencies, it

was agreed that- a major aim of. the "summer study" should be to, invoive, and- "

to attempt to undezstand the needs of, resource nagers and other decision-
makers who had as yet only considered space systems 2 erimental Tather
“than as.useful elements of major day-to-day operational information and service .
Systems. Under the general direction of the SAB, then, a representative group

of users and potential users .conducted an intensive two-Wegk study to define

user needgs. that might be met by information or servicesderived from earth-

orbiting satellites, This work was done in July 1974 at Snowmass, Colorado, .

For the study, nine user=oriented bane Were formed, comprised of present

oT potential public and private users, including businessmen, state and Jocal . e
government officials, resource managers, and other decision-makers. A number =
N -

- -

LN

*Effective July 1,,1974, the National 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.’
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I of scientists and technglogists’ also participated, functioning essentially

. as expert consultants. The a551gnment made to the panels included reviewing
progress 1in space applications since the 'NAS study of 1968* and defining user
needs potentlally capable of being met by space-system applications. User .
specialists, drawn from federal, state ‘and local governments gnd from business
NI and industry, were impaneled in the following fields:
‘ " 2 s  Frere .
Panel 1: Weather apd Climate
«. Panel 2: ‘Uses'of Communications -
Janel 3: Land Use S,anlng -
~ ; . Panel 4: Agriculture, Forest, and Range
- Panel 5: Inland Water Resources
\ Panel 6@ Extractable Resources
Panel 7: Environmental Quality o-
Parel 8: Marine and Maritime Uses =~ ~ - '
Panel - 9: Materials Processing in Space )

In add1t10n the stu@y the socioeconomic benefits, the influence of tech-

) nolofy, and the 1nterface *with space tramnsportation systems, the following
dnels (termed interactive panels) were conveneAd:
ey N

~

<

. ) Pane!l 10: In&titutional Arrangements b
Panel 11: Costs and Benefits . .
oo Panel 12: Space Transportation '
Pdnel 13: Information Services and Informatlon Processing
" Panel 14: Technology -~ . . .

As a basis for their deliberations, the latter groups used needs expressed -
by the user panels. A substantial amount of interaction with the user panels
was designed 1nto the study plan and was found to be both desirable and neces-
sary.
The major part of the study was acqompllshed.by the panels. The function’ A
of the SAB was to review the work of the panels, to evaluate their findings :
) and to derive from 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 as well as more general onés arrived at by
considering the\work of the study as a whole, are contained in a réport pre-
gared by the Board,** d .
It should be emphaslzed that the study was not designed to make detailed
assessments of all of the factors which should be considered in establishing
priorities. In sohe 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 SateZZztes,
Report of the Central Review Committee. National Academy of Sciences, |
Washington, D.C., 1969. ~ t

**Space Appllcatlons Board, National Research Council. Practical Appitcations. |
of Space Systems. National Academy of Sciences, Washington, D.C., 1975.




1nstitutional or organizational support may feed to be appraised; multiple
uses of systems may heed to be evaluated 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. Recommendations.for certain such analyses,
however, appear in the Board's report, together.with recommendations designed
to provide an improved basis upon which to make cost-benefit assessments,

In sum, the study w
and .experienced users, expert-in their fields, to express their needs for
information or services which mght (or might not) be met by space systems,
and to relate the present and potential capabilities of space systems to
their needs. The study did not attempt to examine in detail the scientific,
technical, or ecopomic bases for the needs expressed by the users. .-

The SAB was i1mpressed by the quality of the panels' work and.has asked
that their reports be made available as supporting documents for the Board's .
report. Vhile the Board is in-general accord with the panel” reports,-it -
does not necessarily endorse them in every detail. .
) The conclusions and recormendations:of this panel report should be con-
sidered within'the context of the report prepared by the Space Applications
Board, The Views presented in the panel report represent the general consensus
of ¢he panel. Some individual members of the panel may riot agree with every
conclusion or récommendation contained in the report, . v- .
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. ) . . - . ’
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- ~ -
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-and using the information as a basis for decisions related to management of .
-earth resources and enyironment. Data and information and their manipulation -

" are central and all-pervasive factors in ‘such management so that the legitimate . o
scope of the Panel overlaps and supports the scope of each user panel: : )
' - . L4 ' . 1 .
» .7
» 5 . N .:' . » - ] > . - . . . . "

'

> - . . 4
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e [ .
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The Panel ‘on Information Services and Information Processing took as its
domain-of concern:the applications of space Systems to land use planning,
agriculture resources, ihland water resources, extractable resources, environ-
mental quality, and marine-resources. The area 6f materials processing in space N
dpes not, at this time, appear to require a large data-processing system, so -
relatively little attention has been devoted'to this topic: Any comments regard- .
ing- data processing that are relevant and important to the subject are found in. . B
the Report of the Panel on Materials Processing.in Spaee.* Applications: to .
weather and climate do entail a large integrated i'formation and data processing .
system, However, requirements for applications in this field ate sufficiently T
unique, the user community is sufficiently cohésive apd sophisticafed, 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 he 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,

) . . 5
- . ¢

" *Pan&l on Materials Processing in Sp;ce. Practical Applications of Space

- - Systems; Supporting Paper 9: Materials Processing in'Space. Réport to )
the Space Applications Board, National Research Council. National Academy M
of Sciences,”Washington, D.C., 1975. . . "
**Paitel on Weather and Climate. Practical Applications of Space Systems; . .
. “Supporting Paper 1: Weather and Climate. Report to the Spacé Applications e
Board, National Research €oyncil. National Academy of Sciences, Washington,
B.C., 1975, . " ‘ . ' ) '
' - . ~
C o 1 :
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.. » PROGRESS SINCE 1967-68 SUMMER STUDY

J - had
-y 4 . . _‘ .
’ - . . ~‘.’ 3
a \ ‘. ’ = R
A . » JADEQUACY OF PRIOR RECOMMENDAT IONS St
.. . ¢ FOR PRESENT AND FUTURE NEEDS ‘ "
. . ’ ) - iR J * - ? o -
1. . < ¢ . ’ . - . . i
' -The 1967-68 summer study recommended the implementation and operation of an .

