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PREFFACE

The pressing need to survey and manage the earth's resources and environment, to better understand remotely
sensible phenomena, to continue technological development, and to improve management systems are all elements
of a future Earth Resources System. The Space Shuttle brings a new capability to Earth Resources Survey including
direct observation by experienced earth scientists, quick reaction capability, spaceborne facilities for experimenta-

tion and sensor evaluation, and more effective means for launching and servicing long mission life space systers.

The Space Shuttle is, however, only one element in a complex system of data gathering, translation, distribution
and utilization functions. While the Shuttle most decidedly has a role in the total Earth Resources Program, the
central question is the form of the future Earth Resources system itself. Itis only by analyzing this form and

accounting for all elements of the system that the proper role of the Shuttle in it can be made visible.

This study, entitled TERSSE, Total Earih Resources System for the Shutile Era, was established to investigate the
form of this future Earth Resources System. Most of the constituent system elements of the future ER system and
the key issues which concern the future ER program are both complex and interrelated in nature. The purpose of
this study has been to investigate these items in the context of the total system utilizing a rigorous, comprehensive,

systems oriented methodology.
The results of this study are reported in eight separate volumes plus an Executive Summary; their titles are:

Volume 1 Earth Resources Program Scope and Information Needs

Volume 2 An Assessinent of the Current State-of-the-Art

Volume 3 Mission and System Requirements for the Total Earth Resources $iystem

Volume 4 The Role of the Shuttle in the Earth Resources Program

Volume 5 Detailed System Requirements: Two Case Studies

Volume 6 An Early Shuttle Pallet Concept for the Earth Resources Program
Volume 7 User Models: A System Assessment

Volume 8 User's Mission and System Requirement Data

Executive Summary.

ifi/iv
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SECTION 1
INTRODUCTION AND SUMMARY

1.1 INTRODUCTION AND REPORT ORGANIZATION

The Space Shuttle brings a new capability to Earth Resources Survey, but is only one element in a complex system
of data gathering, translation, distribution and utilization functions, While the Shuttle most decidedly has a role in
the total Earth Resources Program, the central question is the form of the future Earth Resources system itself.
It is only by analyzing this form and accounting for all the elements of the system that the proper role of the Shuttle
in it can be made visible. Thus, the major thrust of the TERSSE study is to define a top-level architecture for the

total Earth resources system during the time frame of the early Space Shuttle era, the early 1980's.

The first major step in the process, that of establishing traceable user jobs which can be served by the TERSSE,
bas been documented in Volume 1. A second step, that of assessing the current state of the art of all system ele-

ments, has been reported - Volume 2, This volume completes the overall architecture defenition by defining a set

of 1980's missions to be performed by the TERSSE and the performance requirement and configuration of the systems

necessary to carry them qut,
The specific study objectives covered in this report are:
1. Define specific mission requirements
2. Define system configuration and performance requirements for all elements of earth resources system
a. Future system scenarios
b. System performance specification
c. Critical item development recomendations
3. Compare/evaluate system configurations

This volume is organized into several distinct sections (plus supporting appendices) which represent the major

functional segments of the portion of the study effort. The sections and their contents are:

Section 1, INTRODUCTION AND SUMMARY : provides a brief overview of the effort and contains a brief sum~
mary of the key results, observations, and recommendations obtained.

Section 2, METHODOLOGY & STUDY APPROACH: describes the approach applied to the determination of the
TERSSE and relates this effort to the other study tasks.

Section 3, TERSSE REQUIREMENTS: provides the 1980's scenario and the definition of the TERSSE users; it
presents their mission and system requirements and the detailed information flows developed for each major
resource management mission.

Section 4, REMOTE SENSING PLATFORMS: devlops the basic set of remote sensing platfoms and presents
each mission's platform assignments.

Section 5, REMOTE SENSORS: develops the mission's remote sensor requirements and recomends necessary
sensor developments.
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Section 6, GROUND SYSTEM: develops the mission requirements, formulates alternative ground system l }
concepts, and selects the recommended ground system architecture.

Section 7, SYSTEM CONFIGURATION: presents the overall TERSSE system on the combination of platforms,
remote sensors, and a ground system; the Lead Missions concept for system evolution is described.

Section 8, RELATED ISSUES: contains the results of TERSSE related investigations into thersubjects of:
Orbit Mechanics, Cloud Cover, Resolution, Aircraft versus Satellites, and Coverage Cycle.

1.2 STUDY OVERVIEW & SUMMARY

One of the significant features of the TERSSE study is its consistent application of the fundamental systems meth-

odology to the broad ‘ERS program. As applied to TERSSE this approach consists of four basic steps (refer to

Figure 1.2-1); these steps are:

1.

2.

1-2

Determination of user needs
Derivation of mission requirements
Formulation of system requirements

Synthesis of the system design

USER NEEDS

ERS MISSION
REQUIREMENTS

TERSSE SYSTEM
‘REQUIREMENTS

( TERSSE SYSTEM
\ DESIGN

Figure 1.2-1. Task 3/4 Approach

This TERSSE task begins with the basic determination

of ""Who the users are’ {reported in Volume 1) and pro- .
ceeds to derive the TERSSE design. The esseace of ]3
this task lies heavily in the methodology used in pro-

ceeding from the 'needs' to the final system.

The zpproach taken, here as well as for all of the
TERSSE study, is to evolve a system design that will
Yoptimally" serve the identified users. This is in con-
trast to the more common approach of seeking out users
or tasks that can be served by a given system. In the
TERSSE approach the users will drive the system, not
vice~versa. This approach applies the systems method-

ology to the definition of the ERS program.

The essential thread maintained throughout this TERSSE
study is that the TERSSE concept will be founded upon
the information needs of the resource managers. This
top-down, user oriented approach is one of the essential
differences between the TERSSE study solution and that
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produced by other system studies. The TERSSE requirements are determined by first determining '"What do we

want to do in the Shuttle era ?'" and then answering '"What does it take to accomplish that ?"

The overall approach to defining the system requirements begins with the establishment of a future scenario which
will define the realm of reasonableness within which the TERSSE must lie. This scenario consiats of a series of
statements about the 1980's world in general and the 1980's Earth Resources Program in particular. Once this
realm of reasonableness is established, z set of resource management mission statement for TERSSE, rafer to
Figure 1.2-2, can be developed with a reavonable confidence that they will be achievable. These basic mission
statements (consisting of 30 missions spread across 6 resource management areas) are then defined in terms of
specific representative users with specific resource management jobs to do. It is the requirements of these re-
presentative users (a total of 285 user tasks are used to represent the 30 mission statements) which are used to
determine the Total Earth Resources System for the Shuttle Era, TERSSE. Tie hierarchy of the terminology just

discussed in formulating the mission/system requirements is summarized in Figure 1,2-3,

It is worth emphasising that the resource managementmissions used to determine the TERSSE are those which could
be reasonably expected to (1) benefit from remote sensing and (2) be operational in the Space Shuttle era. This does
pot in any way exclude those missions which may be operational much sooner than the Space Shuttle, In fact, many

of the TERSSE missions are expected to be operational, at least in part, before the 1980's.

Automated spacecraft, Shuttle sortie flights and aircraft are the basic means of gathering, remotely-sensed informa-
tion for the earth resources management functions. No single observation platform can provide all the required

information while operating within the following constraints:
1. Cost
2, Sensor power, weight, volume, thermal stability, data handling
3. Resolution, spatial and spectral
4. Frequency of observation
5. Sun illumination
6. Cloud cover

Therefore a set of seven remote sensing platforms were defined, as shown in Figure 1.2-4, from the user require-

ment data base.

For each of the TERSSE missions an assesment was made, utilizing the computerized requirements data base, of
the observation requirements and the appropriate platforms eszigned. This assignment of remote sensing platforms
is shown in Figure 1.2-5. When reviewing these assignments it should be borne in mind that they represent the
ultimate operational use of the TERSSE and do not imply that other platforms could not be used to serve a mission

in the meantime.

The examination of the TERSSE sensors begins with an analysis of the resource managers requirements as repre-

sented in the mission and system requirements data base. The data base contains the spectral and spatial

1-3
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Figure 1,2-2, TERSSE Resource Management Missions

Figure 1.2-3. Definition of TERSSE Requirements

requirements for each of 285 representative user tasks. These disparate requirements were then processed through

a sensor strategy in order to reduce the number of discrete sensors required. The result of this process is a set

of twenty spectral band families which will satisfy all of the resource management missions.

Each of 30 basic TERSSE missions were then considered with respect to their spectral and spatial requirements so

that a definite sensor assignment could be made for each mission. This process is represented in Figure 1.2-6.

The spectral requirements in the IR-thermal region are not as variable as in the lower wavelength region and can

probably be satisfied by a standardized sensor for that region.

The visible-near IR region has more variable re-

quirements which should be met with a multiband and modular design. The current state-of-the-art is such that
development of these sensors can start now with a reasonable expectation of being achieved by the 1980's.
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Figure 1.2-6. Resource Missions Assigned to Sensors

With respect to spatial resolution, a key sensor recomendation is for the developmen' of a 10 meter IFOV scanaer
from near earth polar orbit altitudes. The need for a relatively large number of spectral bands and large optics

with respec
this sensor

could begin

t to the field of view will require the utilization of advanced technology. Therefore, the availability of
should not be expected before the mid 1980's. However, with slightly reduced constraints, the design
soon for a Space Shuttle borne version which would be available by the late 1970's or early 1980's.

The analysis of the user's sensor requirements in conjunction with the state-of-the-art determination and the
driving sensor design parameters leads to the following conclusions:

1. Development of the following sensors is indicated:

a.

b‘

C.

d.

1-2 m (Aircraft)

5 m (Shuttle)

10 m (Polar and Shuttle)
30-50 m (Polar)

50-100 m (Synchronous)

2. These sensor configurations must be designed to accommodate a larger number of lpoctﬁ{bmd. and to

achieve higher spectral resolution and nar-ower band widths than are manifested in current sensor designs.

1-6
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3. Final specification of the ultimate operational sensor/mission a=signment for TERSEE will require ad-
vancement in the state of knowledge regarding: .

a. Systems level sensor feasibility/cost as a function of the number of spectral bands

b. Refined user requirements and weighting factors as to relative importance to mission success
c. Relative importance of the particular user/mission/tasks

d. Specific decisions on the assignment of one or more missions to a sensor design

In R&D operations, remote sensed data is disseminated through discrete and controlled channels to experimenters
and selected Federal agencies. As operational systems come on line, and as user requirements broaden to include
multi~disciplinary needs covering both remote sensed and other ancillary data, the data flow will increase and the
single thread R&D approach will be unable to respond. A total systems approach to the TERSSE ground system is
required to assure that the outputs of all earth resources data acquisition systems are readily accessible to all
potential users whether they be technical or non-technical, or whether they be part of Government, public, or

private agencies.

The ground system is the interface between the collection system (remote sensing platforms and sensors) and the
user community. Existing ERS systems are adequate for the present needs because these needs are experimental,
or R&D, in nature. The present needs can be characterized as being a thorough broadly oriented analysis of rela-
tively limited quantities of data. This is in contrast to the needs of the TERSSE time frame where the users will be
operational, requiring the routine and timely handling of large quantities of data (each for more narrowly oriented
analysis). The expanded definition of the TERSSE ground system used during the study is portrayed in Figure 1.2-7
and can be seen to include the elements of Ground Station, Preprocessing, Extractive Processing, User Models,

and Users, as well as the overall System Operational considerations.

Conrsidering each of the missions singularly, there is a remote sensing portion and a ground portion which together
represent the '"system' for each mission, In Section 4 of this report the remote sensing platforms are discussed
and each mission assigned to one or more specific remote sensing platforms. Similarly, the sensors are discussed
and each mission assigned specific sensors (specified as to spatial resolution and spectral band requirements) in
Section 5 of this report. The remote sensing portion of a mission's '"solution" is determined by these platforms

and sensor assignments and is depicted in Figure 1.2~8 using the Water 1 mission as an example,

The ground system element is discussed at length in Section 6 of this report. In that section and Section 3, specific
information ﬂow/proéessing diagrams are developed for each of the TERSSE missions; Figure 1.2-9 is an example

of these for the Water 1 mission.

The entire system for eacl mission is then the sum of the remote sensing portion (Figure 1.2-8) and the ground

portion (f‘igure 1.2-9), This is depicted in Figure 1.2-10 with the Surface Water Inventory mission as an example,

The TERSSE we have defined thus far is the sum of 30 separate systems each with different requirements and

serving different users who have various degrees of readiness for the operational usage of remote sensing. The

“
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- TEMP - RUNOFF
- WIND
- soiL

Figure 1.2-10.  TERSSE Operational System (Water 1 Mission)
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actual implementation of TERSSE must recognize and take advantage of those differences instead of attempting to

be a one-tuiie implementation of a singular "super system' that will serve all.

The TERSSE approach which takes these differences into account and which forms a primary mechanism for
operational system implementation is referred to as the ""Lead Missions Concept', Simply stated, the Lead Mis-
sions Concept indicates that specific Earth resources management missions will be selected and the ''system"
for implementing them will be developed as the need, technology, and user demand become available. A lead
mission will, in general also satisfy the requirements for other (generally similar or related) resource manage-
ment missions with little or no change to the specific system of the "lead mission', It is through this process
of selecting lead missions and implementing their systems that the entire TERSSE will evolve. The first early

candidate for a lead mission is the CROPSAT mission.

1.3 SYNOPFSIS OF OBSERVATIONS AND RECOMENDATIONS

Throughout the conduct of the TERSSE study many observatiens and conclusions pertinent to the Earth Resources
Survey program were obtained, This section summarizes and makes recommendations with respect to the more
significant ones. In general, each of these is discussed in more detail and greater background is provided in the
appropriate section of this TERSSE report volume. Each of these conclusions and recommendations is summar-

ized on a single page for the sake of conciseness. Note that those conclusions pertinent to other TERSSE report

volumes are contained in those volumes as appropriate; in particular, those relating to Space Shuttle are contained

in Volume 4, The Role of the Shuttle in the Earth Resources Program,

1-10

D

s

()



DIFFERENT SYSTEMS FOR DIFFERENT MISSIONS

The broad scope and wide diversity of potential uses and missions of remote sensing in the 1980's cannot be
effectively served by a single system. Rather, the Earth Resources Program of the shuttle time frame will be
composed of several relatively independent systems each with more restricé;éd disciplinary objectives and scope
than ERTS-1or Skylab.  The future systems will be more like current NOAA and DOD programs (Figure 1.3-1)
which, because of their precise scope, are able to be justified, designed, and implemented with a high degree of
benefit and satisfaction on the part of the served community. The future ER systems will also differ from today's

R&D systems by their necessary implementation as a total, end-to-end process.
The systems of the future TERSSE can be grouped into three categories:

1. Single Mission Systems - Appropriate for large, clear-cut, important, repetitive missions (e.g. world
crop survey)

2. Multi-Mission Systems ~ Optimized for one or few lead missions but beneficial to many others; some
compromise possible

3. Systems for AD HOC Missions -~ Smaller in scope; one-time or infrequent coverage, varied users (e. g.
urban land use)

The number and implementation rate of such systems (Figure 1, 3-2) is highly dependent upon their identification

and vigorous development of all elements.

ER PROGRAM TO DATE NOAA/DOD OP'). PROGRAMS # PAYING USER _ Tramnear

‘ o READY TECHNOLOGY _

- MULTITUDE OF MISS1ONS - FEW SPECIFIC MISSIONS o CONCEPT VERIFIED T
- SINGLE SPACECRAFT ~ MULTIPLE SPACECRAFT -
g SHUTTLE
- FEW MEASUREMENTS OF A - MANY MEASUREMENTS OF A
MULTITUDE OF PARAMETERS FEW PARAMETERS CROPSAT PLUS
’ POLAR 3/c
A/C, SHUTTLE
o OPERATIGNALIY GEQUIRES A PRONGUNCED MOVE % SUPPORT
TOWARD SELECTIVITY/SPECIFIC MISSI1ONS
~ SEASAT
o MULTIPLE MISSIONS = MULTIPLE SPACECRAFT _ e
/ PoLAR S/e
L]
Figure 1.3~1. Comparisons Figure 1.3-2. How Many Systems Are There ?

WIDE DIVERSITY OF ERS MISSIONS (USERS, SCOPE, IMPORTANCE, MATURITY) REQUIRE DIFFERENT
SYSTEMS FOR OPERATIONAL SOLUTION ’
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DEVELOPMENT FOCUS: TOTAL APPLICATION PACKAGES N B

The major current lin;itation to the implementation of Earth resources management systems {s the uneven readiness
of the various system elements for an application. For every application there are several system elements ranging
from the initial distinguishing characteristics to the final user model which together comprise the overall ER
system (Figure 1, 3-3). It is the lack of readiness in all elements together (especially the data processing and user

model elements) which prevents an application (even the simpler ones) from being implemented.

To overcome this problem it is recommended that major program efforts be devoted to development of total appli-
cation packages. These total packages must encompass all relevent system elements for an application and serve
as a prototype system for solving the problems of the transition into an operational status. The transitional

problems are numerous and have not yet been effectively addressed by today's R&D programs.