¢xperimental data acquisition space system to conduct investigations aimed at
, determining the capability to,produce data.and information® for use in a wide
variety of applications related to earth resources and environment. It.was he
recommended that a program use a®satéllite like the first Earth Resources - /
Technology Satellite (ERTS-1) ith.a first:igeneration datd system including trans-
mitting and receivinggequipment. The system recopmended ¢onsisted largely but
'not exclusively of such facilities for formatting And disseminating photographic 3
data as now exist at Gafldard Space Flight Center (GSFC) and at the Earth Resources -
Observation System (ERCS) Dpga.fenter at Sioux Fails, South Dakota. A supporting
aircraft program was recgpfutnded for the acquisitipn of rélated dafa. It was
Tecomzénded 4n much less detail thdt studies of a second-generation’ semi- -
automated data system be carried omt. The actions cafled~for in the 196768 -~ °

.

< récomendations have beeq carried oot Hy FASA, by associafed government gencids,

ST
1‘{ .

.and by numerous in\*gtigato'z;s from both public and private sectors. - ° o
- The, experience gained in the opératiéi of theése systems, the results and ¥ .
conclusions from more than 300 experimental 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 -earlier recommendations to guide the program in the coming '
 years. Furthérmore, since.the results of these 300 investigations have shown
that data of significance to user applications can be dcquired, it is now appro- <
priate to devote ‘substantial research and design to systems for data and infor-
. mation utilization. Primary space, aircraft, and data collection system (DCS)
data must be merged with those from other space systems s such as meteorological

- .satellites, and with relevant data from Other gources, s “' o
A : , $4+ .o
“ RESPONSE TO PRIOR RECOMMENDATIONS vol'. - Y .

The years since the 1967-68 Study, as ERTS:1 and Skylab have come into
~ operatjon, have been characte'l;iZed‘by a growing awareness, interest, and involve-
ment in the experimental utilization of space data by users within federal,

AN \, - " : B

. 3
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+ state, and Iocal agenc1es in the United States, by foreign governments, “and by
the private ‘sgctor, including commercial organizations, universities, and
. 1individuals. In+addition, private industrles, nonprofit research organlzatlons
St and university personnel have turned their attention ingreasingly to demelop1ng
) - \techn;ques‘fbr formatting, d1ssem1nat1ng and 1nterpre%1ng such data. Although
e these activities are still finahced predominantly 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 or% anizations and individuals are
beg1nn1ng to formulate programs and have begun to apply some funding to these
activities. A small but growing commercial market for the data, infoimatiom, *
and related services has comerinto being as potential users have becofie dware
of the a\allablllty and potential value of the products; Another consequgnce of
_ this -gréwing awareness is that prospettlve and actual users are beglnnlng
‘request data, information, and services tailored to the1r needs. WA

y - . .

Al

. ACCOMPLISHMENTS TO DATE IN SPACE APPLICATIONS
! * - )
The most notable accorptishmenns to date in 1nformat10n 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 by,a wide spectrum of users’, In addition, university, non-
profif, and commercial groups‘“have created or are beginming to create staffs .
and facilities both to.use the data in app11cat1ons and to further the develop-
ment.of technologies. Furthermpre, there is a growing availability of commercial
equipment fof the mag1puIat1on of this kind of data and information.
. . In agriculture, crop identification capabilities have been demonstrated by
several ERTS-1 investigations. Most programs have worked with a small nuomber
of erops-and hay demonstrated incfeased classzf;catlon accuracy when data avail-
. able over différent fime 1n§erxals_are “considered. - These inputs provide first
steps in the developmgp&‘s. crop imenio¥ics and farceasts and .in ghe detectlon ~~
- "of crop stress, disease, and imsect infestatioR.. ™ \ et
In other areas; ERTS-1 imagery aided by refined cemputer processing has
<. successfully demonstrated its usefulness’in first-level imventorying of range
land, in generating Level I*land use maps at a .scale of 1:250,000, in gemerating
photonosa1cs and planifetric maps at a scale of 1:1,000,000, and in_making map

=4 " revisions at various scales. The presence of fol1age in some seasons and its -
absence in others have been used to aid in soil,mapping and in discriminating
s rock types. Some ERTS-1 images have demonstrated the detectabxlgty of lineaments

because of vegetative growth patterns. Still further benefits -and accompllsh-
-ments derived from the present earth observation sysStem include mapping of
surface water bodies. as small as a few square kllometers, surveying of estuar&ne

s
H

h ]

Y

2 *Level I xs the grosse§t scale in a Iand use classification syStem proposed for v
* use with remotely-sefsed information by the Department of the Interior. c.f.
* Anderson, James R., Haxdy, Barnest E., and Roach, John T.: A4 land-Use Classif Tea-
tHon Sgstem for”ls e Wi{th Remcte Sensor Data. -U. S Geolog1ca1 Survey C1rc81ar 671
U.S. Department of the Interior, 1972. - .
4 Ay

. . ‘ '.-' 4 . . c/



* 1

and coastal features, monitoring of dynamic 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 (1) is capable
of simultaneous projection-ranging from multispectral images for false-color ‘
. renditions to complete interactive systems; (2) includes multi-color displays,
data, and computer-program acces$ by remote terminal; and (3) has software ‘
,developed for image enhancement ‘and automated 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. . o -

’
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e CURRENT USER NEEDS AND POTENTIAL BENEFITS

/ - . . -

-~ -

. DEFINITION OF CURRENT USER NEEDS = <

" ! Adequate expression of user needs is extremely important in obtaining maxi-
mur benefits from applications programs and optimum design for improvement of :
Space systems-and institutions. Adequate definifion of user needs is extremely i
‘dafficult. User 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 ,w
improvements and to conceive of using his existing system with little or no .
modification. In principle, however, it is clear that in at least scne instances ’

. far greater improvements and benefits can accrue if a user employs data products

' significantly 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 systen
which can best serve g.user. Within the present program, the-structurte for -

system~modification'€§; be improved. At presgnt, NASA operates what properly

can be termed an experimental data-acquisition (not utilization) system in
which NASA responsibility gexminates when system-corrected, formatted data are
made available at GSFC and 'at the EROS center in Sioux Falls, A user has the -
responsibility to conceive apd develop data utilization within the pverall .
applications program. This compartmentalization has obvious 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 usér needs is required and new mechanisms must . ©
be evolved to bring about essential interaction among the sensor, platform, data,

and user discipline communitief. An importan¥ 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 consideratior by .--

NASA and by some user agencies. . . v
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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. .

1
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: PRELIMINARY SYSTEMS ANALYSES

There is now in operation an’ acquisition and dissemination system d
to make space data available for experimentsl purposes, Also, fully-opeyational
systems exist for conventional applications. It.is vitally important thdt an
acquisition and dissemination system maintain continuity of available experi- C.
mental data and that system capabilities be upgraded as suc¢essive gene
of experiments reveal needs and opportunities formodification and exte
As suggested previously, it is necessary that-programs be shifted incre
the direction of pjilot opgrational applications experiments to direct
more and more towards the data-utiijgatio§ part of the overall system.

If a complete opérational system for.data acquisition,and utilization during <
the 1980's is intended, ,the design shodId be started immediately. Thel design - ]
will almost certainly be modified on gﬁe basis of results of successiye genera-
tions of experiments, However, thé process of designing an overall si'stem ‘must
begin now in order to uncover what the spacecraft designprs call intgrface and
.procedural problems,- These problems becosme apparent onrly when the cgncept
includes interactidns among all components of the entire system. A First overall-
design stully is very likely to reﬁéal‘needs for. previously unrecognized research,
development, and modification of user systems and procedures, = | : .

The time also Seems appropriate tﬁ;make detailed studies of several applica- :
tions to determine optimum ways of achileving objectives and fulfilling missions.: ’

- These studies can first describe, in fg:ctional and information-flow terms, the *
way a mjssion is performed at present and then study progressive changes which .
~may be permitted by the availability o ‘existing or possible types of space data ' .
and of data procesSing. .' — ’ y
' The-systems analySes just géntion d should be supported by eafkgsresourée
signature studies to indicate what disériminations are physically po3sible and
to refine requirements for sengor pérf Tmance, In addition, there are needs for .
development of Significant modfkls spchjas crop canopy, crop phenplogy, and . .
«-management decision., All of these will influence systems designs and lead to
refineéd defipitions of user needs./ : .

-
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ogies for data vaulsltlon and ut111" ion. The major activities
be carried on are dlscussed bel . 4

expenment ation.

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

L 73
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. . .
PHASES BETWEEN RESEARCH AND DEVELOPMENT
AND OPERATIONAL SYSTEMS

Potential benefits have been eXperlmentall) demonstrated within earth
observation programs. It is now logical to proceed with pilot operational appli-
cations experiments to extend experiments with data utilization., Such experience
w11l be needed to reach a decision on systems which can become operational during -
the 1980's. Concurrently, research should proceed to improve corponent technol—
zhzch should

/

1. Cont1nu1ty of,av’llable spacecraﬁt aircraft, angACS data must be
nalntdlned so that required experimentation, fam111ar1" ion,.and training can be.
"conducted. As the programs progress, spacecraft, opbfts, sensors, ahd other data
sources as well as means of data formattlng, cateYoging, storage, digsemination,
and processing should be upgraded in'ways indicated by the results of the

»t

2. A number of p1lot operational app11cat10ns exper1ments should be
designed which encompass the activities of users in utilization of data. User
robjéctives which are presently carried out with existing convent1onaI’m§thods 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
para11e1~w1th the existing organization without dlsturb1ng theip activities. The
new team should accomplish the same (or comparable) ob3e¢t1ves as the existing
organization, using remote sensing data to compiement or replace data gathered, by
tonventlonal.means and adjusting organizational structure as appropriate %o
accommodate the ‘new techn1quas. -~

. ' These controlled, experiments will prov1de to the wsérs an understanding

nodified to take advantage of remotel) sensed data. Out of this experimentationm,
evaluation, and comparison will come the &nformat1on nEeded to design an opera-
tional System. .
. To the greatest pdgslble degree, t operational appllcatlons .
experiments should address/the objectives-Gf more than pne traditional use
organization and thereby indicate the-€xtent to which elements ef;f/new System

can serve more than oné user.