OTHER FLIGHT |—

HARDWARE
— SRACECRAFT ANCILLARY ANCILLARY |3
DATA DATA - 8

Ceaomonat

o NATURAL
o ARTIFICIAL

DISTINGUISHING PRE EXTRACTIVE RESOURCE
CHARACTERISTICS SENSORS PROCESSING * PROCESSING MODELS MANAGERS
DATA INFORMATION
o RADIANCE £.G., YIELD
o SPATIAL
o TEMPORAL
o CALIBRATION o MULTICHANNEL
o TRANSFORMATION  « PHOTOINTERPRETATION
e CORRECTION o AUTOMATIC
OPERATIONS TECHNOLOGY

Figure 1.3-3. Overall Earth Resources System

THE MOST CRITICAL DEVELOPMENT REQUIREMENT IS FOR DEFINING AND PROVING COMPLETE
APPLICATIONS PACKAGES
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SIGNATURE EXTENSION: IMMEDIATE ATTENTION NEEDED

The application of remoi:e sensing to resource management missions over a wide geographic area requires that
sensed signatures be extendable over large distances. Today, several training sites are required for each image
frame; this situation is at best expensive, and possibly inadequate, to operate on a large scale, The use of
standard signature banks was once thought to be theoretically possible but the achievement of signature extension
via the removal of measurable error sources appears to be the best solution (see Figure 1.3-4). Several ERS
missions (Global Crop Survey, Water Quality, and Coastal Zone Management) are nearly ready to become

operational yet are stymied by lack of appropriate signature extension techniques.

Inasmuch as atmospheric effects are the major culprit, effort should be placed on this area first. The sensitivity
to atmospheric variables is beginning to be understood; the keys must still be selected from all the variables.

Action is needed to coordinate ER Program efforts to:
1. Define atmospheric correction needs
2, Understand total atmosphere
3. Select key atmospheric parameters

4, Determine: How to measure
How to implement

14
THEGRETICALLY
TOopAY POSIBLE
)
SEVERAL SIGNATURE
TRAINING EXTENSION g.lréh?:a?RDE
SITES/FRAME BY REMOVAL OF Bae
MEASUREABLE
ERROR SOURCES :
c—
a L
a [wm] A
INADEQUATE IMPRACTICAL :
NECESSARY FOR WIDE-AREA
LOW-COST SYSTEMS

Figure 1.3~4. Signature Extension

WE MUST LEARN TO EFFICIENTLY CORRECT DATA FOR ATMOSPHERIC EFFECTS, DIURNAL AND
SEASONAL VARIATIONS. SEVERAL NEAR TERM APPLICATIONS ARE STYMIED BY THIS LACK.
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MULTIPLE PLATFORM SYSTEMS ARE REQUIRED

Not only are the several platform options open to the system designer complementary to each other. They must
also in most cases be used jointly. The analysis of mission requirements and the assignment of missions to remote
sensing platform, Figure 1.3-5, indicates that most missions individually require multiple remote platforms. The
1980's TERSSE will be comprised of seven basic types, Figure 1.3-6, of remote sensing platforms which comple~
ment each other in satisfying mission requirements. Of significance to note is the extensive use of aircraft as a

Yspot checker' to facilitate multistage statistical sampling along with the systematic surveyor platforms.

AGRICULTURE ENERGY MINERALS FORESTRY LAND USE MARINE WATER
0
3 5 = £ 4 > o
i E E ole {1z % % z
y N E £ ° z |8 o
U Leh el Lol Ll b g 12 bl el LE R B LER N |
u 2l |z a2 ] 3 %2 W laF .13 1z |3 = F
0 $lo = Iz zZ 2 u [} o Jnle 16_12 zZla. by P u
W niz2|e | s2{WX1o 5 gl zIE IEx12z|z%|w {2312 lzsie |8%|axiP2] w|3 E
@ aw usmu g4 m"'E“"su‘J J xta zwnsm:{z 2> 158Me 122 lexlyst K13, ] «lue
9 Lo l2elia )y g, =4 b4 L B E s P e e e R Y Y L B M A B R Sl
shlEUiZE e 2052|208 Eg e EER e R EE A R B B e e EH B R SR B e PR g [
HEAEA S P R e R H R B e PR e B P B PR e B e ER E R
aEl ah|Ez Analz JiEd L8l 48 zo>lvflzc|uz |2 { REMEEIPPIE Eeladi30163
S xlE< |85 Slua|adiko (x0la0|z0]2 rle<|uz 20105 ] Ola< =5 7 9
R EM N APEICE B A EF B FEA B A A EE E R EE M R BN i B EE L R BRI e I e A K
EARTH SYNG 8 Blajalals B Al A A tiB[B]|A
PREDAWN SUN A A
SYNC .
MORNING A ’ I3 A
SUN SYNC A A A ]
NoONSUNSYNC | A | A| A A ] A] A A Al A AlatalBsie | A A Als Al A Alala
SHUTTLE A 8] A Atl®B . 8
SORTIE 8 8 8 . 8 8.
NON SYNC S/C : . A A
AIRCRAFT ] ] | A A W pala Al Al e} sl [
A+ PROVIDES ALL OR MAJOR PART OF DATA NEEDS ' 13

B — PARTIAL SATISFACTION OF DATA NEEDS

Figure 1.3-5. Platform Assigament

EARTH SYNCHRONOUS T WESTERN HEMISPHERE  RAPID RESPONSE

SUN SYNCHRONOUS : GLOBAL, NOON ORBIT SYSTEMATIC SURVEYORS
« HIGH [LLUMINATION

GLOBAL - LOW TEMP
ORBIT N

GLOBAL,PREDAWN ~ THERMAL CONTRASTS
“ ORBIT
SHUTTLE SORTIE GLOBAL, TAILORED FREQUENT FLIGHTS
ORBITS
NON-SUN SYNCHRONOUS GLOBAL, TAILORED TUNED. TO EARTH
POLAR ORBIT PHENOMENON

AIRCRAFT \‘ ! REGIONAL. COVERAGE FLEXIBILITY

Figure 1.3~6. The Seven Basic Platforms

THE ERS PROGRAM MUST BEGIN TO CONSIDER AND ACTIVELY DEVELOP INTEGRATED MULTIPLE
PLATFORM SYSTEMS
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SCANNER DEVELOPMENTS REQUIRE STEADY PROGRESS

In general, the progreés of scanner technclogy development is moving ahead satisfactorily; little is required in the
realm of dramatic breakthroughs. The scanner development recommendations from the TERSSE study are sum-~

marized in Figure 1.3-7 for each type of remote sensing platform.
Some of the key points with respect to the scanner recomendations include:

1. The users spectral and spatial requirements are highly varied (especially spectral) and still relatively
poorly defined.

2., The 30-50 meter IFOV scanner for polar spacecraft is a major neas-term need.

3, The 10 meter IFOV modular scanner is a key sensor reguirement for the Shuttle - its development should
begin soon.

4. A compatible aircraft borne scanner with a 1-2 meter IFOV is required as a comparison sensor for the
shuttle and spacecraft scanners.

5. Ancillary sensors are required for signature extension; development should focus on providing accurate
measurement of atmospheric effects and for radiometric calibration,

AIRCRAFT MODULAR VISIBLE/ NEAR IR; COMMON MID, THERMAL IR
0.5uM BANDWIDTHS (OR BETTER)
1 - 2 METER RESOLUTION

SHUTTLE MODULAR VISIBLE/ NEAR IR; COMMON MID, THERMAL iR
0.05 uM BANDWIDTHS
‘50M, 10M NOW (5M EVENTUALLY?)

POLAR ULTIMATE AGGREGATED CAPABILITY ~15-18 BANDS
50M, NOW -10M, LATER

SYNCHRONOUS 'DES|RED AGGREGATED CAPABILITY ~15-19 BANDS
APERTURE MAJOR LIMIT —= OPTIMIZE FOR MAX
POSSIBLE APERTURE

SPECIAL PURPOSE PREDAWN THERMAL
WATER QUALITY
OCEAN COLOR

Figure 1.3-7. Scanner Development Recommendations

A STEADY IMPROVEMENT IN SPECTRAL/SPATIAL RESOLUTION AND SIGNAL-TO-NOISE RATIO IS
REQUIRED FOR SMOOTH PROGRAM PROGRESS. ANCILLARY SENSOR DEVELOPMENTS ARE CRITICAL
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MICROWAVE SENSORS: SOME READY, OTHERS NOT

The potential for appls;ing microwave sensors to TERSSE spans most resource management missions. The two

categories of microwave sensors considered are: (1) Grid measurers such as scatterometers and radiometers

which have a relatively large non-contiguous footprint and (2) imagers such as synthetic aperture radar. The

grid measurers and imagers generally fall into two categories with respect to the Water and Land Use resource

disciplines:

1. Relatively well understood for use over water

a.

b.

SAR 'cloud-free B & W photography"

Scatterometers/radiometers

2. Poorly understood for use over land

a.

b.

Soil moisture a major parameter

Terrain signatures for SAR

The TERSSE recommendations with respect to those sensors are shown in Figure 1.3-8,

GRID MEASURERS

IMAGERS

SYNTHETIC APERTURE

- SCATTEROMETERS -
- RADIOMETERS
WATER| @ WIND VELOCITY |
o WIND DIRECTION IMPLEMENT
o WAVE HEIGHT | - 1CE =, IMPLEMENT
o SALINITY  "==2> DEVELOP
LAND |e SOIL MOISTURE - CLOUD-FREE B&W
PHOTOGRAPHY IMPLEMENT
o SNOW DEPTH ~
DEVELOP - EXPLORATION OF
o SNOW MOISTURE REFLECTION EMISSION ™\, oo\ o
CONTENT PROPERTIES -'
(MULTIPLE
PARANETERS)
Figure 1.3-8. Microwave Sensors

DIFFERENT TECHNOLOGIES AND DEVELOPMENT STATUS EXIST FOR MICROWAVE SENSORS;
PLANNING IS REQUIRED TO EXPLOIT THOSE WHICH ARE READY AND TO DEVELOP THOSE WHICH
ARE NOT READY
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s AN INTEGRATED SYSTEMS APPROACH TO DATA GRIDS IS NECESSARY

Most Earth resources management missions have their own unique information grid scheme. This is represented
in Figure 1.3-9 by the dashed lines. The collection of remotely sensed data (shown as the circles and squares)
will usually be different from the user’s grid not only in orientation (translation and rotation) but also in resolution

or grid size,

The rapid digital manipulation of large volumes of pixels is now straight forward using special purpose hardware.
The TERSSE should utilize this technology to convert multi-source data into the user's frame-of-reference. The
actual source of the data is of no concern to the user and should be "invisible' to him; the ERS should adapt in

order to "invisibleize' the data into the user's information grid.

Figure 1.3-9. The Data Gridding Problem

MULTI-SOURCE DATA CORRELATION IS THE NEXT MAJOR REQUIRED ADVANCE IN GEOMETRIC
PREPROCESSING: FILM AND DIGITAL DATA FROM DIFFERENT SENSORS AT DIFFERENT TIMES
TRANSFORMED TO USER TAILORED GRIDS. )
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MANUAL AND MACHINE ANALYSIS ARE SYNERGISTIC

Photointerpretation usés the integrative and pattern recognition powers of the human. Automated machine analysis
uses the rapid quantitative and analytical capability of digital computers. These two techniques for extractive
processing are often incorrecily viewed as competitive alternatives. Instead, the unique features of each can be

combined into an integrated approach which synergistically utilizes the natural features of each.

Contemporary special purpose hardware (e. g., General Electric Image 100 System) can classify an entire image
in less than a second while it takes the human operator on the order of minutes to analyze the results and instruct
the machine. This situation is thus well suited for a tim= shared interactive system which can iterate rapidly
between the two modes, Figure 1.3-10. But for fuller use of the man/machine capabilities, (and in particular the

human visual channel) better display capabilities are required in future systems.

ENHANCED VISUAL INPUT

-EXTENDS RANGE

MACHINE ANALYSIS
e ANALYTICAL.

PHOTOINTERPRETATION
e INTEGRATIVE

QUANTITATIVE

QUANTITATIVE
. OUTPUT

OR
QUALITATIVE.
OUTPUT

RECOGNITION
IN CONTEXT

- TRAINING
- EDITING

Figure 1.3-10. Interactive Systems

PHOTOINTERPRETATION AND MACHINE ANALYSIS ARE NOT COMPETITIVE BUT COMPLEMENTARY
TECHNIQUES, FAST INTERACTIVE SYSTEMS ARE THE ROUTE TO THEIR JOINT USAGE.
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DATA HARDWARE TECHNOLOGY IS MOSTLY FREE

The basic hardware te'chnology for data processing and the handling of large data bases is progressing well; the
large data processing industry can be expected to continue this technology advancement without the assistance of

the Earth Resources Program. The large data base technology, with archiving and rapid access/retrieval imple-

ments, needed by the TERSSE as it grows in size and complexity will generally be available. Figure 1.3-11 con-

tains a curreatly available example of a large, rapid access mass storage archiyal and retrieval system,

Even though the state-of-the-art for data storage is relatively well advanced, see Figure 1.3-12, there is a need

for a new high density digital storage medium, This new medium must be deve)};ped to be computer compatible

with the TERSSE data processing and extraction equipment. With respect to extractive processing, the advances

beginning to become available from special purpose digital hardware (e.g., General Electric Image 100 System)

should be continued and exploited for the TERSSE. Special purpose digital hardware is frequently better suited to
the relatively routine handling of large quantities of similar data; the optimal determination of the general pur-

pose/special purpose role is a key system design factor.

|
2\
N

12 .
AN S
4% ’ 405‘ mincprica] riwrim | oic cowe | ccrs TS
w A o : cct DIGIDIG FILM FILM
I %% 4' 17 NT avaviio | oisieim OATA LINKS | DATA LINKS
5[_@‘1& Sty 5 OPER 54 <20 MBSI| ANNFILM
QAL ]
X |¢4 )% RO HODT'S HODT'S
G @ ; R e Ex
2 DIGITAL HOWR
\\ lﬁ REG . | (ERABIT)
q @ it DIG OPTICAL
3 FRST '
£XP DEMO 2]
meoR |
POSSINE
STORAGE  REPRO  INERNAL  BEWEIN  CENTER
CENTER  CENRERS 10 USER
DISTRIBUTION
Figure 1.3-11. Rapid-Access-Mass Storage Figure 1.3-12. Data Systems Storage/Repro-
duction/Distribution

System

DATA SYSTEMS EQUIPMENT TECHNOLOGY IS ADVANCING RAPIDLY WITHOUT ERS ASSISTANCE.
ERS SYSTEMS DESIGN MUST EXPLOIT BY DEVELOPING NEEDED SPECIAL PURPOSE HARDWARE -
s

AND SYSTEMS.
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DOMSATS PROVIDE A WINDFALL BREAKTHROUGH </

The cost of rapidly tra:{sfering large volumes of data from point to point via a domestic communication satellite
link are decreasing, see Figure 1.3-13. The combination of plummeting channel costs and the advent of low-cost
Earth stations make the feasibility of multi-point ex-

tractive processing an attractive possibility. Total

coverage of the United States is possible with a single

DOMSAT channel; this will allow the placement of sub- °

scribers and their extractive processors at convenient
geographic locations, The recommended TERSSE ground
system architecture utilizes this DOMSAT capability to
redistribute remotely sensed data to the sever.l Infor-
mation Analysis Centers after it has been preprocessed

and archived at a single national center,

CHANNEL RENTAL COSTS $/YR,
/

1972 1974 1976 1978 1980

Figure 1.3<13. Domsat Channel Costs

L TDRS | I DOMSAT |

o

N—— C BAND
H 6MHz
COLLECTION )
PLATFORM ﬂ
GROUND EARTH
I RECEIVER I LSTATION ]

DOMSAT ~
S - PREPROCESSOR
\ e S ARCHIVER

USER EARTH III
STATION

Figure 1.3-14. Domsat's Role

DOMSAT CAPABILITY NOW COMING INTO EXISTENCE WILL REVOLUTIONIZE INFORMATION
TRANSFER - ERS MUST POSITION ITSELF TOQ EXPLOIT THIS TECHNOLOGY
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GROUND SYSTEM: PARALLEL USER'S STRUCTURE

The architectural structure of the TERSSE ground system should be mission tailored and parallel the user's

organizational structure.

Some missions are naturally centralized (e.g. World Crop Survey); however, most have

a decentralized and geographically distributed user network, even in those with heavy Federal involvement. This

need, coupled with the recurrence of a tiered hierarchal user structure (local, district, state, regional) leads to

the recommended TERSSE ground system concept (Figure 1.3-15) of Lead Federal Agencies with distributed

system terminuses located in the facilities of the operation:al users.

The majority of t1in=lons will evolve to standard output products, routinely issued in user-oriented formats. On

the other hand, sure missions are by their very nature ad hoc; their output products are not routine and will

require greater flexibility in the user interface.

devices to complete interactive extractive processing equipment.
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o RESOURCE MANAGEMENT

PLANKING ANS
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IMPROVEMENT PROGRAMS
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Figure 1. 3~15.

The users terminal equipment will range from simple read only

e CONSISTS OF SEVERAL HIERARCHIES

— ORGANIZED BY RESOURCE DISCIPLINE
— ORGANIZED AT FEDERAL LEVEL

e TERMINUS OF SYSTEM CO-LOCATED WITH USER
ORGANIZATIONS

o TERMINAL EQUIPMENT RANGES FROM

FACSIMILE EQUIPMENT

CRT DISPLAY

TO

EXTRACTIVE PROCESSING

SYSTEMS

RAPID CALL. UP DISPLAYS

User Oriented Ground System

READ
ONLY

(NTERACT !VE)

TIES FOR REGIONAL /LOCAL MISSIONS.
AND CO-LOCATED WITH USER ORGANIZATIONS.