Related to the design and implementation of ﬁ?e exper1ments is a strong
need to bring user plans and programs to the same Stategsof maturity and comple-
"*tion as NASA has brought plans and programs for data agquisition. This entails
much more detailed and structured.definition of user needs and determination of
consequent effects on data acquisition and ut111zat10nq

3. There is-a need at. this time to .procéed 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 usér objective. ProéeEHing
at this time with an initial detailed design is necessaty, even though it will
almost certainly Bk modified by results of subsequent experimeptal programs,
Problems arise whemever attempts are made to integrate a large number of diverse
technologies into a unified system. Approprlafe research and development tasks

7
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and programs must be initiated to provide solutions to such problems when they
are discovered within the preliminary désign., _ ) :
AN

4, In order that maximum advantage of\new sensing and data technologies
be realized, new dnd improved models of various kinds must be developed for the -,
terrestrial enviromment, First, models are needed for detecting and discriminat- -
ing among terrestrial features: for example better signature data are needed -
concerning plants and soils .and must be related to observation models SO t -
sensors can be better sgpcified and so that thé degree of performance to be .
expected can be ascertgined and used in evalugting actual performance. Second, -
since repetitive observations at different fimes are needed, models should show
how terrestrial features may change over4 period of time; for‘example, .pheno-
logical models of how crops develop_during a growing season pmder a variety of
cloud, moisture, temperature and soil conditions. Third, management and .
décision models for various applications need to be developed and imprqved.;\_ .

5. Senser development should be continued and will*be influenced by user -
" needs, signatures, models, and- supportive interactions among différent sensors.

In particular, multispectral scanners need to be refinpd, 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,_izgggms,eand languages must be
developed and refined to permit data analySes by a variety of anticipated users,
particularly -those not well verSed in mathematics, programming, or .computer-
system utilization. These developments wi}l involve interactive data processing.
systems complete with data access, data display, and programmable terminal )
capability. Natural language programming systems 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 analysis..¥In addition, it should provide.for incorporation of special’
purpose hardware developed for special processing applications. : \\\\\\\~

INFLUENCE ON OR BY U.S. SPACE TR%§SPORTATION SYSTEMS . . v -

" Successful operation of ERTS-1, Skylab, and meteorological satellites and
extensive experimentation with data from.these satellites indicate ways in P
which earth-obseriation’applications may influence the negds for certain kinds
of space transportation capabilities. Although fiim spéhggzgation of space
transportation requirements will be reached only after user~needs for data and
communications are further specified, refined, and translateé into engineering -
‘terms, the likely'form of the requirements is sufficiently clear that it is \
advisable to initiate new studies and plans fbr achieving them. -

Experimentation with ERTS-1 has determined user requirements that include, . .
for example, swath width, coverage'both by time of day and by seaign, frequency . )
of coverage especially in view of cloud cover, and orbit-inclinatden effects. . N
These requiremenfé tend indicate a need for multiple satellites of the ERTS : -
type supported*by one 6T more Synchronous Earth Obserwatory System (SEOS) plat- .
forms. Such amultipfe-vehicle systems point very strongly to a requirement for R .
» o . .X r/_/
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numerous brief manned missions.to resupply, adjust, replace, and repair on-board
™\, équipment. This type of functign 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
.. (inciluding radar) and for increased refinement in stabilizing and pointing
sensors' tend toward heavier earth observation satellites, and suggest a meed 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. ’ - ) .
N © 7" IMPLEMENTATION ON MANAGEMENT LEVEL
.. }t\\‘ . 3
! \>H;\;;EE?\fhat the techinical objectives outlined may be accomplished, cer-

tain management, organizationaly and planning tasks must be done. First, the
existing national plan for earth resource survey research, development and
implementation* must be extended. It'is fairly compléte with regard to the
defelosment of‘gbgce systems for data acquisition, formatting, and availability.
It needs to bhe’'supplemented .by an equally complete plan for the development of

. systems that, using space derived data in conjunction with data provided by
traditional services, can produce meaningful conclusions and recommendations

b for ion related to the earth's environment. These systems need to be identi-

\\\\\\ fied and the agencies for development of the plans should be 1dent1f1ed and
supported, o
Clarification and trefinement of user heeds and their translation into terms
. meaningful for systems implementation have already been mentioned and age~very
. . * difficult. Institutional arrangements must be worked out ¥or identifying
agencies to accomplish this difficult task, responsibilities must he clarified,
and support must be provided. In addition, needs of individual p€er communities
must be amalgamated to tHe degree possible so that they can beAServed by common
systems, The Panel supports the joint NASA and us agency an$ to implement
and demonstrate a small mumber of end-to-end pllot operatitnal applications
experiments as a significant step.toward this amalgamalion. These experiments
. also must be su plemented by new institutional arrangements.

- A need fofPsubstantially Increasﬂu efforts to develop and improve environ-
merital and managewment® model; must be recognized, Responsibilities for'ﬁhese
efforts must be delegated and support made available. While observational data

. and information in themselves are useful, their utility and value are greatly .

C-A increased When they can be employed in models to predict the effects of human
.intervention on future events. ~N

. Flnally, institutional arrangeménts must be, created to resolve the many

1nternat1onal\prob1ems inherent in the" space related elements of an earth

observation system. . -

-

Y . ) .

<. .

*Transition JrOP a 'Research and Development to An Operational tode. A report by
the Interagency Coordination Committee for Earth Resource Survéy Programs to the
Office of- Management and Budget, hashlngton, D.C.', 1973:
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Within the entire scope of space-related data acquisition and daiglutiliza—
tion, the Panel on Information %;riices and Information Processing has concerned
itself with the latter domain. ‘In particular, it has addressed the current
status of capabilities, performances, perceived needs, and opportunities in the
processing, storage, dissemination, and interpretation of data derived from
earth-observation satellites. The Panel has focused its study largely on aspects
of data handling relevant to"applications within the fields of earth resources
and environment, including the atmosphere. The systems-specific 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 Papel on Uses of
Communications* and for later joint consideration.. On the othet hand, the Panel
on Information Services and Inférmation Pr Cessifig has examined certaiﬁ'aspects )
of communication that are inherent in th data-handling procedures, current or
proposed,. for the utilization of earth-observation data. .

Review of progress in the field oi%;ﬁaeegdata handling,and management since
the 1967-68 summer study** and examinatfon of the current status of capabilities
and performances reveal that a tremendous amount and variety of experience have
been gained and that substantial capabilities have been achieved. THe National .
Aéronautics and Space Administration, the U.S. Department’ of the Interior, and - _
other participating entities in the public and private sectors have clearly -
sucteeded in bringing about changes of great current and potential import in the
fields of earth-resources management and environmental control, Co
*  The quantity and quality of ‘data and imagery acquired by the Earth Resources
Technology Satellite and by other earth-oriented satellites have exceeded in most
respects the expectations and gspirations expressed in the 1967-68 and-other
studies, However, because the ultimate‘objective of data acquisition is their
constructive utilization in the attairment of socially beneficial and economically
productive ends, this achievement has been both gratifying and sobering. The' °

~

\L_' Na

*Panel on Uses of C:;ﬁunicqggons. Practicai.ﬁppiications of Space Systems;
Supporting Paper 2: Uses of ‘Communications. - Report to the Space Applications
Board, National Research Council. National Academy of Sciences, Washington,
D.C., 197s. ‘ :

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

Report of the Central Review (ommittee. National Academy of Sciences, Washing-
ton, D.C., 1969. !

?
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‘ .
Panel finds that to date, data utilizdtion: . (1) * does not match performapce in
data acquisition; (2) does nto realize the potential inherent in the q¥éntity
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 u;}&gzation is attributable to a lack of
1nstitutional arrangements that facilitate an efficient flow of information and
darrange cooperative efforts for Optimﬁh exploitatiqyzpf‘data, facilities, and °
techniques. Related problems and i$sues, intrg-governmentél and inter-
governmental, public and private, domestic and international, are addressed by .,
the Panel on Institutiondl Arrangements.* Another part of the shortfall is
attributable to funding deficiencies in thé 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 .
Japplibatiops program, the Panel on Information Services and Infq;mation

, Frocessing concludes that both need and opportunity, as well as technical Tapabil-
ity, now exist for accele?ating progress in effective data utilization. The
Panel believes that, while the demonstration of tangible, quahtifiable benefits

- from U.S._in¥estment ih space technology has been delayed by the reluctance of
normally conservative economic sectors to adopt new methods, increased emphasis
¢n and attention to many“aspects of data utilization in pilqt or ‘quasi- )
pperatignal projects can and now should accelerate such demg§§xration. A major
part of the overall problem of realizing the potential usefulness of acquired
data is attributable to the inherent great magnitude, the complexity, and the
diffuse character of user communities,rszecially to their multifaceted data
requirements, and to a lack of available physical resources and capable personnel
for extracting and’ analyzing relevant information. - ‘

4
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- *panel on Institutional ATrangemegnts. Practical Applications of Cpace Systems;
Sugpertirg Paper 10: Institutional Arrangements. Report to the Space Applica-
| y tions Board, National ,Research Council. National Academy of Sciences, Washing-
ton; D.C., 1975. ' :
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... CONCLUSIONS AND RECOMMENDATIONS

R

GENERAL'CONCLUSIONS AND RECOMMENDATIONS *

In order to address meaningfully the information handling aspects of the

applications of space systems for the 1980's, the Panél on Information Services _

‘and’ Information Processing found it desirable to consider first the overall
national program context in wh}ch.daté handling preblems must be approached.
Without an integrated and'dynahic national program for practical experimentation
in data utilization, improvements in data processing and information services
can hardly be expected to yieldgsignificant incdreases in socioeconomic benefits.
‘The Paned'concludes that the experience gained and the results achieved td
date with earth-obServation satéllites now warrant increased support in several
"applicagions fields for studies and practical .experiments in preparation for
the design of operational systems, Toward thdt end and with the ultimate objec-
tive of reglizing sooner and more fully the indicated potential benefits of e
earth observation satellite systems and data, the Panel submits the following
general recommendations. - - :

In earth observation space applications, program emphasis
should now be shifted toward operationally-oriented. expexri-
ments and design. [ U ,
- ° The national plan for exploitation of space technglogy 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 govermmental sectors. —

Data utilization experimental programs for participating and )
affected usér agencies should be formulated at dn early date .-
, . and documented at a level of thoroughness comparable-.to that o,
K which has characterized data acquisition programs. ' ’
Adequate regources should be applied to upgrading experimental
systems as a basis for pZanniqg and executing pre-operational
experiments. t )

’
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v sensor complement, orbit, and implications for mission pZanmng,

' S

A set of pre-operational experiments in the uti Zzzatwn of
N satedlite derived earth resources and environmental data *
should be selected in 1974-75 and conducted within the 1976-80 _ - .
-pextod. ’ . : L
(
A prelmnary deszgn study of a compléte and Fully operatwnaL .
: muthple-user applications system should be initiated in 1975 . .
in orden to identify those sy,stems, migsion, and interface ..
problems which must be solved in order to avoid delay and inter- ;
ruptjon of data flow. In particylar,”at an early date multiple-
, user needs must be cZearZy defined, possible:conflicts identified,
and acceptable compromises examined, edpectally ‘with respect to

" eontrol, ar.d procedures.

Tme’ly and adequate budgeta:z‘ry authomzatwn and appropmaz‘nons
should be provided in order to assure continuity in acqmsztwn
and ut;,lzzamon of earth observation dqta. Such continuity. is
essential for progress toward the deszgn and deveZopment of .
operatwnal systems, ‘ . .