REGIONAL/LOCAL EFFORTS SHOULD CONCENTRATE ON DEVELOPING STRONG, RAPID-ACCESS

TERMINUS FACILITIES SHOULD BE MISSION ORIENTED

—"-;’:r‘*"'f e
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THE 1980'S ERS: AN OPERATIONS CHALLENGE

The operation of the 1980's TERSSE will represent a significantly more complex task (Figure 1.3-16) than the oper-
ation of todays more limited experimental systems. The problems associated with coordinating the operation of
several autonomus systems (e.g. ERTS, EOS, SHUTTLE, CROPSAT, SEOS, etc. ) in order to optimally serve the
users and mairtain flexibility will require new and expanded techniques, These should be investigated and developed
in the intermediate future and plans made to review and modify them as the TERSSE evolves.

The major issues effecting the operation of TERSSE can be divided into the two categories of: (i) Internal
Adaptivity and Reconfiguration, and 2) External Responsivity. Not only the operations concerned with multiple
platforms but also those which operate and coordinate multiple ground facilities and flow processes are in need
of analysis. Areas of concern include:

1. Internal adaptivity and reconfiguration

a. Multiple uses of key system elements

b. Fill from inventory vs new data

¢. Merge data from multiple sources

d. Inter-platform support

e. Accept and use in-situ data

f. Real-time use of meterological system ~ planning, processing
2. External responsivity

a. Turn on when asked - collect what's needed

b. Resolution of priorities

¢. Standing orders - special requests

d. Enable user to use multi~-source multi-time data

e. Cope with multiple reaction times
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Figure 1.3-16. Shuttle Operations Technology

OPERATING COMPLEX MULTI-ELEMENT SYSTEMS REQUIRES A SIGNIFICANT ADVANCE IN
OPERATIONS TECHNOLOGY - THE PROBLEM SHOULD BE STUDIED AS THE SYSTEMS TAKE
SHAPE,
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L SECTION 2
METHODOLOGY AND STUDY APPROACH

One of the significant features of the TERSSE study is its consistent application of the fundamental systems methodology
to the broad ERS program. As applied to TERSSE this approach consists of four basic steps (Figure 2-1); these steps

are:
1. Determination of uger needs
2. Derivation of mission requirements
3. Formulation of system requirements
4. Synthesis of the system design

The task reported in this volume begins with the basic determination of "Who the users are'" (reported in Volume 1)
and proceeds to derive the TERSSE design. The essence of this task lies heavily in the methodology used in pro-

ceeding from the "needs" to the final system.

The approach taken, here as well as for all of the TERSSE study, is to evolve a system design that will "optimally"
serve the identified users. This is in contrast to the more common approach of seeking out users or tasks that can
be served by a given system, Inthe TERSSE approach the users will drive the system, not vice-versa. This ap-

proach applies the systems methodology to the definition of the ERS program.

¢ BEGIN WITH THE BASIC REQUIREMENTS
¢ OBSERVE THE STATE-OF-THE-ART CONSTRAINTS

o DEFINE THE OVERALL MISSION REQUIREMENTS

" ERS MISSION
REQUIREMENTS ¢ TRANSLATE MISS{ON REQUIREMENTS INTO SYSTEM
REQUIREMENTS

¢ DEVELOP SYSTEM DESIGN CONFIGURATIONS

TERSSE SYSTEM o ITERATE AS NECESSARY TO OPTIMIZE
REQUIREMENTS

BASIC SYSTEMS APPROACH APPLIED TO
ERS PROGRAM DEFINITION

Figure 2-1. Overall TERSSE Methodology
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2.1 DEFINITION OF USER NEEDS

As a brief review of the' previous work (Volumes 1 and 2) leading to the start of this task, consider the methodology

presented in Figure 2. 1-1, Volume 1 presented the necessary definitions of who (users) needs what (information) in

Once these user needs are firmly extablished, the 'TERSSE study proceeded to the

the Earth resources domain.

establishment of the mission requirements reported in this Volume.

ERS MISSION
REQUIREMENTS

TERSSE SYSTEM
REQUIREMENTS

2~2

DISCIPLINE DESCRIPTIONS

- INFORMATION CLASSES
- PARAMETERS

USER ORGANIZATION RESPONSIBILITIES

~ LEGAL, BUDGETARY AUTHORITY
- RESOURCE MANAGEMENT TASKS

THE BODY OF SCIENTIFIC KNOWLEDGE

THE RESOURCE MANAGEMENT JOBS OF
THE USERS, THEIR BASIS AND

USEFUL FOR SOLVING RESOURCE
MANAGEMENT PROBLEMS

STRUCTURE

WHO NEEDS

N
( WHAT INFORMATION )
WHAT INFORMATION

1S NEEDED

\\—_-4/

DEFINITION OF
RESOURCE. MANAGEMENT
MISSIONS

BEGIN WITH BASIC DEFINITION
OF WHO NEEDS WHAT

Figure 2.1-1. Definition of User Needs
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L 2.2 DEFINITION OF MISSICN REQUIREMENTS

Once the User's Needs were established, the overall mission requirements were developed (refer to Figure 2. 2-1) E

such that when satisfied, the original user's needs will be satisfied.

The formulation of mission requirements requires an understanding of two distinct issues:

1. What the Résource Managers need to do their job,

2, What will be detectable and how.

The first issue relates to subjects such as the geographic area of concern, the timeliness and update cycie of the
information required, and the granularity of the information needed. The second issue i8 more related to the

various distinguishable characteristics of the subject or phenoma of concern. These can be grouped into general

types such as:
1. Radiance or Spectral data
2, Spatial or positional data
3. Temporal or time domain data

4. Polarization of radiation

.
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Figure 2.2-1. Definition of Mission Requirements
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2,3 FORMULATION OF SYSTEM REQUIREMENTS . J}

Continuing with the basic '"systems approach' methodology it was now possible to translate the ERS Mission Require-

ments just developed into more specific System Requirements (Figure 2. 3-1).

The System Requirements were developed by iterating possible conceptual systems and their specifications against

the two basic fundamentals of:
1. What are the realistic solutions (State of the Art)?
2. Is this an acceptable solution (user needs) ?

The result was a set of system requirements expressed in terms of the three major subsystems which when satisfied

will meet the mission requirements. The three basic subsystems are:
1. Platforms
2. Sensors

3. Ground Systems

e —— ———— e
-~ >~ -~ ~ 7 - =~
DEFINITION OF ) I'4 WHAT ARE THE Y WHAT DO THE \
STATE-OF-THE-ART \ MISSION REQUIREMENTS / ( USERS NEED /
~ AN -
S g S~o - b

STATE-OF-THE-ART INDICATES

TECHNICALLY FEASIBLE SOLUTIONS SIMULARITIES AND DIFFERENCES EVALUATED

~ MISSIONS & USERS

- PLATFORMS FORMULATE
- CONCEPTUAL - PLATFORMS & SENSORS
SENSORS SYSTEMS
ERS MISSION — PROCESSING - DATA PROCESSING & EXTRACTION

REQUIREMENTS
- GROUND SYSTEMS

WILL THEY YIELD AN ACCEPTABLE SOLUTION

WHAT ARE THE REALISTIC SOLUTIONS

SPECIFICATION OF
TOTAL SYSTEM PERFORMANCE
REQUIREMENTS

TERSSE SYSTEM
REQUIREMENTS

PLATFORMS SENSORS

GROUND SYSTEM

- SHUTTLE ~ TYPE =~ PREPROCESSING

B ~ 'POLAR S/C = RESOLUTION =~ EXTRACTIVE PROCESSING
- SYNCH S/C ~ SPECTRAL BANDS ~ USER MODELS
= AIRCRAFT ~ DISTRIBUTION

SPECIFIC SYSTEM REQUIREMENTS

l T#gSLATE THE MISSION REQUIREMENTS I

TS A e

Figure 2. 3-1. Definition of System Requirements
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2.4 SYNTHESIS OF THE SYSTEM DESIGN

The last step in the fundamental systems approach to TERSSE was the development of the TERSSE system design
(Figure 2. 4-1) based on the previously established System Requirements.

The specification of the TERSSE system performance requirements, developed over the previous sections, now
enabled specific system design concepts to be evolved and evaluated. 'This process was an iterative one and involved
the introduction of both experience and pragmatism. The pragmatism and "real world" considerations introduced at

this point included not only the technical state-of-the-art, but also such factors as:
1. Evolutionary growth
2. User readiness
3. Limited resources

The system was designed in terms of its major components; the platforms, the sensors, and the ground system.

SPECIFICATION OF
TOTAL SYSTEM PERFORMANCE
REQUIREMENTS

' ERS MISSION
REQUIREMENTS

OVERALL. SYSTEM
DESIGN

FACTOR IN REAL WORLD INFLUENCES

~ STATE-OF-THE-ART
EVOLUTIONARY GROWTH
USER READINESS

- ITIMITED RESOURCES

TERSSE SYSTEM
REQUIREMENTS

SUBSYSTEM
DESIGN AND REQUIREMENT
ALLOCATION

SENSOR
FAMILIES

DESIGN OVERALL SYSTEM TO SATISFY
THE BASIC SYSTEM REQUIREMENTS

SOME PRAGMATISM INCLUDED

Figure 2.4-1. Synthesis of the System Design
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2.5 THE SPACE SHUTTLE ROLE

Of particular interest throughout the TERSSE study was the role of the Space Shuttle., This issue was addressed
(Figure 2. 5-1) as part of the overall systems solution to the TERSSE study. In one sense the Space Shuttle is just
another remote sensing platform which will be assigned its share of the total Earth Resources problem; however,
the Shuttle is so different that its introduction will significantly effect the ERS program — beyond being just another

platform,

SPACE SHUTTLE
DESIGN

OVERALL
SYSTEM DESIGN

SPECFIC ERS
MISSIONS

" ERS MISSION
REQUIREMENTS

EXPLOIT SHUTTLE UNIQUENESS

QUICK RESPONSE

SHORT FLIGHT DURATION
RETURNABLE

MAN AVAILABLE

LARGE PAYLOADS

CANDIDATE MISSION CONSTRAINTS

- EARLY FLIGHT
~ LOW RISK
- VISABLE RETURN

TERSSE SYSTEM
REQUIREMENTS

4

SELECT A VIABLE MISSION
CANDIDATE

WHERE DOES SHUTTLE FIT IN

ROLE OF SHUTTLE PALLET
SHUTTLE IN SORTIE
TERSSE MISSION

SPECIAL INTEREST IN THE SPACE
SHUTTLE PORTION OF SYSTEM

Figure 2.5~1. Definition of Space Shuttle Role
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The role of the Space Shuttle was derived by analyzing the Shuttle design and capabilities in the context of the overall

TERSSE design. Some oi the unique Shuttle features which give it a special place in the set of operationa: platforms
include:

1. Frequent flight opportunities
2. Quick response

3. Short flight duration

4. Returnable

5. Man is available

6. Large payload potential

Due to the significance of, and interest in, the Space Shuttle role, the relevant TERSSE study results are collected
and reported in a separate report, Volume 4, The Role of the Shuttle in the Earth Resources Program.
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SECTION 3
TERSSE REQUIREMENTS

The essential thread maintained throughout this TERSSE study is that the TERSSE concept will be founded upon
traceable information needs of resource managers. This top-down, resource-management oriented approach

is one of the essential differences between the TERSSE study solution and that produced by other system studies.
TERSSE will fit a system solution to the user's needs; not select users to fit a system design. The TERSSE require-
ments are determined by first determining '"What do we want to do in the Shuttle era ?" and then answering '"What

does it take to accomplish that?"

The overall approach {o defining the system requirements begins with the establishment of a future scenario which
defines the realm of reasonableness within which the TERSSE must lie. This scenario consists of a series of state-
ments about the 1980's world in general and the 1980's Earth Resources Program in particular. Once this realm of
reasonableness is established, a set of resource management mission statement for TERSSE can be developed with
a reasonable confidence that they will be achievable. These basic mission statements (consisting of 30 missions
spread across 6 rescurce disciplines) are then defined in terms of specific representative users with specific
resource management jobs to do. It is the requirements of these representative users (a total of 285 user tasks are

used to represent the 30 mission statements) which are used to determine the Total Earth Resources System for the
Shuitle Era, TERSSE.

It is worth emphasizing that the resource management missions used to determine the TERSSE are those which
could be reasonably expected to (1) benefit from remote sensing and (2) be operational in the Space Shuttle Era.
This does not in any way exclude those missions which may be operational much sooner than the Space Shuttle, In

fact, many of the TERSSE missions are expected to be operational, at least in part, before the 1980's.

3.1 FUTURE SCENARIO

A significant feature of the TERSSE approach is the emphasis riaced on top~down requirement developments. How-
ever, requirements for a future system cannot be reasonably created in a total void. Rather they must be derived
so as to be within a ''realm of reasonableness. This realm of reasonableness is determined by establishing a scen~

ario for the future, with respect to the Earth Resources Program, within which specific requirements can be derived.

Tuture system scenarios must take into account trends in ERS information needs and developments in applicable ERS
technologies. Two other factors (Figure 3.1-1) are also of great impact. First, the world of the 1980's as seen by
recognized futurologists was taken into account. It is important that Earth Resources systems of the future address
problems of future times, and not merely address teday's resources management problems with the technology of
tomorrow. Second, Imagineering, that combination of imagination and engineering based on a thorough understanding
of needs and capabilities was applied to this creative task, = The output of this task, a future scenario, was used as a

basis for generating performance requirements within a realm of reasonableness.
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Figure 3.1-1. Approach - 1980's Scenario

A review of nearly 20 futures predictions indicates a nearly unanimous opinion that the effects of exponential growth
will be felt by all mankind before the end of the 20th century (Figure 3.1-2). Increases in population and industrial
growth will place increasing demands on the supply of resources and the ecological balance of spaceship Earth,
International trade, particularly in food, energy and minerals, will increase dramatically with the Pacific

Hemisphere Trading and Investment Area becoming increasingly important in all trading.

WORLD POPULATION
LT

¢ POPULATION OF 3.8 BILLION VS 3.2 BILLION IN'73

¢ DRAMATIC INCRFASES IN GWP, BUT U.S.A. SMALLER % OF TOTAL
¢ GROWING LIST OF CRITICALLY SHORT MINERAL RESOURCES

¢ EEC AND PAHTIA MAJOR FACTORS IN WORLD ECONOMY

¢ EXPAND ING INTERNATIONAL - FOOD - MINERALS - ENERGY - TRADE
¢ INTENS IFIED LAND USE PRESSURES

¢ ENVIRONMENTAL SURVIVAL FACTORS INFLUENCE GROWTH

¢ PRESSURF MOUNTS FOR EQUILIBRIUM VS GROWTH

o INCREASING R&D IN ECOLOGICAL SURVIVAL - RESOURCES - ENV. - SURVEY -
¢ INCREASING USE OF LARGE SCALE DATA BANKS '
o NATIONALISTIC EMPHAS IS ON RESOURCE MGT. AND WORLD TRADE
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Concurrent with increasing demands on resources, will be rapid technological advance and increasing Gross World
Product. Many nations wiil have the ability to pay for the technological sophistication need to monitor and manage

their own resources.

Increasing demand, dwindling reserves, improving technology, and better ability to pay for technological sophistica-
tion are all expected to impact upon earth resources systems of the future. The scenario for the World of the 1980's

is summarized in Table 3. 1-1 below.

Table 3.1-1, The 1980's World Scenario

Technology

An increasing use of large~scale data banks, computational capability and analytical techniques by
all sectors of the population, brought on by the massive increases in computer power and data
transmission capability of the 1970's, will be in full swing. A multiplicity of peripheral equipment
and services will be available; the use of such technology will be thought of as commonplace and
will no longer be an oddity.

Public acceptance of government~funded research and development will reach a new peak by the
early 1980's as the pendulum swings back from the technological depression of the mid-sixties

and early seventies caused by the Vietnam War. The new enthusiasm for technology will, however,
be focused on questions social, such as health, and environmental/ecological, such as pollution-
free power generation.

Economics

The U. 8. will be the largest ecoriomic power in the world but, by 1980, be only the largest of
several major powers rather than in a class by itself, as in the 1960's and 1970's. The European
Economic Commission and the Pacific Hemisphere Trading and Investment Area will be major
factors in world economy.

International trade of all types will reach a new high, with particular increases in foodstuffs.
International cooperation in agricultural production and marketing will be widespread, as the
world seeks to maximize its ability to feed itself.

Growth of the economic influence of the Middle East upon the energy-consuming world and the
energy produced trade surplus of Middle East nations wiil peak in the late 1970's. As the U.S.
begins to react tapping of new or presently unexploited sources of energy, such as the Colorado
coal fields, will begin. A major shift in the international balance of economic power via control
of energy resources will thus be imminent.




Table 3.1~1. The 1980's World Scenario (Continued) i

Politics

While Federal spending will decline in relation to the GNP, an increase in the regulation and control
of private activities will occur. The dynamics of the social issues of the seventies, such as pollu-
tion, will be becoming understood and measures will be put in place to alleviate trends thought to be
disastrous. The treatment of such social issues will thus change from a subjective crisis reaction
to a methodical analysis and control process led by the Fedezal Government,

A major realignment of power between the executive and legislative branches will have occurred in
the 1970's, with the result that more issues will be actively participated in by the general population
via the Congress. Congress will, in making such participation possible, reorganize itself and ex-
ploit new technology to permit better analysis of problems and more rapid and interactive com-
munications with its constituencies. The ease with which a citizen may vote will increase, as well
the number of issues on which he has a direct influence on the outcome.