- -

Within the pemod 1975-80, or until operatwnal puwa or private -
systems are available, the national program should permit and, -
within reason, facilitate quasz-opek’atwnal use of then—emstnng o
experimentall systems for applications which are in the national

interest ‘and for which near-operatwnal capability has been

demonstrated. The cosi-reimbursable ﬁaszs of such use mZZ need

‘to be-examineds = F T

3 . RN T -~ T e
> I -, }
The Panel concludes that design and develofpment of systems, for data acquisi-
tion, processing and interpretation techniques *can be advanced s:.gmfz.cantly
by more precise definition of user needs and mére careful transtation of needs
as defined into systems design parameters. Recommendations based on this con-
clus:.on foliow: v . ) o ’

- 3

Program stzgdzes should be initiated with the explzczt obgectwes

. of achieving-precise definitions of user data needs in various,
applications areas and translatmg defzned needs znto systems
parameters.

definition of user needs, to evaluate the zmpactf of user needs on
space systems, and to zdentnfy greas of ecommon needs among users.

i

. Optimum methods of s’ tisfying user needs may involve selective use of data
from aircraft and ground ources to complément data from space systems. This
would avoid the problems assoc1ated with handling the very large volume.of data
which would result if spa e high resolution data alone were.used.

/ .
L
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- Necessary institutional arrangements shouZd be cfeated to refine | !
|
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It is recommended that alternative yays to achieve hser
objectives using data frgm various sources, be analyzed to . . ‘
. determine optimum methods, and subsgquently, that the effect ’
on user activities of integrating new (and previously unavail-
able) data be studied. ) .

> >
¥ . b

B 4
Onty 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 data ‘and information:.from aircraft and Jrom 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 ~Jf bring all these data together, in such a - e
manner that they jointly provide needed information, requires solution of the i
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 and’is not receiving the attention
that .it requires. ' T e

o

-’

' > :‘ N ) >
The Panel recommbnds: that NASA and. the user agencies more _—
explicitly recognize the existence of the. disparate data A !
» ' problem and provide resources for work upon it.’ '
DATA HANQLING CONCLUSIONS AND RECOMMENDATIONS . s

¥

Data acfuired by clitrent earth-oriented satellite systems have been process- .

' ed.and' distributed in varying degrees by vatious data centexns in the UsS, =~ | -
";.ihcluding'pgqggrd’Space Flight Center (GSFC), Wational ‘Environmental Satellite
_ . Systen (NESSJ=Esvth Resources Observation System (EROS), and by Canadian and o
T “Brazilianm centefs, < These data have been considered by the Panel in termso.of e
the following major attributes of significance to the user: - “ .
Type of data (visual, infrared, thermal infrared, microwaxﬁ,'
active, etc.) - ' , ~ IR

] ¢

-

Quaﬂtity (area, swath width, etc.) - ' X
Quality (resblution, accuracy, dynamic range,.etc.)
Lz Format (tapé, film, prints, scéle; grid, efc;)
Frequency of coverage \
Timeliness of ;cquisition ‘ . . -
Timeli;ess.of deliver& Oor access
. %Cqméatibil?ty (with other multiple-souééé‘dataa ' o -

v’

Coptinuity of data flow. - .- :

- ‘ L




. The Panel finds that while great volumes of yaluable data have been acquired
and while genuine and, té a commendable degree, successful efforts have béen
made to process and distribute those data to experimenters and psers, there are
significant needs and opportunities for improvements to maximize the effective- .
ness and benefits of.space-data utilizdtion during the 1980's. In' particular,
.improvements are necessarx and possible=in tgskfoiioWing ‘domains:*

.

-
. 1
* i e,

Responsiveness of data acquiSition Systems tgQ user, neefis

“+ ] $ |
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§ v *Quality Qnd utility of data delivered to users (! ‘.
| Access to data by users' ' ) <
i - [ » , .
% Means for utilizing data. ' ~ ., L
. v - ’ ) .
| Conclusions and recommendations are given in each of theSe areas. Recom-
| mendations are not addressed to any one agency nor exclusively to governmental
| agencies; some needed deve10pment %nd services shduld come from the private
§ sector., .
i . . . ’ . LY . ’
} - 4 M - -
| Responsiveness of Data Acquisition Sysfemi~to User Neéds
The Panel coﬂcludes that‘program results to dateﬁindicate a keed for addi-
. “~ tional types of sensor data. . .
N4 . - -
It is recommended that sensor'development be continued and take
into account an increasing understanding of signatwres, user
. needs, and data handling, requirements. Speczal attention should
. . be given to acceleratzng the deveZopment of microwave imaging *
) + . and non-imaging sensors, to improving ground sengors and data
. 7 . handeng for usewith the data coliection system (DCS), and to
¢ ' increasing the number of multispectral scanner channele; ; :
: partwularly thermal ‘channels. /‘,; .
. ) In planning missions to take care of, the needs of poéenti 1 users ~the<
" Panel concludes that many remote sensing requifements For diffdring “disciplfines
can be satisfied by sharing the time of nearly'identical sensor| systems. fn
. addition, the large paylepad capabilities planned for. the'U.S. s ace transpprta-
. tion, system will allow simultaneous orbit of multiple-sensor systems even [though
F ' some have partially conflicting oper tional requirement? . .
) It is therefore recannend ‘that effective automatic t hnzque
for operbbzénal migsion 'p ing, gcheduling, ayéﬁanalyszs be
dévelope to assuré the moslt effective utilization of space-
-borne sefisors which can be{shared among muthpZe users.
|
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Quality pf Data

v
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The Panel concludés that the present practice of geometric correction of
data of the ERTS-1 type by analog processing significantly limits throughput/. -
and degrades data quality. The Panel thus recommends: -

Available advanced techniqués for all digital processing and
dissemination of sensor,data should be applied to preserve data
. quality and to increase throughput at the processing center.

. 4 prototype factlity for all-digital geametric correction of

R RTS-1 data should be developed to demonstrgﬁ the operational

. eastbility of high-thiroughput geometric covbection 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
tmprovement in data quality (resolution and accuracy) and
throughput. -

The Panel concludes that in order to avoid multiple sensor-data geometric
calculations, the accuracy of these calculations should be commensurate with the
the most:stringent user requirements, within user physical facility limitations.
For example, automatic change discrimination and utilization of temporally .
registered scenes in signature classification require registration of successive
scenes to within fractional picture element accuracy to maximize interpretation
performance (without additionad geometric modification). . .

‘

It ig reeommended that operational regisiration of single
-+ s8ensor rultiple-temporal scenes be accomplished simultqneously
¢ with geometric correction. This could be done by geodetically ot
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 scenee is determined by the X
accuracy of geodetic control points, successive scenge of the —
same area will be inherently registered to much higher accuracy. ° )

The Panel concludes that frequency of coverage by some earth-offservation’
sensor systems is inadequate for certain applications and theref recommends
that: ) .

t Economic trade-offs of alternative operational methods for
achieving more frequent coverage should be investigated. Uses
of multiple satellites, gingle satellite semsors with increased
swath width, and synchronous satellites should be considered.

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

shpuld be continued to accommodate consideration of more frequent
coverage, heavier payloads, use of synchronous orbit, and other

. factors. R '
28 - T .
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Access to Data by User .. . /\ N . J
N ‘ v |

' The Panel concludes that there is a heed 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:

\ A |
Bastd data formatting and corrections common to all users'of, |
data from any specific gpace-borne earth observation system ‘
shouZd be accomplished centrally rathéb than be required of .
each ‘user separately. . . . . . ‘
User-specific processing reqmmng utilization of loeqlly avail- ‘
able correlative data, trained personnel, and user propmetary |
interpretive techmques or mo@ls should bé aecomplished zn }

decentralwed facilities. - . A ~

A rﬁaster eatalog of all space-derived earth observation data,

cmss-refez’enced on common indices, should be generated and

maintained in a central library, mth copies distributed to-
 decentralized factlities. . ‘

- ’ A ]

Data should be provided by a centralized processzng facility on
, digital tape, radiomet#ically calibrated but geometmically '
| wrieorrected, with the geometric corrsction coefficientsNfor a
standard product ineluded on the tape. Algomthms should be"
readily available for econversion of correction coefficients to
. nonstandard formats and map projectiqns at user'-specz,fw
“aczZztzes.

The Panel concludes that timeliness of access to acquired data is currently
a barrier to effectivefutilization of such data for several earth resources and
environmental applicatfons. Therefore, the following are recommended:

Feasibility dnd ‘mde-e ffe 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 eélimi-
nated in the raw-data correction and reformatting processes by
using all-digital processing techniques for generating éomputer-
eompatible tapes.

The central master data center and the central gmund recewzng

. station should be at the same location and at a position pro-
viding maximm land eoverage within <the continental U.S.
Receiving stations and primary data procesezng centers also
should be co-located, where feaszble in regional and foreign ’
centers. —_— N

-
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.. The Panel concludes that acquired earth observation data are insuffiegently
available in a readily rétrievable 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:

. rethods and computer programs far indexing high-density storage
. should be developed to provide ready retrieval in a convenient
coordinate gystem. ) .

Efforts should be vigorously pursued to achieve a greater degree
of record format compatibility among data derived frém or by
different space-borne gensor systems,

LN

The Panel concludes that access to data is required at seve?al stages in
the progressive processing and intepretation of earth Tesources and environmental
data owing to ‘the diversity of user -applications and to the varying levels of
sophistication among users. . ’

"It is recormended that provision should be made at the central .
factlity for user aacess to data in computer-compatible format -
. &s 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 sohe time remain the
only availabI¢ means of selecting and interpreting such imagery. This means must

be neither foreclosed nor minimized. < »

-
.

It i recommended that steps should be 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 optimize. visual detection and dis-

erimingtion of specific types of earth resources and.environ- . *
mental features on black and white and on color-matehed photo-

o . prints and tramsparencies. '

The Panel concludes that current high~-speed, fast-access and mass-storage .
capabilitiés do not match projected user requirements. . o

The Panel therefore 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 pos-_
sible adaptation to.data storage in spacecraft and as me@ta for
data ground trcmsmﬁtta‘[ and storage. L \&,)




and data availgbility to users is due to the time required for transmission of
received data to the centralized correction facility and to the time required
for transmission from the centralized facility to
, and to user's., The followir}g are therefore recommend

e decentralized facilities

. . Sensor-data and processed-data commmications requirements ’
should be studied in terms of Randsidth requirements and costs
as a potential replacement for conventional tmnsport of mass-
stomge media.

Diz'ec‘t transmission to local terminals can give users at remote
sites access to catalog and data in centralized archives and
should be evaluated with respect to commmication link require-
< ments.and cosys and projected remote-terminal costs.

| . The Panel concludes that any earth observation system will agcquire some

| data and information which for some periods of time should be proprietary and

| receive only limited distribution. When the data are distributed widely, care °
| , must be taken to make them available simultaneously to all interested segments

| ‘ of the user commmity. A typical historical example.is ‘the periodic crop-yield
|

?
| The Panel conciudes that an appreciable delay beiwéen data acquisition

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 degail umtil the
degree of confidentiality is defined. : -

It is recommended that weeds for confidentiality and restricted

N distribution of some data and information in an earth observa-
- tion system should be formulated so that the impact on the data-
s © distribution system ean be determined.

Means for Utilizing Data

The Panel concludes that the full potential of space-derived earth observa-
tion data can be realized only when two types of sc:.ent:.flcally valid models are
available. One type uses environmental data in pred1ct1ng dynamic phenorena. -

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

. . recomnended that: .. , l

Development and testi‘;ig of predigtive and inferential models

should be given increased erphasis. . .

|

|

|

|

|

|

|

|

liecessary inmstitutional ‘arrangements should be created to
i accomplish the development of new and improved envirovmental
- predictive and inferential models. L. .