Future earth resources systems will contain many elements which are in the planning stages today, refer to Table
3.1-2, In addition, elements which prove beneficial will be more widely applied, especially by nations and groups
with resource management needs, ability to pay, and ability to exploit the information collected. The potential for

an increasing number of ground systems, serving special needs, appears to be high.

Table 3.1-2. Elements of Future Earth Resource Systems

Programmed
Space Shuttle - EOS ~ I0S - SEOS - TIROS - SMS/GOES - SEASAT

Potential

Operational A/C integrated with space systems }
Multiple polar orbiters - USA - Japan -~ USSR - Brazil - Germany - Integrated Orbits
Special purpose systems - HYDROS, CARTOS

On-board processors - Transmit information not just data

Regional - National - International Ground Systems - Intercommunicating
Commercial Systems in place - A/C - Space - Ground Receiving - Data Processing
Global Wheat Major Food Crop Surveys - Widespread, Timely, Dissemination
Environment Monitoring - Global Extent and Source Identification

All Weather Capability, Radar Satellite

g e

Data Collection and Analysis on Request

These elements, both planned.and projected, were factored into the future system scenario. The role of Space

Shuttle in making the projections a reality received special emphasis. ; ;

The derivation of system performance requirements in Task 3 utilizes a 1980's scenario as a source of overall
guidelines and requirements. This methodology, in contrast to a parametric synthesis, is substantially more effi-

cient in the time it consumes and permits the use of creativity and broad experience in a more direct fashion.

The scenario development was oriented toward fashioning a set of short statements about the system and its configura-

tion which when considered as a whole, describes the total system and all its functions, These statements are

presented in Table 3. 1-3. : i
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Table 3. 1-3. The Earth Resources Program of the 1980's

NASA

The

NASA-sponsored research will have passed through the- intensive search of the 1970's for initial useful
applications and study of multi-spectral analysis techniques. It will be entering a new phase where
much higher level mathematics, coupled with new computational technology, sensor sophistication, and
the increased use of external data will be under investigation to provide much greater detail about the
state of the sensed resource. Integration of these techniques with predictive modelling of resource
dynamics will be methodologically common and a substantial fraction of the effort will be integrated
with resource control dynamics.

Hardware technology developments will be less tied to and constrained by infrequent flight opportuni-
ties than in the past and will thus be time~phased to provide a more uniform development (and weeding
out) process. An increase in the economic efficiency of development funds and a decrease in develop-
ment times will resuit.

Significant new sensor and applications advances will have been made through the flight of ERTS-2,
Nimbus VII, and subsequent conventionally launched polar spacecraft flights. Microwave sensing,
both active and passive, will be operational system elements. Synthetic aperture radar imagers
will have flown on a developmental shuttle sortie mission. A second generation of land, water, and
atmospheric pollution sensors will be flight-ready.

Spacecraft subsystem technology will have progressed sufficiently to permit simple onboard analysis
of imager data to extract several significant parameters and transmit them to a large number of simple
ground stations.

The first relatively simple shuttle sorties will have flown, demonstrating the utility of this flight mode
for sensor development. The role of the scientist/astronaut in such flights will have been relatively
primitive but the experience gained will have established the basis for extension of crew involvement
into higher order tasks such as onboard data analysis. Preparation for the use of the sortie flight
mode in a quick reaction surveillance mode will be underway and a standard "piggy-back" package for
use on nearly all flights will have been developed and be in use.

The development of a synchronous satellite capability for moderately high resolution (approx. 50-
100m) will have been completed and a major flight program will be underway to demonstrate the
utility of this system element and to establish the operations technology necessary for its conversion
to operational use. The spaceborne segment of this system element will have, from the start, been
designed for hand-over to an operational agency.

The use of prototype projects to perform final development of a system segment will be in widespread
use. New operational improvements will be added in complete sections, including platform, sensors,
ground processing techniques and equipment, user models, and operations procedures. Substantial
involvement by the receiving agency will be present but the prototype projects will be an essential
element of the development process and will thus be NASA-initiated.

Operational Segment

A Federal Government agency will have operated an initial ERTS-based operational system for several
years, gaining the experience necessary to assimilate new technology and to effect a major expansion
of this system. The areas of expansion will include both increases in the number of Federal bureau
"subscribers" and also more formal and extensive services to the state, regional, and local govern-
ment bureaus.

The expanded operational system will include several polar-orbiting spacecraft with different orbital
repeat cycles and ascending node times which will be tailored to the system users' requirements.
Several spacecraft will be flown with both operational sensors and those in an advanced develop-
mental stage with NASA~organized users consuming the data from the latter. ‘
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Table 3.1-3. The Earth Resources Program of the 1980's (Continued)

A substantial fleet of long-range, high-performance aircraft will be owned and/or operated by a
Federal Agency in much the same fashion us the agency operates the polar and geosynchronous
satellite system segments. The aircraft will be optimally based throughout the U. S, and other
territories of interest using existing airport facilities where feasible. These aircraft will be used
not only for operational data collection where they are economically superior to satellites but also
as elements in prototype projects. NASA and other agencies will continte to operate specialized
aircraft for sensor and applications development and for use in prototype projects not requiring
large fleet sizes.

A hierarchy of ground facilities will have been set up for operational data handling. Major Federal
facilities will be owned and operated by several heavy Federal users. Such Federal users will also
be chartered to perform preprocessing, extractive processing and distribution to designated state,
regional, and local government users, Other users will establish this capability independently in
cases where special requirements dictate.

A tracking and data relay satellite system will have been designed, launched conventionally, and
operated in cooperation with multiple polar-orbiting spacecraft to relay high-rate data to a U.S.
ground station. An increased capacity version of the spacecraft will have been designed for launch
by the shuttle and tug. The advanced system will be capable of receiving aircraft data, handling
additional spacecraft, and relaying to multiple ground stations in the U.S. Its use will be by both
developmental and operational flights.

Command and control of the data collection system elements will be centralized and tightly inte-
grated; operations will be highly flexible and adaptive. Coordination of aircraft, polar spacecraft,
and geosynchronous spacecraft will be performed by a control hierarchy which will capitalize on
the relative strengths, both in performance and economics, of the various platforms. The system
will be capable of accepting large transients in the type, quantity, and location of output product
demanded and of rapidly reconfiguring itself to respond.

Projecting future requirements and systems is hazardous, but largely unavoidable because requirements and systems
are dynamic, not static. Explicitness and completeness, without quantitative constraints, were the primary objec-
tives; the parametric process of defining quantitative performance requirements and performing tradeoffs must use
the scenario as a rigorous specification of top-level system content, form and function. The scenario presented
here describes the 1980's system which should occur if limited only by reasonable technology growth and the general

world situation,

3.2 DETFINITION OF THE TERSSE USER'S

3. 2.1 ANALYSIS OF INFORMATION REQUIREMENTS

In order to establish the TERSSE users let us briefly review some of the earlier TERSSE Task 1 results and place
them in the proper context for this task of defining the system. The complete results of the Task 1 effort are
reported in TERSSE Volume 1, entitled: Earth Resources Program Scope and Information Needs.

The major thrust undertaken in the definition of information requirements for the TERSSE was that of analyzing the
organizational needs relevant to the program., The users of the information potentially to be produced by the pro-
gram were first separated into two classes (refer to Figure 3. 2-1) to which different treatments could be applied:

major Federal organizations and other dominant organizations.

.
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ERP SCOPE

INTERFACES
CLASSIFY
USERS
1 ORGANIZATIONALLY l
PUBLIC i
SECTOR i
MAJOR o TRACEABLE ¢ HIGHLY VARIEGATED
FEDERAL o BROAD IN o SOMETIMES ANONYMOUS
SCOPE o POTENTIALLY DOMINATING

o LEGALLY-
BACKED

PRIVATE
SECTOR

OPERATIONAL INFORMATION
REQUIREMENTS
CHARACTERIZATIONS AND
EXAMPLES

DETAILED
REQUIREMENTS
ANALYSIS

o FEDERALLY-DERIVED
TRACEABLE FRAMEWORK

o SPECIAL NEEDS OF
OTHER ORGANIZATIONS

Figure 3.2-1, The Organizational Analysis

The Federal organizations provided a set of resource management-related missions which were traceable, compre-

hensive, and legally backed. This class of organization was able to be analyzed in great detail for job content and
to be specifically correlated with or described in terms of discipline information classes. Included inthe second
class of organizations, other dominate organizations, were the several elements of the public, private, and
academic sectors which could not be analyzed individually but which, when grouped and characterized by examples,
reveal substantial impact upon the earth resources system performance requirements. A detailed framework for
organizationally~based user requirements was thus derived from the Federal organizations and then modified to

accommodate the deviations from the framework imposed by the second category, other dominant organizations.

From the Federal organizations reviewed, five were selected (Figure 3. 2~2) which exccute legally established 4
resource management jobs. These five were analyzed to determine the missions of each and the functions necessary i
to carry out the missions. The analysis was structured to both provide an overall understanding of the resource :
manégement jobs carried out by the Federal government and also to provide the basis for the more detailed
resource management task analysis which followed. This analysis began with the major cabinet level Departments
and worked through to the specific resource management organization (e. g. Forest Service) and their particular

resource management functions.
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( MAJOR FEDERAL ORGANIZATIONS

NATIONAL. OCEANIC AND
ATMOSPHERIC ADMINISTRATION

"?

FOREST SERVICE

MISSION

'%P

PROMOTION OF THE CONSERVATION!

AND WISE USE OF THE NATION'S

ARMY CORPS OF ENGINEERS FOREST AND RELATED WATERSHED]
LANDS

ANIMAL AND PLANT HEALTH

FUNCTIONS
INSPECTION SERVICE

« M fAGEMENT, PROTECTION, ANDY
FOREST SERVICE DLYELOPMENT OF THE NATIONAY
AGRICULTURE RESEARCH SERVICE

FORESTS AND NATIONAL GRASS~
LANDS

AGRICULTURAL STABILITY AND
CONSERVATIVE SERVICE

RESEARCH IN THE ENTIRE FIELD
OF FORESTRY AND THE MANAGEA

MENT OF FOREST AND RELATED
LANDS

SOIL CONSERVATION SERVICE
STATISTICAL REPORTING SERVICE
ECON OMIC RESEARCH SERVICE

COOPERATION WITH STATE
AGENCIES AND PRIVATE
OWNERS TO IMPROVE MULTIPLE
- USE MANAGEMENT OF NON-
FEDERAL FOREST LANDS

EPA

BUREAU OF INDIAN AFFAIRS
¢ BUREAU OF MINES
s BUREAU OF RECLAMATION

¢ BUREAU OF SPORT FISHERIES AND WILDLIFE

GEOLOGICAL SURVEY
NATIONAL PARK SERVICE
BUREAU OF LAND MANAGEMENT

P

REVIEW CARRIED QUT FOR TOTAL
OF 42 ORGANIZATIONS WITH 220 FUNCTIONS

Figure 3.2-2, Federal Organizations: Top Level Missions and Functions

Each of the selected Federal organizations underwent a detailed task analysis (Figure 3. 2-3) oriented toward es-
tablishing the specific content of the wide variety of resource management jobs performed by these organizations,

Traceability to the Federal budget and existing statistics was maintained in the organization of the tasks.

The
primary value of the information generated lies in its comprehensiveness and depth in defining legally based,
traceable work elements related to the interdisciplinary management of a resource.

Each organization was analyzed with respect to the Federal budget statutes in order to clearly identify their legal
and budgetary authority. 'The output of this effort was a comprehensive identification of the resource management

jobs being done by the Federal Government. All of these 125 activities and 816 tasks are traceable to the budget;
where possible their statutory or governing authority was also established.

The significance of these results should not be understated.

As a result of this effort there now exists for the
Federal Government, a comprehensive set of users, each fully identifiable and traceable ag to their functions and

authority. This set, together with the major non-federal users will become both the starting point and the driving
ferce for the TERSSE design.
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. FOREST PROTECTION:

4. FORESY FIRE AND ATMOSPHERIC RESEARCH TO PREVENT,
PREDICT, AND COMBAT FIRE
b, INSECT AND DISEASE RESEARCH

FEDERAL
BUDGET

. ARTIFICIAL REVEGETATION
. CONSTRUCTION AND MA £ OF RANGE |

{11, COOPERATIVE RANGE IMPROVEMENTS

.

~

™

. ERADICATION OF POISONOUS AND NOXSDUS PLANTS

‘ o 125 ACTIVITIES & 816 TASKS ANALYZED, TRACED TO BUDGET _
Laroes o ACTIVITIES & TASKS CORRELATED TO LAWS. WHERE POSS IBLE ~—— :
L ;
R Figure 3. 2-3. Major Federal Organizations Analysis of Activities and Tasks

The analysis of major Federal organizations established the general framework for the information requirements
which need to be satisfied by the system. It is recognized, however, that there exists a host of other dominant
organizations whose tasks are likely to perturb the general framework because of peculiarities with respect to

geographic coverage, timeliness, accuracy, format, and particularly quantity of output products needed.

To keep the study tractable, other dominant organizations were analyzed collectively, instead of individually, as

was the case with the major Federal organizations. As Figure 3.2-4 shows, this portion of the user community

was treated in terms of three different sectors - publie, academic, and private. The major subclasses under each

sector were first characterized, then made specific throﬁgh the use of examples, and finally analyzed for special 7.
requirements through the use of a checklist. The resulting data were used to modify the requirements framework
established by the major Federal organization effort.

The resulting organizational analysis thus evaluated the needs of both the major Federal users and the various
other sectors of the nation which are potentially dominating in their demands on the system. A traceable, task-

oriented set of organizational information requirements has been produced as an input to the Task 3 requirements

. definition efforts.
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PUBLIC SECTOR
o OTHER FEDERAL (E.G., USCG, TVA, USN, DMA, CSRS, FAS)
o STATE/COUNTY/MUNICIPAL (E.G., CALIFORNIA, L.A. COUNTY AND CITY)
o INTERGOVERNMENTAL (APPALACHIAN REGIONAL COMMISSION)

ACADEMIC SECTOR
o UNIVERSITIES, FOUNDATIONS, ACADEMIES, INSTITUTES

PRIVATE SECTOR
o CORPORATIONS, MARKETING ORGANIZATIONS, BROKERS, SPECIAL
INTEREST GROUPS, INDIVIDUALS

SPECIAL REQUIREMENTS CHECKLIST
ACCURACY
CHARACTERIZATION _ | AREA ADDITIONS/
GRID SIZE MODIFICATIONS
TIMELINESS TO FEDERALLY
EXAMPLES UPDATE CYCLE DERIVED
TECHNOLOGICAL SOPHISTICATION REQUIREMENTS
SYSTEM CONFIGURATION IMPACT FRAMEWORK

Figure 3. 2~4. Other Dominant Organizations
3.2.2 DEVELOPMENT OF BASIC MISSION STATEMENT

In order to establish a concise set of resource management missions upon which to base TERSSE, the user needs
{discussed in the previous section) were reviewed in the context of the Earth Resources scenario. This review
process allowed a basic set of mission statements to be synthesized and established which are consistent with both

the resource management needs and the projected realm of reasonableness as established by the scenario,

The synthesis of the TERSSE missions (Figure 3. 2-5) was structured by dividing the field of resource management

into six broad hasie resource management discipline areas; these six are:
1. Agriculture
2. Energy/Minerals
3. Foresting
4, TLand Use
5. Marine

6. Water
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FEDERAL TASKS EXTERNAL
RESOURCE CROSSCHECKS
OTHER FOMINANT MANAGEMENT -EOSM RG 30
ORGANIZATION STRUCTURE -ERTS RESULTS TERSSE
REQUIREMENTS i -SEDS REPORT MISSION
MISSION -USDI STUDY STATEMENTS
CAN DO/CANT SYNTHESIS -ANN, FOD. RPT.
DO RESULTS -JSC PROG. PLAN

PRODUCT: A SET OF REASONABLE-CONFIDENCE RESOURCE MANAGEMENT
MISSIONS FOR THE 80'S SYSTEM

Figure 3. 2~5. Defining the TERSSE Missions

The basic criterion for the inclusion of 2 mission was that there be a reasonable chance of its being performed during
the time frame under consideration. Definition of the missions was based on the following inputs from Task 1 of the
study: (1) tasks of the Major Federal Organizations; (2) requirements of the Other Dominant Organizations; and

(3) assessments of the relative amenability of the information classes to remote sensing. On the basis of a review and
evaluation of these inputs in conjunction with the future scenario discussed previously, a list of 30 basic TERSSE

missions was synthesized.

In order to ensure that no important mission would be overlooked, the tentative list of missions was checked against
information contained in the JSC Program Plan, the ICCERSP Annual Report, the USDI Benefits Study, the SEOS
Report, and the EOSMRG Report.

The result of this effort is a fundamental set of 30 reasonable resource management mission statements. These

30 mission statements, organized by the six resource management disciplines, are presented in Table 3. 2-1 below.

Table 3.2-1. Basic TERSSE Missions

Agriculture

1. Survey U.S. Cropland to prepare statistical summaries and production forecasts for major crops.
2. Monitor U. S. pasture and cropland to detect and assess insect, disease, and stress damage.

3. . Survey U.S. Cropland to evaluate current farming practices and classify areas on the basis of
productivity.

4. Survey and monitor U.S. cropland to calculate short-and-long-run demand for irrigation water.
5. Survey major crops on a global basis to inventory acreage and forecast world production.

6. Survey pasture and range areas to prepare statistical summaries of forage acreages, calculate
supportive capacity for livestock, and assess current grazing practices,

3-11




Table 3. 2-1. Basic TERSSE Missions (Continued)

Energy/Minerals

1. Survey geological features to detect sites indicative of the location of mineral deposits.

2, Survey surficial thermal patterns to detect potential geothermal sources.

3. Survey waters of outer continental shelf areas to detect oil film possibly indicative of submarine
oil deposits.

4, Monitor surface mining and oil drilling operations to detect resultant environmental pollution,

5. Monitor oil and gas pipelines to detect breaks or other environmental dynamics.

6. Monitor Deepwater ports to detect and assess oil pollution.

7. Monitor powerplant operations to detect and assess thermal pollution in adjacent waters.

Torest

1. Survey and monitor forestland to prepare forecasts of timber production, classify areas according
to productive status, and assess the efficiency and ecological soundness of timber production and
harvesting operations.

2. Monitor forests and grassland/brushland areas to detect and assess insect, disease, and stress
damage.

3, Survey and monitor forests and grassland/brushland areas to assess fire potential, detect the out-
break of fire, assess the dynamics of fire, and assess damage.

Land

1. Survey and map current land use patterns within the U.S. in support of state land use planning and
the management of federal lands.

2, Survey and map the natural vegetative cover, landforms, topograpliy, underlying geology, and soil
types of the U. S, land area.

3., Continuously survey lake and coastal shoreline morophology and the navigational channels within the
coastal zone in support of shipping interests and the recreational use of coastal areas.

4. Survey, identify, and map the location of geological hazards over the U.S. land area.

Marine

1. Survey and map the physical and chemical properties of the global oceans relative to environmental
prediction for optimum ship track routing, drilling operations, and other open ocean operations.

3. Survey and map the distribution and quantity of commercial and sport fish species in U, S. coastal
and off-shore waters, their food supplies, and the appropriate environmental factors necessary to
predict future catches.

4. Monitor the health of the global oceans by surveying the source, distribution and movement of the
main pollutants in the marine environment, and marine organisms.

5., Survey and monitor hazards to navigation on the high seas, such as sea ice, icebergs, and severe
wave conditions.

¢
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Table 3. 2~1. Basic TERSSE Missions (Continued)

Water

1l

2,

6.

Survey and inventory the volume and distribution of surface and ground water to assess available
supplies for urban and agricultural consumption.

Monitor reservoir levels fo manage the release of water through hydroelectric power generation
facilities.

Survey and map great lakes ice cover and type to determine the passibility of navigational channels,
the optimum routing of lake shipping, and the accessibility of ports.

Survey and monitor the quality of surface water throughout the U. S. and surrounding coastal zones
with particular attention to lake eutrophication levels, agricultural and urban sources of water
pollution, suitability for fish and wildlife and recreational use, and levels of pollutant discharge
into the coastal zones from rivers and outfalls.

Survey and monitor surface water, snow cuver, glaciers, and ground water levels and movement
to identify potential flood conditions and to trace the movement of floodwaters.

Survey and monitor the surface water volume and indicator species of vegetation in wetlands and

estuaries to evaluate the ecological productivity and development potential of wetland areas.

3. 2.3 REPRESENTATIVE USER TASKS

To enable the detailed definition of mission and system requirements each of 30 basic TERSSE missions is represented

by several specific resource managers and their resource management tasks. These mission representatives are

referred to as user tasks. There are a total of 285 representative user tasks used to specifically define the basic

30 TERSSE missions.

As indicated by Figure 3. 2-6 the representative users include examples from both the major federal organizations

and the other dominant organizations. Referring to the Agriculture 3 mission statement shown as an example on

the figure, it is seen that there are five representative users tasks for this mission. That is:

TERSSE Mission:

Agriculture 3 - SurveyU. S. Cropland to Evaluate Current Farming Practices and Classify Areas.

User Task:
Agriculture 3.1 ~ USDA, Soil Conservation Service
Agriculture 3.2 - USDA, Statistical Reporting Service
Agriculture 3,3 - USDI, Bureau of Indian Affairs
Agriculture 3.4 - State Agriculture Department

Agriculture 3.5 - State L.and Use Departments.

Note that although the mission statement lies within the Agriculture resource discipline group the user tasks include

users from other organizations (USDI and State governments). In total, there are 285 user tasks used to represent

the 30 TERSSE missions. These are presented in Table 3. 2-2.
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NON-FEDERAL USERS
o STATE GOVERNMENTS
o PRIVATE BUSINESS

RESQURCE
MANAGEMENT DISCIPLINES

FEDERAL USER
ANALYSIS

(816 TASKS)

WATER
MABINE
FORESTRY
T ENERGY/MINERALS
| LAND

REPRESENTATIVE USERS

-

AGRICULTURE
il AGRICULTURE 3 — SURVEY U.S, CROPLAND
1, SURVEY U.S. CROPLAND TO PREPARE STATISTICAL "
SUMMARIES AND PROD UETION FORECASTS FOR MAJOR AG 3,1 USDA, SOIL CONSERVATION SERVICE
CROPS. AG 3,2 USDA, STATISTICAL REPORTING SERVICE
2. MONITOR U.S. PASTURE AND CROPLAND TO DETECT AND AG 3,3 USDI, BUREAU OF INDIAN AFFAIRS
ASSESS INSECT, DISEASE, AND STRESS DAMAGE. AG 3,4 STATE AGRICULTURE DEPARTMENTS
3. SURVEY U.S. CROPLAND TO EVALUATE CURRENT AG 3.5 STATE LAND USE DEPARTMENTS

o

FARMING PRACTICES AND CLASSIFY AREAS, .

. SURVEY AND MONITOR U.S. AGRICULTURAL DEMAND
FOR IRRIGATION WATER.

. SURVEY MAJOR CROPS ON A GLOBAL BASIS TO INVENTORY
ACREAGE AND FORECASY WORLD PRUBUCTION,

. SURVEY PASTURE AND RANGE AREAS TO PREPARE

&

STATISTICAL SUMMARIES OF FORAGE ACREAGES, 30 BASIC RESOURCE MANAGEMENT MISSIONS
CALCULATE LIVESTOCK SUPPORTIVE CAPACITY )
AND ASSESS GRAZING PRACTICES, A 285 REPRESENTATIVE USERS

BASIC MISSION STATEMENTS

Figure 3.2-6. Relationship Between TERSSE Missions and User/Tasks

It should be noted that the traceability of user requirements established in Task 1 is maintained in the 30 TERSSE
missions and the user/task data base. The combination of letters, numbers, and Roman numerals following the - f
Tederal users in Table 3. 2-2 provide an index into the comprehensive Federal user analysis of Task 1. These

designators are referenceable to Table 4. 3-1 of the TERSEE Task 1 report; Volume 1, "Earth Resources Program

Scope and Information Needs'.

3.3 USER'S MISSION AND SYSTEM REQUIREMENTS

This section presents the specific requirement of the TERSSE ugers and the translation of these mission requirements

into system requirements.
8.3.1 SPECIFIC USER REQUIREMENTS

The mission requirements were derived for each of the 30 TERSSE missions, as represented by the 285 representa-
tive user tasks. These requirements were determined by the TERSSE team together with the Environmental Research

Institute of Michigan, ERIM, (under subcontract to Generai Electric).

The requirements were developed not by the specific users themselves, but rather by persons familar with the
scientific disciplines, the 30 missions, and their objectives. The data included in the data base represents a broad-
based definition of the amount, extent, and type of information needed for an earth resources management program
in the era of the Space Shuttle. To provide the quantitative structure for defining the TERSSE architecture and
requirements, an effort has been made to consider all zspects of resource management and to provide an overall

and general view of earth observations requirements of the 1980!s,
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Table 3.2-2. Represeniative User/Mission/Tasks
AGRICULTURE OSURVEY UsSe CRBPLANDS TB PREPARE STATISTICAL SUMHARXES AND
PRBOYCTION FBRECASTS FOR MAJOR CRAPS.

1e} U:DA-ASCS'B~ SPERATIIN BF SUYPPLY ADJUSTMENT, CONSERVATIGN AND PRICE SUPPBRT
PROGRAMS

142 USDA®SRSe CRBP AND LIVESTSCK ESTIMATES
143 STATE AGRICYLTURE DEPTS.
Lo4 AGRIBUSINESS

AGRJCULTURE 2eMBNITOR eSe PASTJRE AND CROPLAN, TO DETECT AND ASSESS INSECT/
D:sEAss, AND STRESS DAMAGE.

2¢1 USDAwARS = [MPRBVEMENT 8F CRGP PRBOUCTIS®N PRACTICESs

202 USDAwSRSe CRBP AND LIVESTSCK ESTIMATES

243 USDA=PHIS» CBBPERATIVE EFFBRTS T8 PREVENT SPREAD 8F CRBP PESTS.

2¢4 USDAwJUSFS® FBREST AND RANGE MANAGEMENT

245 USD]eBLMe= RANGE MANAGEMENT

246 USDJeBlAe FOREST AND RANGE SURVEYS) DEVaLOPMENT BF MANAGEMENT P ANS
(< 207 USDIeNPS IBy= FOREST MANAGEMENT
L 248 STATE AG DEPTSe
2+9 AGRIBUSINESS
2040 RANCHERS

AGRICULTURE 3e¢SURVEY UsSe CROPLAND T9 EVALUATE CURRENT FARMING PRACTICES AND
CLASSIFY AREAS 8N THE BASIS 3F PRSDUCTIVITYs

301 USDASSCS=1A7

3:2 UYSDA#SRS= A2, A3 =ESTIMATES 6F PRODUCTIEGN ETCes CONDUCT BBJECTIVE
MEASUREMENT SJURVEYS

393 YSDleBlA=lEL~ LAND=USE PRACTICES T8 CONTRIL EROSIGN AND PROMBTE MORE
EFFECTIVE USE BF S81, AND WATER RESBURCES:

344 STATE AGs DEPARTMENTS
3¢5 STATE LeJe DEPARTMENTS
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Table 3. 2-2. Representative User/Mission/Tasks (Continued)

AGRIGULTURE 4+SURVEY AND MBNITBR JeSs CRBPLAND TB CALCULATE SHBRT AND | BNG
TERM DEMAND FBR JRRIGATED WATERe

bl
42
4¢3
bek

45

beb

JUSDIeBR []law BPERATION BF PROJECTS FOR IRRIGATION, POWERs MUNICIPAL AND
INDUSTRJAL AATER SJUPPLIES:

USDIeRi,M 1A43=DETERMINE NEED AND DEVELBPMENT AF PygLIC LAND RESGYRCES,
IMPRBVE WATER QUALITY,AND AVB1D PBLLUTIAN OF WATER.

USDA=SCS Vs WATERs WATERSHEDs AND FL88D PREVENTION OGPERATION,

JUSDA»ARS JAL1G~ INVESTIGATIBNS 79 IMPROVE SB1|, MANAGEMENT, STUDY HYDROLOGIC
PROBLEMS. .

STATE REGe WATER BBARDSe
AGR]BJSINESS

AGRTCULTURE 5o SURyEY MAJOR CRBPS BN A GLBBAL RAS|S TB INVENTBRY ACREAGE AND
FBREGAST WBRL,D PRBDJCT]BNe

51}

52

5¢3
Sed

USDA ERS C2« FBREIGN ECBNSMIC ANALYSIS 8N SJPPLY AND DEMAND AND TRADE IN
FARM BRADUCTS AND EFFECTS 8V UeSs EXPORTS, ETCe

USDA»SRS A2,3~ CONDYCT B3JECTIVE MEASUREMENTS SURVEYS) PREPARATIONS OF
BFF ICTAL ESTIMATESS

UNeFAQ»
AGRIBUSINESS

AGRICULTURE 6eSURVEY PASTJRE AND RANGE AREAS T3 PREPARE STATISTICAL SUMMARIES
BF FORAGE ACREAGEs CALCULATE SJPPBRTIVE CAPACITY FIR LIVESTOCKs AND ASSESS
CURRENT GRAZING PRACTICESe

601 USDA®FS TAla MANAGEMENT 3F 154 VATIBNAL PARKS AND 19 NATIONAL GRASS| ANDS4

6e2
643
61k
6e¢5

1ed

USDIeB,Mw|AZ= RANGE vANAGEMENT

USD1#BIA [ALs4e FOREST AND RANGE SJRVEYS
STATE AGe AND NATs RESe JEPTS,

RANCHERS

ENERGY/MINERALS 1eSURVEY GESLBGICAL FEATURES T® DETECT SITES INDICATIVE 8F THE
LOCATIBN BF MINERAL DEPBHSITS

JSGS~18 = RESPONSIBILITIES JNDER MINING AND MINERALS PBLICY ACT OF 4972

102 YSGSeIBe RESPANSIBILITIES JNDER MINING AND MINERALS POLICY ACT 8F }972

A



l.u. : Table 3. 2-2. Representative User/Mission/Tasks (Continued)

1¢3 USGSe]VeBe2 « MINERAL RESSURCES
194 USGSeVIsAe2 =« MINERAL LEASE MANAGEMENT F3R FEDERAL AND INDIAN [ ANDS
1¢5 BU MINES lshenea = STYDY BF PHYSICAL NATJRE O8F ROCK STRUCTURE

106 BU MINES leBebeF » MINERAL SURVEYS BF LANDS INCLUDED B8R CONSIDERED FOR
INCLUSIBN IN THE NATIONAL wI1LDERNESS CENSERVATION SYSTEM

1¢7 STATE GEOLBGICAL SJRVEYS 8
108 BIL COMPANIES '

1+9 MINING COMPANIES

ENERGY/MINERALS 20SURVEY SUIFICIAL THERMAL PATTERNS T8 DETECT PBTENTIAL
GEBTHERMAL SBJRCES.

203 USGSeleCe3 o DEFINITION SF KNOwN GEBTHERMAL RESBURCE AREAS
242 USGSelsCeb » RECONNAISSANCE EXPLORATION 8F JoSe FOR GESTHERMAL RESOURCES i
2¢3 BUREC»1+3¢3 « GEBTHERMAL INVESTIGATIONS
204 AEC

1;,} 2¢5 POWER COMPANJES

ENERGY/MINERALS 34SJRVEY NATERS BF BUTER CONTINENTAL SHELF AREAS T8 DETECT 61
FILM POSSIBLY INDICATIVE B8F SUSMARINE 91, DEPBSITSs

391 USGSelVeCel = INVESTIGATIONS, GEBLBGIC MAPPING AND RESBURCE APPRAISALS OF
CONTINENTAL SHELF AREAS

3e2 USCG/DOC
3¢3 STATE GESLOGJCAL SURVEYS
304 8]L COMPANIES

ENERGY/MINERALS 4+MENITOR SJRFACE MINING AND 91 DRILLING BPERATIONS T6 DETECT
RESULTANT ENVIRBVMCNTAL PBLLJTIAN,

4ol USGSwIVeAsleC « DEVELSPMENT 8F LAND USE INFIRMATIAN SYSTEMS
492 USGSe]VeAes24D = SURVEY AND INVESTIGATIINS

4¢3 BLMeleAeleB o DEVELBPMENT 5F ECANGMIC AND MIRE EFFICIENT METHBDS 8F
CONVERTING ZBAL T9 CLEANIR Evrqu FORMS

P
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4a5

beb
407
4eB
493

Table 3.2-2. Representative User/Mission/Tasks (Continued)

N

BLMe]oAeBeE » ANALYZE EXISTING 9CS PIPELINE T8 IDENTIFY POSSIBLE DAMAGES T8
ENVIRBNMENT T8 DETERMINE W8W B4 RIGHT=8FwwAY REQUIREMENTS SHBULD BE
STRENGTHENED

BlEM-ESA.s » TECHNICA, AND CIMPLIANCE EXAMINATIONS FOR NEw ONe3HORE MINERAL
LEAS

BUMINES » l,ge4 w

BUMINES~IlA = DRAINAGE 8F AVTHRACITE MINES

EPAeC ENFORCEMENT ‘
08C/USCa

4910 MINING CBMPANIES

4¢1191L COMPANIES

4+32STATE NATe RESe DEPTS,

ENERGY/MINERALS S+MBNITBR BI|, AND GAS PIPELINES T8 DETECT BREAKS BR OTHER
ENV]IRONMENTAL DYNAYMICS.

5e%

5s2

5e3
Seé
5.5
546
S5e¢7

USGSeV]seAel4C » INVESTIGATIONS, GEBLBGIC MAPPING AND RESBURCE APPRA;SALS 8F
CONTINENTAL SHELF AREAS

BeMe]eAs7eE » EVALUATION 8F BVERALL ENVIRONMENTAL EFFECTS OF AASKA )
PIPELINE AND ATTENDANT FACIRITIES . D

BLMelsAslen

BuMe]aAyB8eD

BUMINESe[eAs24C

STATE PyUBRIC SERVICE CBMMISS18v
PIPELINE CBMPANJES

ENERGY/MINERALS 6¢MENITBR DEEP WATER PIRTS T8 OETECT AND ASSESS 81L PBLLUTION

3-18

6ol
6e2
603
6ok

645

D8C/VUSCS

EPAeC

PORT AJTHBRITIES

STATE ENVIRONMENTAL 3JALe DEPARTMENT
SHIPPING CBMPANIES
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Table 3. 2-2, Representative User/Mission/Tasks (Continued)

ENERGY/MINERALS 7+MBNITBR POWER PLANT BPERATIONS T9 DETECT AND ASSESS THERMAL
POLLUTIBN IN ADJACENT wATERS.