The Panel concludes that stages of developrent are not very uniform for
various elements of automatic classification of space data. Theory and programs
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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. Significdnt increases in interpretation and classifica-
tion capabilities will result from further development of these methods.

The Panel yecomrmends that significant resources be devoted to
tne furthed development of automatie classification based on
srectral, spatial, termoral, polarization, and multiple-sensor
effects.

a/ \'

The Panel concludes that, as the program proceeds with more applications
experiments, the need is increasing for greater transferability of data processing*
and analysis within computer programs. '

~y

~

It is recormended that, to the degree possible, pattern recog-
nition and data processing computer programé should be expressed
in comonly usable and transferable langlnges and documentation.

\ The Panel concludes that effective development and inprovemeng of sensor

systems; data‘processing, and interpretation require more and better spectral,
spatial, polarization, and temporal signature data than are now available.

Tne Panel recommends programs jor determination of spectral,
’ " spatial, polarization, and terporal signatyres should be
intensizied to provide inputs required jor development and
. improverient of Sensors, data processing, and interpretation.
The Panel concludes that the program for observation of earth resources has
broughit about measurable changes in methods for managing and effectively ufilizing
resources. However, the information now being used to assist in these tasks
comes in formals new to many potential users. The availability of this inforna-
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 utili'zé the
.information, system®developers, resource mapagers, and plagners at all levels
must be informed about the availability of the information and trained in its use.

o

-The Panel recommends that education and training in the new .
. * and sophisticatéd teqologies that are being introduced into "
* "user applications of space systems should be encouraged '
strongly and in & formal way in the programs of FASA, USCS, and
e the user agencies. Then, such education should become increas-
‘ .ingly available in wniversity curricula and as training at both
) the managerial and technical levels ¥or persomnel within the user
. (fxynnunity. ‘ ' ~
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SENSOR GEOMETRIC CORRECTION
Procedures for Imaging-Sensor Geometric Correction

. Geometric distortion arises in sensor data because of semsor internal geo- -

metric nonlinearities, spacecraft platform attitude motions and ephemeris, earth

curvature and rotation, and viewing aspect geometries. Many of these distortion

sources can 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 mdeasured only to varying degrees of/f/

accuracy. In addition, desired map projection and scale may differ substantially

from the sensor viewing geometry. Geometric corréction can be divided into two

. parts: distortion calculation and distqgtion correction. Distortion calculation

® incorporates all measurements and calibrations of distortion components and the
desired map projection geome to determine the displacement of each picture
"element from its true (or desirwd) location in the received image, The accuracy

' of picture element displacements\is determined by the at¢curacy of semi-random
measurements. This -accuracy can Be improved by incorpoyation of further distor-
tion measurements, in particular, features witldn the imgge called control points,
whose true locations are known. If control points are located frommaps they
are called Geodetic Control Points (GCP) and geodetic accuracy of the order of
accuracy of the GCP can be obgained within the image. If control points are
"located by corrglation with an inage of the same area taken at a different time, .

* they are calledSRegistration Control Points (RCP), and relative geométric accuracy
Y (registration) betweén the two temporally displaced images is of the arder of

the accuracy of the correlation procedure and thus depends oh the number of  --
control points utilized. Since the distortion at each picture element is a com-
plex function of location.within the image, precision calculation of the dis-
placement at each picture element is an inordinately time-consuming process. .
Consequently, displacement is calculated precisely only on a selected grid of o
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 accuracCy can be achieved. Thus, image distortion is
completely described by a set of interpdlation 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, Conv?rsian of the coefficients to represent other map projections
or scales are trivial algebraic exercises. ) o
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The second pa geometric correction includes moving the sensed picture
element intensitlef to their desired locations via the displacement prewiously
uivalently, at each location (line or sample) in the desired
corrected projection system, the location of the corresponding sensed picture
element intensity is calculated. .In general, the desired location will not
coincide exactly yith the locatioms of the sensor samples. Consequeﬁt%y, the
surrounding sensed sample imtensities are interpolated at the desired location.

-This 1interpolation procedure must be performed at every point in the oqutput }

-

precision image and consequently can represent the dominant Ioad on the entire
geometric-correction process. , However, current techniques of utilizing special’ .
purpose digital ,equipment (hard-wired algorithms) with minicomputiers for control
have reduced this problem to insignificant proportions relative to generation
and duplication of o ts such as Computer-Compatible Tape (CCT), fiim, and
High-Density Digitdl Tape (HDT). . .

on fB} Decentralized Geometric Correction
Sensor data (for example, from the ERTS-1 miltispectral scanner subsystem)
are required by users in.numerous map projectioms, scales, and formats. Geo-
metric manipulation of sensor data should be performed once, most, 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 logistits 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 avaMable-at the centralized facility. The process of calculating the
geometric distortion is much the same for all users apd 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 ar¢ given and if
1nexpensive 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 reformating, radiometric’
calibration, maintenance of control-point library, distortion ¢alculation, and

igital transmissién-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-coyrection coeffi-
cients appropriately, if desired, and generates a digital tape corrected,and
formated to user requirements. The decentralized facility then generates and
duplicates user products. (tape or film).for dissemination.

.
L4 . Al
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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 aré stored in archives for later e, if

required. ’ . . , .
A suggeSted implementation of the concept of ah interim &ysfem for handling

digital data from ERTS-1 (that is, pre-operational) is shown if Figure II, The

centralized NASA Data Processing Facility transmits geome
tapes.containing the correction data to the EROS center for

cally uncorrected
geometric correction

and output processing generation and dissemination,

A prototype image correction

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

-t
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