7e}
72
73

7eé
75
Teb
77

FOREST

PRODVCTION, CLASSIFY AREAS ACCBRDING T8 PRBDUCTIVE STATUSs AND ASSESS THE
EFFJCIENCY AND ECBLBGICAL SIJUNDNESS 8F TIMBER PREDJCTION AND HARVESTING

BSFWeleDekeA o SURVEILLANCE AND INVESTIGATIIN B8F gNVIRONMENTAL, DEGRADATIGN
INVBLVING WATER PBLLYTIONS

BSFWeleGeDS » MONITORING 9F ENVIRONMENTAL WELLeBEING 6F FISH RESBURCES AND
THEIR HABJTATS [N LARGE RJVERS

BSFWelelel w ENVIRONMENTAL IMPACT STUDIES F3R WATER RESBYRCE PRBJECTS,
FACILITIES, CONSTRUCTION, DREDGINGs, ETCa

EPAw]eBe2eC » WATER POLLUTION ABATEMENT AND CANTROL
EPAC

v

STATE DEPARTMENT NATJRA| RESBJRCES
POWER COMPANIES ¥

1+SURVEY AND MBNITBR FBREST LAND T8 PREPARE FORECASTS 8F TIMBER

8PERAT] NS,
1e1 BJA 1 AL=FBREST AND RANGE SYRVEY
102 BJA 1 A2e DEVELOPMENT OF MAVAGEMENT PLANS [N ACCBRDANCE WITH PRINCIPLES
- BF SUSTAINED YIELDe
193 BLM JA3e FBRESTRY
1ed BLM ]V Be FIREST DEVELBPMENT AND PROTECTION (BREGEN AND CALIFBRNIA)
105 USFS [33A® MAINTAIN SUSTAINED YIELD AT ®EAST cOST
106 USFS [34A» [NVENTSRY AND APPRAISE CONDITION BF FBRESTRY
197 SRS 1A3e PREPARATISN AND 1SSUANCE 8F BFFICIAL NATIONAL ESTIMATES
198 STATE AGe/F3Rs DEPTS.
149 TVA , 4

1410 LUMBER C8'sS :

FBREST

2eMONITBR FIREST AND GRASSLAND/3RUSHLAND AREAS TB ASSESS INSECT,

PDISEASEs AND STRESS DAMAGE.

2ei
2¢2
23

B1A [A7« FOREST AND RANGE FIRE DETECTIIN AND PRESYPPRESS]BN
NPS |B1A= CONTROL 8F EX3TIC INSECTS AND DISEASES
BWM IV3a FBRIEST DEVELSPMENT AND PROTECTISN (BREGBN AND CALIFORNIA}
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Table 8. 2-2. Representative User/Mission/Tasks (Continued)

204 USFé JAhe INSECT ,AND DISEASE CHNTROL IN TIMBER AREA
205 USFS | B2Be [NSECT AND DISEASE RESEARCH

206 STATE FORESTRY DEPTes IVA, LUMBER I NE

207 TVA

2¢8 LUMBER COMPANIES

'

FBREST 3+SURVEY AND MBN]TOR FOREST AND GRASSLANDS/BRUSHLANDS AREAS TG ASSESS
FIRE POBTENTIAL, DETECT THE 2JTBREAK 8F FIRE, ASSESS THE DYNAMIGS 8F FIRE AND
ASSESS DAMAGE.

3¢] BlA 1A7» FBREST AND RANGE FIRES DETECTIRmN AND PRESUPPRESSIONs

392 BJA IC1eSUPPRESSIBN 3R EMERGENCY PREVENTION 8F FIRE 6N B8R THREATENING
INDIAN RESERVATION

313 BIA IC2e EMERGENCY REMABILITATION 8F BURNED=BVER AREAS

3¢4 NPS 1B2+ FIRE PRBTECTION SERVICES AND IFHABILITATION O6F BURNED AREAS
3¢5 BLM 1ASe FIRE PROTECTIGN

346 %LM 1A 127 PUBLIC LAND FIRE PRBTECTISN

3¢7 BLM ICie PRESJPPRESSION AND SUPPRESSION 8F FIRES HRIGINATING 3N, OR
JEBPARDIZING PUBLIC LANDS

308 USFS [A3= FIREST FIRE PRITECTION \_h
3+9 USFS 18 2¢ FOREST PROTECTISY
3440 STATE FORESTRY DEPT.

3ely TVA

3042 LUMBER CBe1S

LAND 3+¢SURVEY AND MAP CURRENT LAND USE PATTERNS W]THIN TH{E UeSe IN SUPPORT 8F
STATE LAND USE PLANNING AND THE MANAGEMENT 8F FEDERAL, LANDSs

1e1 JSGS [A3» CHURDINATISN BF GEBLBGIC, HYDIRABLUGIC AND TOPOBGRAPHIC DATA

$e2 USGS IIl B= RESEARCH SN CBLLECTION, PRBCESSING AND PRESENTATION BF
ENVIRONMENTAL ‘AND NATJRAL RESSJRCES DATA,

143 BSFW IH3» #JLD LIFE ENHANCEVENT
$e4 NPS ICls COIPERATIVE ACTIVITIES
105 BLM 1Ale LAND AND MINERALS MAVAZEMENT



Table 3, 2-2, Representative User/Mission/Tasks (Continved)

106 BLM 1@6. RECREATIBN AND WILDLIFE

1¢7 BhM 1Al3e PyBLIC LAND INVENTBRY AND ENVIRBNMENTAL ANALYSIS
108 BR | A3e BASIN SURVEYS

149 SCS V! Al® AGRICULTURAL WATER MANAGEMENT

1+10 USAC E 1A3e CBMPREHENSIVE RIVER BASIN

1914 USAGE [BS5e Fi,B8D PLAIN MANAGEMENT

1042STATE LAND JSE AGENCIES '

LAND 24SURVEY AND MAP THE NATURA| VEGETATIVE CBVER, LAND FORMS TOPBGRAPHY.
uwDERuvaG GEB,8GY, AND SBIL TYPES 8F THE UeSe LAND AREAs

2e1 USGS Il]B+» RESPONSIBILITIES
2e2 YSGS [V Ale DEVELOPMENT BF LAND USE INFA, SYSTEM

243 YSGS 1VC1s INVESTIGATIONS GEBLSGIC MAPPING AND RESSURCE APPRAISAL of
CONTINENTAL SHELF AREAS.

2e4 NPS [Cle COBPERATIVE ACTIVITIES

245 BSFW D3v ANNUAL SURVEY T3 DETERMINE ABUNDANCE, DISTRIBUTION AND TRENDS OF
Er MIGRATBRY GAME BIRD PSPULATIBN. ‘

o 2e6 BSFWelF1e WATER FBWL, MANAGEMENT RESEARCH
2¢7 BLM lAbe RECREATI®N AND WILDLIFE.
208 BR 1Ale RECINNAISSANCE BF WESTERN UeSe WATER PLAN
2¢9 BR [A2w RECINNA]SSANCE STJDIES 8F SPECIFJC PRBJECTS
2+10 BR A3 = BASIN SURVEY
2e1) BR ID3 = WATER RESHJRCES PLANNING AND ENGINEERING RESEARCH
2032 SCSelA2= PUSLICATIBON 8F S8IL SURVEY WITH INTERPRETATION
2¢13 SCS 11 Ale COMPREHENSIVE FRAMEWORC SURVEY

2415 USACE"H

2e14 SCS V All= 58IL AND WATER CONSERVATION
QUATIC PLANT CINTRSBL

& 2¢16 STATE DEPTs NATe RESes=

LAND 34CONTINJBJUSLY SURVEY LAKE AND CBASTAL S42RELINE MBRPHBLOGY AND THE
NAVIGATIONAL CHANNELS wITHIN THE CSaSTAL ZONE IN SJPPBRT BF SHIPPING INTERESTS
AND THE RECREATISNAL USE BF COASTAL AREASs

=, '
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Table 3.2-2. Representative User/Mission/Tasks (Continued)

S
304 NOAA [B2w NAUTICAL CHARTING
302 NBAA I1Bé4e COASTAL ZONE MAPPING AND SERVICESs '
303 USAGE 1A2e 3EACH ERBSISN CONTRSL | -
34 USACE 11Ce BEACH ER8S]BN CBVTRBL PRBJECTS ' |
3¢5 STATE NATe RESs
346 USACE 118* NAVIGATIBN PROJECTS

%Q2°uf§?UfXEE'AéEETT‘FY' AND MAP THE ,SCATION OF GEBLBG]CAL HAZARDS BVER

hei USGS TA1s1Ials1vAZIIVCR,LIVES
442 STATE NATe RESe DEPTe '
413 BeE P
kok INSURANCE C8e
4+5 RED CROSS ,
4s6 USD] BRID2e ATMESPHER]C WATER RESBURCE MANAGEMENT PRBGRAM !
497 USD1e NPS 1Ale MANAGEMENT 8F PARK AND INTERPRETATION OF NATIONA| PARKSS ]
4e8 STATE DEPTs NATs RESe ’ ! ‘3

3-22

4e9 INSe CB'S RED GRSSS
4230 SKI RESBRTS

40341 USGS 1yAZ,3- EVALUATION AND PROJECTION BF WATER RESOURCES) COORDINATION
BF GEOLBGIC, HYDROLBGIC, AND THPBGRAPHIT DATA.

40342 STATE DEPT. OF NATe RESs

4013 B4EP

bely USGS=IVA 2~ SURVEY AND INVESTIGATIONS MF EARTH HAZARDS

4el5 BEP, INSURANCE CBSs RED CRBSS, STATE NAT, RESe DEPTSes STATE HIGHWAY DEPTS.

4916 USACE=]1 Di=~ CoONSTRJICTIZN BF RESERVBIIS FOR FLBBD CONTRBL, AND BTHER
PURPBSES

4017 INSURANCE CBSe ; MINING CB35.
4218 BM IASsMINING

4013 USGSe 1A}IDENTIFY EARTA HAZARDS 1VA2= SUIVEYS AND INVESTIGATIONS 8F EARTH
HAZARDS ‘




A AR S . e SRR s

i gl

Table 8.2-2, Representative User/Mission/Tasks (Continued)

4u2Q INSURANCE CB'S) STATE NATs RESs DEPTs
4e21 INSURANCE CB'S; MINING CB'S
4e22 USACE 1101e FLBBD CANTRBL PRBJECTS.

MARINE 7 «SURVEY AND MAP THE PHYS]CAL AND CHEMICAL PROPERTIES OF THE GLOBAk
OCEANS AELATIVE T8 ENVIRBNMENTAL PREDICTION FOR BPTIMUM SHIP TRACK RBUYING,
PRILLING BPERATIENS, AND BTHER BPEN BCEAN BPERATIUN,

1e1 USGS IV C2+ STUDIES 8F SEDIMENT MBVEMENT, SJUBMARINE SLOPEs ETCe

102 NBAA 132w NAUTICAL CHARTING '

1+3 NOAA 1B3e MARINE GEBGRAPHYSICA, MAPPING AND SERVICES

Lok NDAA 134eCBASTAL ZBNE MAPPING AND SERVICES

145 USACE ICF* COASTAL ENGINEERING R #+ D

196 STATE DEPTe MAT. RES,

MARINE 3+SURVEY AND MAF THE DISTRIBUTION AND QUANTITY 8F COMMERCIAL AND. SPARY
FISH SPECIES IN THE UsSe CBASTAL AREA AND BFFSWSRE WATERS, THEJR FB8D SUPPLIES,
AND THE APPROPRIATE ENVIRBNMENTA|, FACTORS NECESSARY T8 PREDICT FUTURE CATCWES:

3¢4 NBAA 1Dje RESOURCE ASSESSMENT

3¢2 NBAA IID [Bw SURVEY DATA PROICESSING ANALYS]S AND DISSEMINATIBN,

343 NBAA IID IBe SURVEY DATA PRICESSING ANALYS]S AND DISSEMINATION,

3e4 NBAA IID IBe SURVEY DATA PROCESSING ANALYSIS AND DISSEMINATISN.

3¢5 NDAA I1B 2Be VAVIGATION CHARTING

36 CBASTAL STATES BYRs BF FISHING

3¢7 COMMs + SPBRT FISHING, IND

3¢8 GTe |AKES STATE BURe BF FISHING

3¢9 GTe LAKES FISHING INDJSTRY

MARINE #sMONITBR TWE HEALTH 9F THE GLSAAL SCEANS BY SURVEYING MARINE BRGAN]SMS,
AND BY SURVEYING THE SBURCE, DISTRIBJTIBN, ANz MBVEMENT OF THE MAIN PBLLUTANTS
IN THE MARINE ENVIRBNMENT -

4sl USGS IV Ch= STUDY OF DISTRIBUTION AND MAVEMENT 9F TRACE ELEMENTS IN MAJR
ESTUARIES
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Table 3. 2-2. Representative User/Mission,/Tasks (Continued)

402 USGS VBee DATA CBLLECTION STUDIES 8F CJRRENTS AnND D]SSOLVED AND SUSPENDED

SBL DS BF SPECIFIC ESTUARIES.
4¢3 USDIeNPS JALe MANAGEVMENT 3F SEASHBRES AND LAKE SHORES

heb USDI=BSFA 1] 4Ce ALASKA PIPELINEs MARINE TEIMINAL STUDIES IN PRUDHEE BAY AND

PRINCE Wil 1AM SBUND

445 USDle BSFW II]le DETERMINE CONDITISN OF WASITAT INCLUDING EFFECTS OF
PBLLUTIENY

496 NOAA 11 B5As GREAT LAKES RESEARCH

4s7 NOAA 11 B 28« RESEARCH 8N STRUCTURE, VELBCITY, AND EXTENT 8F OCEAN CURRENTS
Te FACILITATE BETTER PREDICTION OF WATER, HEAT, PgLLUTANTSs PLANKT@Ns AND FISH

TRANSPBRT »
4e8 EPA 1B2e WATER PBLLUTION ABATEMENT AND CONTRB|,

4¢9 USACE A4~ SPECIAL STYDIES To RESBLVE JUNIQJYE BR ESPECIALLY CBMPLEX WATER
RESOURCES PROBLEMSs

4030 GCOASTAL STATES WATER RESBURCES CBMM.
4444 GREAT LAKES STATES NATER RESOJRCES COMM,

MARINE Se SURVEY AND MBNITBR HAZARDS 789 NAVIGATION 8N THE H]GH SEAS, SUCHM AS
SEA ]CEs ICEBERGS, AND SEVERE WAVE CONDITIGNS,

5ey NBAA [A7= MARINE ENVIRBNMENT FORECAST

Se2 NBAA IA77 MARINE ENVIRONMENT FBRECAST

5¢3 GREAT LAKE STATES

Se4 GREAT LAKES STATESs COASTAL STATES NAVe COMM,
5¢5  ALASKA, MARINE NAVIGATION CoMM.

WATER {¢SURVEY AND IVWENTBRY THE yBLUME AND DISTRIBUTIBN BF SURFACE AND GRAUND
WATER T8 ASSESS AVAlLABLE SUPPLIES FBR URBAN AND AGRICULTURAL CBNSUMPT}ONe

1e1 USACE lA4e SPECIAL STJDIES Te RESBLVE JNIGVE WATER RESBURCES PROBLEMS
192 USDI~BIA={AGe BPERATION AND MAINTENANCE 8F ,IVESTOCK AATER FAGILITIES
143 ARSw1AlGe IMPROVE SB8ILs STJDY AYDRBLBGIC PRBBLEMS

$04 SCS I1IA » SMALL AATERSHED PROJECT INVESTIGATIONS AND PLANNING

145 SCS VA= GREAT PLAINS CHNSERVATISN PRBGRAM

146 SCS I1Ale COMPREMENSIVE FRAME wARK SJRVFYS -

Nz



Table 3. 2-2. Representative User/Mission/Tasks (Continued)

1907 SCS 11A2e CSMPREHENSIVE DETAILED SURVEY

$¢8 SCS 11A3e COOPERATIVE RESHBJRCES STUDIES NITH STATES AND LBCAL ORGANJZATIONS,
409 USGSe]A2«EVALUATIBN AND PRBJECTIBN WATE? RESOURCES

1040 NPS JC2e LAND AND WATER RESBURCES STUD,ESs

1041 BR [D1A= WATER SUPPLY AJGMENTATIBN AND CONSERVATION

1012 SCS 1B2 = SNOw SURVEY T8 DEVE,.BP STREAY F.94 FORECASTS |N WESTERN STATES

1943 SCS 1VA3=» AGRICULTURAL ANATER MANAGEMENT

1414 SCS VIA3» CARRY 3JT CONSERVAT{SN MEASJRES FBR WATER SHED PRETECTISN AND
FLBBD PREVENT]ON.

1015 USGS VA2" REGIBNAL IESOBJRCE APPRAISALS INCLUDING GREUNDeWATER STUDIESs
1036 BLM 1A4 » SBIL AND WATERSHED CINSERVATIEN '
1417 BR IAbe REGIBNAL PLANNING SERVICE

1018 BR ID 16® WATER QUALITY MAVAGEMENT STJSIESs

1019 USFS 1Ble FOREST AND RANGE MANAGEMENT STYDIES

3920 BR 1A2 « RECONNAISSANCE STJDIEZS 6F SPECIFIC PRBJECTS DEALING WITH ASPECTS
8F MULTIPURPOSE DEVELBPMENT

1024 BR IA3e BAS]N SURVEYS

1922 BR ]D1A= WATER SUPPLY AJGMENTATIBN AND CHNSERVATION
1423 SCS V Aw» GREAT PLAINS CINSERVATIBN PRBGRAM

1924 STATE WATER RESe AGENCY

1+25 AGRIBJSINESS

WATER 2+MONITBR RESERVAIR LEVELS T9 MANAGE THE RELEASE 6F WATER THROUGH
MYDROE|ECTR]C PBAER GENERATSR FACILITIES.

2+1 BRelA2» RECINNAISSANCE STUDIES 9F SPECIFIC PRIJECTS (MULT]ePURPBSE)
DEVEL3PMENT

2e2 B8SFw Ille ENV]RONMENTAL IMPACT STUDIES
293 TVA

2¢4 STATE PBAWER COMM.

295 STATE 4ATER CHMM.

2+6 POWER CB'S

3-25

P S



3-26

Table 3.2-2. Representative User/Mission/Tasks (Continued)

WATER 3+SURVEY AND MAP THE GREAT LAKES!' JCE CSVER AND TYPE T8 DETERMINE THE
PASSIBILITY 8F NAV[GATION CHANNELS: THE SPTIMJY ROUTING 8F LAKE SHIPPING, AND
THE ACCESSIBILITY 8F PBRTS
3¢1 NBAA Il 32Be RESEARCA 8N STRUCTJRE, VELACITY, AND EXTENT 8F BCEAN cuaasvr T8
FACILITATE BETTER PREDICTION HF WATER, HEAT, PBLLUTANT, PLANKTENs AND F]SH
TRANSPBRT
342 CG 100 C»
343 STe LAWRENCE SEAWAY (8.
304 GTe LAKES STATES DEPTe O9F COMMERCE

3¢5 SHIPPING IND+

WATER &eSURVEY AND MBNITOR THE JUALITY 8F SJURFACE WATER THREUGHBUT THE UeS, AND
SURRBYNDING CBADTAL ZONES WITH PARTICJLAR ATTENTISN TB: LAKE EUTROPHICATI®GN

LEVELS) AGRICULTURAL AND URBAN S9JRCES B8F WATER PILLUTIBNS SUITABILITY FOR

RECREAT]BNAL JSE#+ FISH, AND WILDLIFE, LEVELS 9F POLLUTANT DISCHARGE INTO THE

CAASTAL ZBNESs
4o} NPS 1Ale MANAGEMENT BF PARKS AND OTHER AREAS
402 NPS [C2e LAND AND WATER RESBURCE STUDIES (ACQUISTISN PROGRAM) P
493 USGS 1A2» EVALUATION AND PRIJECTIBN B6F WATER RESOYRCES |

heh USGS VAle ACQUISITIBN, ANALYSIS, STBRAGE, AND DISSEMINATION OF DATA BN .
STREAM FLOWe J

4¢5 BSFW IF) » FISK ECBSYSTEM RESEARCH

4eb BSFW ll2e SMALL WATER SHED PRBGRAM

497 BLM [A4w SBIL AND WATER SHED CONSERVATION

4¢8 BR 1ARE~ WATER QUALITY CINTRBL

4¢9 BR JA3= 3ASIN SYRVEYS

4e10BY RECw IDIC» wATER ESBJRCES PLANNING

4ely SCS II] Aw SMALL WATER SHED PRSJECT INVESTIGATIONS AND PLANNING
4e12 SCSIV A7= POLLUTION ABATEMENT THROUGH STREAM FLBs REGULATIEN
“013 EPA [B2= wATER POLLJTIOGN ABATEMENT AND CHNTRSL

4boly JSACE [A4e SPECIAL STUDIES T RESILVE UNIUWJE BR COMPLEX WATER RESOURCE
PRBBLEYS

4el5 USACE [B%4e [NTERNATIINAL wATER STUDIES
4s16 STATE WATER RESe CB4Me
o017 STATE PUSLIC HEALTH COMY.

A AT
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Table 3.2-2, Representative User/Mission/Tasks (Cextinued)

WATER S5+SURVEY AND MBVITBR SURFACE WATER, SNOA COVER, GLACIERS,AND GROBUND
WATER LEVELS AND MBVEMENT T8 IDENTIFY PBTENTIAL FLS8D CBNDJTIONS AND T8 TYRAGE
TWE MBVEMENT BF FLBOOWATERS,

501
Se2
503
Se b
545
56
5e7

5¢8
5¢9

USDIw»GS VB4e FLOBD "HAZARD MAPPING

SGS Il4e FL,30D HAZARD ANALYSES 8F INDIVIDYAL CIMMUNITIES
SGS Il4w FLBOD AHAZARD ANALYSES 8F INDIVIDUAL COMMUNITIES
SGS IV A2e FLOBD PREVENTISN

SGS 1V Be FLBOBD PREVENTION OPERATION

USACE 1B85% FL38D PLAIN MANAGEMENT SERVICES,

USACE 11D 1= CENSTRUCTIONS 3F RESERVBIRS FUR FLBOBD CONTRBL AND BTHER
PURPBSES

USACE IV A= EMERGENCY FL88D CONTRBL, AND SHERE PRBTECTION.
USACE lAf» NAVIGATIONAL AND FLOAD CONTISL STYDIES TB DETERMINE NEED AND

ECONBMIC JUSTIFICATIBN FIR PROPASED WATER AND RELATED LAND RESBURGE DEVELBPMENT

5010 NBAA 1A }3a« RIVER AND F,382 FORECASTS ;ND WARNING

5e11 USACE II] 3« FLBAD (ONTRIL PROJECTS

Sei2 BR 11l D= FENERAL ENGINEERING A' . RESEARCH

o

.
p—_—

5¢13 USGS I] A2« HYDRBLOGIC INVESTIGATIBNS

591“ US BM 11Ale DRAINAGE BF ANTHWRACITE MINES

S5¢45 BR A2~ RECONNAISSANCE STYDIES 8F SPECYFIC PRBJECTS DEALING WITH

MJL TI+PYRPESE DESIGN

5016 BR 1A 3= BASIN SJURVEY

S5e17 111 C BR* SOIL AND MOISTJYRE CONSERVATINN

S5+18 STATE DEPTe 9F AGRICULTJRE

WATER 6¢SURVEY AND MBNITBR THE SJURFACE WATER VB_UME AND [NDICATOR SPECIES oF

VEGETATION IN WETLANDS AND ESTUARIES T8 FVALUA*E T4E ECOLBGICAL PRODUCTIVITY AND

DEVELBPMENT POTENT]AL BF WETLAND AatAs.

6¢l
602
6¢3

YL
605

¢
M

USDIeNPSwlALa MANAGEMENT 9F PARKS AND BTHER AREAS
USDI»BSFw=131~ MANAGEMENT 8F #}LDLIFE REFUJUES

USDI«BSFWwl1le ENVIRINMENTAL IVPACT STUDIES FBR WATER RESSURCE PROJECTS,

FACILITIES, CONSTRUCTIENs DREDSEING ETC
USDlegiMelAGCo ENHANCEMENT 3F wILOLIFE HABITAT
USDleglLMelapie ARJATIC HAZITAT 4ANAGEMENT PLANS
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Table 3.2-2. Representative User/Mission/Tasks (Continued)

616 USDAeSCSwVA
6e¢7 USDCeNBAA IB4= CBASTAL ZBNE MAPPING AND SERVICES

6¢8 USACEw]A4e SPEC]AL STUDIES T8 RESBLVE UNIGVE BR ESPECIALLY COMPLEX WATER
RESBURCES PROBLEMS

699 USDI»BSFW=IF3x ACQUISTIBN 8F MANAGEMENT INFORMATIGN PERTAINING T8 WILDLIFE
ECBL,BGY 8N PYBLJC LANDS

6010 USDI-BLMeIA7A= ACTIVITIES INCIDENT T8 ISSUANCE 8F RIGHT«BFwWAY ANO
ASSOCIATED PERM]TS (ALASKA PIPELINE)

6913 USDI+BSFA=[D3~ ANVUAL SJRVEYS TO DETERMINE ARUNDANGEs DISTRIBUTION AND
TRENDS [N MIGRATING GAME B30 PBPULATIBNS AND THEIR HABJTATS.

6012 USDAwSCS*]vAS~ FISH AND wiLDLIFE DEVEL®PMENT

6433 USDA=SCS=V]3e CONSERVATION MEASJRES F32 WATERSHED PROTECTION AND F 880
PREVENT B

6elh STATE DEPARTMENT BF wILOLIFE AND FISHERIES

3-28
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The various requirements of each of the representative 285 user/tasks have been collated into a requirements data
base. This data base contains the information shown in Figure 3. 3~1 for each user task organized into the general

categories of:

Observation coverage
Measurements
Pre~Processing
Extractive Processing
Output Products

The complete data base is presented in Appendix A, User's Mission and System Requirements Data, of this TERSSE
report (due to its physical size, approximately 300 pages, Appendix A is separately bound as TERSSE report
Volume 8). Figure 3,3-2 contains the data base entries for the Agriculture 1.1 user/mission/task as an example.

Care must be exercised when using this data base that undue significance is not placed on any single data item. It
is the genexral trends and groupings of the data which are meaningful and which were used in this study. The data
items contained in the data base were determined without extensive user interaction and iteration. Although no
attempt has yet been made to rank or prioritize the user tasks the data base their large number will provide

aggregate answers to the question of overall system architecture which are not seriously biased.

IDENTIFICATION:
USER/MISSION/TASK

OBSERVATION COVERAGE, PRE—PROCESSING. | MARINE

LOCATION GEOMETRIC | WATER

AREA RADIOMETRIC

LATITUDE )

FREQUENCY EXTRACTIVE PROCESSING. ™

DURATION INFO TYPE

TECHNIQUE FORESTRY

MEASUREMENTS, BANDS USED

TIME OF DAY

RESOLUTION OUTPUT PRODUCTS,

OBLIGUITY FORMAT

CHARACTERISTICS INFO, GRID

SPECTRAL BANDS TIMELINESS

ACCURACY UPDATE CYCLE

AUXILIARY MEAS, DURATION

285 USER/
MISSION/TASKS

e INCLUDES 285 SPECIFIC USER/MISSION/TASKS IN 30 BASIC MISSIONS IN 6 PRIMARY
DISCIPLINE CATEGORIES

e NO ATTEMPT MADE YET TO RANK OR PRIORITIZE-REQUIRES WORTH/IMPORTANCE/
BENEFIT INFORMATION

e REPRESENTS BEGININGS OF STANDARDIZED USER DATA BASE-REFINEMENT AND
ITERATION NOW POSSIBLE

e EXPERIENCE AND JUDGEMENT NECESSARY IN ORDER TO APPLY TO SPECIFICS
Figure 3.3-1. User Task Requirements Datu Base
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ISSIBN/USER NJVBER] AGRICULTLRE fa
MAJOR RMIS3IONE SURVEY UeSy Cﬂ!PLlNBS 14 PREFARE STATISTIZAL SLMMARIES AND PRADUFTIAN FARECASTS ¢GR MAI8R CRBPS,

SPLCIFIC JSER TASKS USDAsASCSetle SPERATIAN OF SUPPLY ADJUSTHEAT, CONREQVATION AND PRICE SUPPBRY PRAGRAMS

GEUGRAPRIC COVERALE!
LOCATIBNS UeSe ASRICLLTURE REGIEN . .
AREA (KMee2}l Sef X 1005 /// leb X 1Cres LATITUDE: wiTHIN 27+% « 42 DEGREFS

COVERAGES
FREQUENCY: 1 DAY EVEHY 1o
DJRATLUNG MAYe UL MITALST /77 JAS=DEC CabsTEXSFiA

H[ASUHE"LN'S (RESBTE) S
TIME

T DAY: 120C MBL1QUITYS ANY (VISelR) 30 n!(lﬂfii WFF NADIR [Mw}
HESBLJH‘W-NGH FAFA: 13 YFTERS RESALUTIANCMICADWAVE: 100 YETEAR
CISTINGUISHING CHAVACTERISTICS: SPLCTRAL S13NATURE TERPARAL SPFCTRAL SIGNATURE

SCATYERING CRASS SECTIIN (YW

HIGh FREL SPLETHAL BANUS (WICHINS}Tablmeth o52-0b6 1aCo1en 10G=1eB 200020t SeBolt el

MICHYAAVE dANDSE Xel 454
WADP44ETSIC 4CCu¥ACY: h/A & SN ANGLE » 20 NEO

AUXILIARY MEASURLYENTSE . | l N i .
GCPIS FH+ SEYM REGIS § SMIL MOISTURE DEGHEE FAYS T PLANT LEAF AREA INDEX
TIAINING SET LOCTIESS | ATHESRAFAIC vmun.nn FRReY CIFFsENERGY TATAL | .
] | |
] i . 1

RAINFALL WIRTOAY

DEpE——

UATA PRECESSINGY
GEAYE TR PRt PSYCESE] vat LUCAL MEF GRID SHTATED (FeGs LARS APPIIAC.
HADILET4IC OHEPIYCELSINGS 12 » CZLATIVE ATMASPREIE CALTBRATION T8 INVEINAL STANDARD {FRAMF TA FRANE)

th.ucvlv(» PN"CE5=lP\ b
1™ o) CRI% IVENILRY 1ol CAIP INVENTARY
1 gneSyw PAl 425 (:“C::EAIHF HHeESTI>ATHUS (SPCLSPA,TFY)
ST LI el A | 2 Vlsel2 3 N2 31

ey STAT & ALYSIS 2JTeaT /77 D3 HPCA0FD STAT AVALYSIS SUTPUT /77 81 MAPS (MAND ANN/BR MACWING)
777 Aa{EASHID PANLER 27/ TRACY
“aye,

e IRery; PEWRS LR34

Y

Somsb e KIS AT 101 |

Figure 3.3-2. Computer Data Base Example

The general trends and clustering of the requirements can be readily observed when the raw data is compiled in
the form of histograms. A few of the requirements for which this was done are shown in the figures below where
four of the key requirements are individually discussed. These four key requirements are: (1) Coverage cycle,

(2) Spatial resolution, (3) Sun illumination angle, and (4) Duration of coverage.

Coverage Cycle

The distribution of user task requirements for coverage cycle are shown in Figure 3. 3-3 to range from several
times per day through every few weeks to only once (ever). Coverage cycle is that requirement parameter which
specifies the required frequency of observation (number of observations per time interval). It should be noted that
coverage cycle is not synonymous with frequency of overflight; external interveening factors such as cloud cover
can easily cause a significant difference. Two significant points to note are (1) the significant number of user
tasks (70 out of 285) who have a requirement for a single observation once. Second, the presence of a bureau-
cratic rhythm which shows up as weekly, monthly, and quarterly observation requirements. This rhythm is a

direct result of most user's need to publish various resource reports on a regular (calendar oriented) basis.
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Pigure 3.3~3. Coverage Cycle Requirements

Spatial Resolution

The distribution of user task requirements for spatial resolution are shown in the histogram of Figure 3. 3~4,
ERI Those requirements are seen to range from 1 meter to 1000 meters IFOV with the largest cluster by far in the

50 to 100 meter category. A smaller, yet still significant group of user tasks have requirement for spatial resolu-

tion in the 5 to 10 meter range.

—— - e SEOS
—————— ~»POLAR S/C

SPATIAL RESOLUTION
—— = ———SHUTTLE —_

PEAK OF USERS IN 60 METER
AIRCRAFT o Pk

o SECONDARY PEAK OF USERS IN
510 METER RANGE

IllllllIIlllll

NUMBER OF USER TASKS
g3

{
rH

20 5.0 10 20 50+100 500 1000

RESOLUTION REGION (M)

Figure 3. 3-4. Spatial Resolution Requirement
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Superimposed with the histogram are the four basic categories of remote sensing platforms. The solid and dashed
arrows with each platform provide a rough guideline of that platforms utilization in the TERSSE. The solid portion
indicates a definite capability/need while the dashed portion indicates a possible but usually impractical or uneconomical

realm of operation.

Sun Olumination Angle

The distribution shown in Figure 3. 3-5 expresses the user task requirements for the various sun illumination angles.
This solar illumination requirement is expressed in terms of time-of-day of the observation (close to the nodal
crossing time for sun synchronous orbits), It is readily apparent from this distribution that about half of the user
tasks have no specific illumination requirements (as long as adequate illumination is available), Another point of
note is that the mid-day (1200 hour) observation will serve all user tasks with a single daily observation require~

ment and will contribute to almost all of the multiple observations per day requirements.

Duration of Coverage

The summation of requirements shown in Figure 3.3-6 depicts the distribution of the user task's observation
coverage requirements throughout the year. It is readily apparent that over half of the user tasks require year
round coverage and thus are not seasonal in nature. The remainder of the user tasks have intermittent coverage
requirements which a spread throughout the year. There is a discernable peak of user tasks (primarily from the
Agriculture resource management discipline area) who require early Spring (March), early Summer (June), and late

Summer (September) observation coverage.

1y =

&) -

E1333

wk
¢ | SUN ANGLE

-2 P ey
E e 1200 HR ACCEPTABLE FOR MOST
it ' e 0600, 0970, 1200
e ol o NOT CRITICAL (ADEQUATE LIGHT)
o FOR ABOUT HALF
)
2
=
z/y_ _

___JL_._Lm__L______J___J___d |
T W B B B o ol o ol Dew
SUN ANGLE (M:;:‘Illl)"n ADEQUATE LLUMINATION

Figure 3.3-5. Solar Hlumination Requirements
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Figure 3,3-6. Duration of Coverage Requirements

3. 3.2 MISSION/SYSTEM REQUIREMENTS TRANSLATION

As noted from the previous section, the mission requirements are expressed in terms of user (resource manager)

oriented parameters and requirements. In order to develop a system such as TERSSE, these parameters must be b
translated into system requirement parameters useful to the system designer. What is necessary is a quantitative

structure which will serve as an effective translator between what the informational needs of the Resource Manager

are and what the system design requirements of the TERSSE designer are.

-

This translator must be capable of defining the users needs in the designers terms. This translation is not an easy
one, for it must simultaneously be responsible to a wide variety of mission requirements and reflect the series of

performance parameters which dominate the system design. The translation structure used for TERSSE is shown

here in Figure 3.3-7.

Many of the system requirements involve multiple mission requirements and of necessity require considerable

juggling to arrive at an optimal solution. For example, consider the determination of the number and type of

remote sensing platforms. As shown on the figure, there are six mission requirement parameters (Observation -
location/area, coverage cycle, duration, sun angle, obliquity, and Sensor resolution) which must simultaneously E
be considered in order to determine the true system characteristics. By way of contrast, other systems require-

ments are relatively straight forward; for example, the extractive processing throughput (2 major driver of the

ground system) is a direct function of the type of processing and the number of pixels involved.

3.4 MISSION INFORMATION FLOWS

For each of the 30 TERSSE missions the flow of information through the data system to the users was determined.
This information flow includes the preprocessing and extractive processing required, the use of auxillary data,
both ancillary and in-situ, and the flow of output product to the users. These information flows thus represent

a requirement on the ground system configuration.
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SYSTEM REQUIREMENTS

PLATFORMS

SENSORS

PREPROCESSING

EXT, PROC

USER
MODELS.

OUTPUT PROD,

TYPE/NO

REPEAT
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NODE
TIME

TYPE
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RESOLUTION { BANDS FOV | T'PUT

GEOM
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These 30 information flows, one for each mission, are included as Appendix C to this TERSSE report Volume.

Figure 3.3-7. From Mission to System Requirements

One of the 30, the Water 1 mission, is shown here in Figure 3.4-1 as an example. These information flows are a

unique output of the TERSSE study. They present in one place the complete flow of remotely sensed data as it

progresses thru the various data processing to the eventual users.
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SECTION 4
REMOTE SENSING PLATFORMS

Automated spacecraft, Shuttle sortie flights and aircraft are the principal means of gathering remotely sensed
information for the earth resources management functions. No single observation platform can provide the required

information while operating with the following congtraints:

Cost

Sensor power, weight, volume, thermal stability, data handling
Resolution, spatial and spectral

Frequency of observation

Sun illumination

Cloud cover

Therefore a get of seven remote sensing platforms were derived from the user requirement data base in order to

provide the required information. The seven TERSSE types are shown in Figure 4-1; thege are:
1. Earth Synchronous
2, Predawn Sun Synchronous

3. Morning Sun Synchronous

s
EARTH SYNCHRONOUS ? WESTERN HEMISPHERE  RAPID RESPONSE
SUN SYNCHRONOUS ‘ GLOBAL, NOON ORBIT SYSTEMATIC SURVEYORS
- HIGH ILLUMINATION
GLOBAL, MIDMORNING - SHADOWS, LOW TEMP
ORBIT
GLOBAL,PREDAWN - THERMAL. CONTRASTS
M ORBIT
£
SHUTTLE SORTIE GLOBAL., TAILORED FREQUENT FLIGHTS
. ORBITS
NON-SUN SYNCHRONOUS . GLOBAL, TAILORED TUNED TO EARTH
POLAR ORBIT PHENOMENON
AIRCRAFT \‘ ! REGIONAL COVERAGE FLEXIBILITY
Figure 4~1. Seven TERSSE Platform Types
PN
P
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4.’ Mid-day Sun Synchronous

5, Shuttle Sortie

6. Non Synchronous Spacecraft
7. Aircraft

4.1 SELECTION OF PLATFORMS

The data base of the 30 TERSSE missions (Section 3, 3) was usged to determine the specific platforms required.

The inputs used were:
1. Location/Area
2, Coverage Cycle
Nodal Time
4. Duration
5. Obliquity
6. Resolution

The location determines such things as whether one Earth Synchronous satellite can be used (above 57° latitude the
large oblique viewing angles cause distortion in the data)., The area determines whether an aircraft or a spacecraft
should be used, considering the economics of uging multiple aircraft as compared to a single spacecraft. The
coverage cycle determines such things as whether a Shuttle gortie can be used on a once every 30 days repeat cycfe,

or the repeat cycle of Sun Synchronous satellites vs. swath width is required.

The observation duration determines whether a continuous observation is required where an Earth Synchronous,

Sun Synchronous, ox Non Sun Synchronous satellite platform should be used or whether for shorter observation
durations aircraft or Shuttle sortie is more adequate. OCbliquity determines whether more than one oblique viewing
angle is required per target of observation (for stereo photographs, etc), thus, for example, limiting the Earth :

Synchronous satellite misgsion where it can only provide one viewing angle only.

The spatial resolution parameter takes into account the present and near future (1980‘s technology) sensor
capabilities as a function of observation platform altitude. For example a 50 meter scanner in a geosynchronous
orbit, a 10 meter scanner in a solar orbit, a 5 meter scanner in a Shuttle orbit and a 1 meter high altitude aircraft
are all technologically achievable sensors. This parameter therefore determines what platform is required to
carry what sensor to provide the required spatial resolution. Figure 4.1-1 shows the platform selection screen

for the seven types of platforms.

The four histograr:s shown in Figure 4. 1-2 are typical of the use made of the data base, facilitating the selection
of the TERSSE platforms. The four subjects presented include spatial resolution, coverage cycle, coverage duration

and observation sun angle.

o
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OBLIQUITY
RESOLUTION

e e 2000

Figure 4. 1-1. System. Requirement Development Platform Selection

4,2 ASSIGNMENT OF MISSIONS TO PLATFORMS

The mission requirements of the 30 basic mission statements, as represented by the 28§ user tasks, were used to
establish the basic platforms set for TERSSE. As a result of analyzing the platform~related mission requirements
using the computerized data base it was determined that seven specific platform types would satisfy all the identified

missions with respect to remote sensing. The seven platform types required are identified in Figure 4. 2-1,

The specific platform characteristics used to allocate the thirty resource migsions to the various platforms are
shown in Table 4. 2-1, These characteristics were iterated with the misgion agsignments for three different cases
of spatial resolution. The earth synchronous satellite is the only one that has a location limitation of < 57°
latitude due to the distortion created by large oblique viewing angles at higher latitudes. Nodal crossing time is a
restriction upon Sun-Synchronous, Shuttle Sortie, and Non Sun Synchronous spacecraft to a single obgervation of the
target at'a consta.nt'time for Sun~-Synchronous spacecraft and variable obgervation at different times for Shuttle
Sortie and Non Sun Synchronous, due to different target observation times. The coverage cycle ig a restriction to
a seven day repeat cycle for Sun-Synchronous, one observation per target for a Shuttle Sortie and seven to
fourteén day repeat cycle for a Non-Sun Synchronous spacecraft. Due to the limit of time that Space Shuttle can
remain in orbit (7 to 30 days), the duration of earth target observation is intermittent. Therefore space shuttle
can best be used to observe objects of interest on non-repetitive basis which require a single observation. The
Earth Synchronous satellite is capable of providing only one angle of observation of the target due to its constant

stationary geosynchronous point.
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' 7 TERSSE PLATFORMS
- A EARTH SYNCHRONOUS
AGRICULTURE 1 ], B SUN SYNCHRONOUS — PREDAWN
h. ':l'.'.l:'l'i..".'.:.".::{"Iiﬁfzd.'.:.":.'ﬂ c SUN SYNCHRONOUS — MORNING
30M:SSIONS D SUN SYNCHRONOUS — NOON

E NON-SYNCHRONOUS — SHUTTLE SORTIE

F NON-SYNCHRONOUS —~ AUTOMATED SPACECRAFT

G NON-SYNCHRONOUS — AIRCRAFT

Figure 4. 2-1. Determination of TERSSE Platforms
Table 4, 2-1. Platform Assignment Characteristics
EARTH POLAR SHUTTLE POLAR
N SYNCHRONOUS {SUN-SYNC.) SORTIE AIRCRAFT | (NON SUN SYNC.)
LOCATIONT <570 LAT ALL ALL ALL ALL
NODAL TIME ALL SINGLE CONSTANT | VARIABLE AlL VARIABLE
COVERAGE CYCLE ALL 1 DAY ONCE EACH AlL >7 DAY
DURATION ALL ALL (ALL INTERMITTENTY  ALL ALL
oBLiQuiTY SINGLE ALL ALL ” ALL ALL
RESOLUTION 50 METER CASELl = 50 CASE! =20 >1 CASEl =50
(SPATIAL) CASEIl = 10 CASEHl = 5 CASEIll =10
CASE i1l = 50 CASE Il = 5 CASE 111 = 50
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The spatial resolution takes into account the present and near future sensor technology. The Earth Synchronous
platform with a 50 meter scanner is the maximum SEOS resolution under present consideration. Aircraft have the
greatest advantage of providing high spatial resolution, The TERSSE data base indicates that there are several
requirements for high (1 meter) resolution and frequent small area coverage, an ideal combination for the aircraft
platform, The Sun-Synchronous, Non-Sun Synchronous and Shuttle Sortie platforms were assigned three resolution
cases.

CASE 1: polar spacecraft with a mechanical scanner in a 700 to 900 nm orbit can achieve a 50m spatial

resolution utilizing current technology. Shuttle sortie resolution of 20 m was assigned as the upper limit
on the same basis.

CASE 2: polar spacecraft (with a push broom solid state detector array) in the same orbit can achieve a 10 m
spatial resolution, while the Shuttle Sortie can achieve a 5 m resolution with the same technology,

CASE 3: polar spacecraft with a 50m resolution and a Shuttle Sortie with a 5m resolution provides the
other extreme.
The CASE 1 approach maximizes the use of the Earth Synchronous satellite and the aircraft. CASE 2 maximizes

the use of the polar spacecraft and the Shuttle Sortie. CASE 3 maximizes use of the Shuttle Sortie only.

By examination of the user requirements data bage it can be seen that there are a large number of periodic

(7, 14, 30 day) coverage cycles requirements at 10 meter spatial resolution, with durations of 6 months to 1 year.
Thege form an ideal case for a polar spacecraft. There are also a large number of non-repetitive, short duration,
coverage requirements at 5 meter resolution covering large areas of observation; these are ideal Shuttle Sortie
opportunities, Therefore the most logical choice for platform assignment is CASE 2, a 10 meter Sun-Synchronous
satellite and a 5m Shuttle Sortie. With respect to sensor availability, these resolution requirements are not

unrealistic for the Shuitle era.

The computerized data base was filtered through the platform assignment characteristics of Table 4, 2-1 using the
case 2 platform resolution assignments. Additional screening requirement guidelines are the physical and economic

constraints impoged on the observations by the platforms; these included:
1. Spacecraft for repeated observation migsions are more cost effective than aircraft over large areas
2. A geosynchronous spacecraft ig more effective than multiple polar spacecraft
3. Shuttle sortie missions are effective platforms for high spatial resolution requirements T
4. Geosynchronous not appropriate for global coverage

5. Shuitle sortie missions should be unique (not appropriate for spacecraft)

This filtex approach to platform asgignment is depicted in Figure 4. 2-2 where the various requirements, con-

straints, and guidelines are used to ''set' the filter screen.
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Figure 4. 2-2., Resource Missions Assigned to Platforms

The output of this filtration process is the aggignment of each TERSSE migsion to a gpecific remote sensing
platform. This assignment was done, by computer, for each of the three resolution cases. The computer output
for Case 2, the selected case, is presented as Appendix B to this TERSSE report. The results of the screening
were then aggregated on a mission by mission basis, each mission being assigned to at least one (and in most

cases several) of the seven TERSSE platforms.

These seven basic platforms together can gatisfy all of the observation requirements of the TERSSE resource

missions. Two degrees of satisfaction of a migsion's requirements are indicated when the missions were assigned

to the platforms. Figure 4. 2-3 shows the platform assignments for all 30 TERSSE missions. A platform having e
a mission assigned to it with either an A code (provides all or major part of data needs) is able to fully (or mostly) 1
satisfy that mission's data collection requirements. The B code (partial satisfaction of data needs) signifies that

the platform is able to satisfy some but not most of the mission's data collection requirements. Full satisfaction

for such a mission can usually be accomplished with the aid of another platform.

When considering these mission/platform assignments (shown in Figure 4, 2-3) it must be borne in mind that this
represents the mature operational TERSSE system. Prior to the availability of the entire TERSSE, many of the
missions can be adequately (although not completely) served by alternate platforms. These mature assignments
represent the optimal usage of all the TERSSE platform elements. This agsignment does not indicate that other

platforms should not be used in the intermediate time frame upntil all TERSSE elements are operational.

v
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Figure 4. 2-3. Platform Assignments For Operational Missions

4,3 SPACE SHUTITLE AS A TERSSE PLATFORM

A full and complete discussion of the Space Shuttle is contained in TERSSE report Volume 4 entitled The Role of
the Shuttle in the Earth Resourves Program. This section will present the key features of that report as they

relate to platform/mission assignment.

The Space Shuttle in its sortie mode of operation has four principal roles to perform as part of TERSSE. These

four and their characteristics aye:
1. Operational-intermediate area sizes, short duration mission.
2. ASVT Support - test platform, transitional time frame, lower cost.
3. Sensor development - test bed platform, timely availability.

4, Technique development - test data source, transitional time frame, lower cost.




The first item, operational, requires explanation because there are actually four slightly different operational roles.
Thesge four are:

1. Primary operational platform - the most effective platform to provide the data acquisition in satisfaction
of a missions requirement.

2. Secondary operational platform -~ where the Shuttle is used to supply necessary supplemental data in addition
to a mission's other platform requirements (e.g., periodic, high resolution data on world-wide test sites).

3. Partial mission fulfillment - whereby the Shuttle is used to fill the time gap before all of a mission's
platforms are operational to satisfy a part of its mission objectives (e.g., urban land uge data for the 56
largest US cities instead of for all US urban areas).

4. Partial data fulfillment - whereby the Shuttle gathers all of the required data but not to the full extent required
by the mission (e,g., data collected every 6 or 8 weeks as opposed to the every 2 weeks required in the
fully operational configuration).
The previous section identified three of the 30 TERSSE missions for which the Space Shuttle would serve as a
primary operational platform. Each of these three appeared as an "A" (provides all or major part of Data Needs)
in the mission/platform assignment matrix (Figure 4, 2-3). These principal operational missions are:
Forest 1 -~ Survey and monitor forestland to prepare forecasts of timber production, classify areas according

to productive status, and assess the efficiency and ecological soundness of timber production and harvesting
operations.

Land Use 1 - Survey and map current land use patterns within the U. S, in support of State land use planning
and the management of Federal lands.

Land Uge 2 - Survey and map the natural vegetative cover, landforms, topography, underlying geology, and
soil types of the U, S, land area.
In addition to these three principal operational utilizations there are many additional missions for which the Space
Shuttle offers operational capability. These additional missions are shown in Figure 4.3-1 (fogether with the three
principal missions). These additional missions arise from the Shuttle's ability to provide partial mission satisfac-

tion and partial data satisfaction.

-

A more complete discussion of all the Shuttle modes (including ASVT, sensor development, and technique

development) is contained in Volume 4 of the TERSSE report.

4.4 TERSSE PLATFORM TYPES

The five types of TERSSE platforms each provide different advantages and disadvantages. This section briefly
describes each type of platform.

EARTH SYNCHRONOUS PLATFORM

To date, earth observation programs have concentrated on low-altitude platforms giving repetitive coverage of much
of the earth's surface; but at non-varying intervals of time (e.g., ERTS-1, once every 18 days). Given the
presence of an interfacing cloud cover, such low altitude satellites can result in very long intervals between

successive images of a gpecific area.
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Figure 4.3-1. Shuttle Sortie as an Operational Platform

While current and planned programs will result in a number of such low altitude orbiting platforms, and one can
postulate an appropriate observation sequence to partially alleviate this problem, there are many earth resources
phenomena which exhibit such short term temporal behavior that they require an unacceptably large number of low
altitude platforms (for example targets requiring multiple observaticzns per day). In such cages, theonly practical

approach appears to be through the rapid response - interactive capability of a geosynchronous satellite (eg. SEOS).

It has been noted that natural disasters constitute one of four key problems involved in monitoring the global
environment. Such disasters (urricanes, tornadoes, forest fires, floods, frost and disease and insect crop
damage) often involve temporal behavior requiving critically timed and/or near continuous observation. While it
has been demonstrated that remote observation can materiaily aid in reducing the harmful effects of such disasters,

it must also be noted that critical timing is the key to appropriate preventive or corrective action.

SHUTTLE SORTIE -

The Space Shuttle appears to be uniquely suited for purposes of instrument development and for the study of short
duration or infrequent phenomena as well as ASVT missions. Proposed sortie missions of seven to thirty days

at 100 nim to 400 nm altitude are readily adaptable to Earth Resources Survey applications requirements. For
such missions, experimental payloads may comprise both operational and developmental experiments. Operational

experiments would include surveys of slowly varying phenomena such as river delta or coastal studies, forestry

4-10
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patterns, land use inventory, land form and cover mapping, agriculfure, pollution monitoring and thoge requiring
intermittent observations rather than constant surveillance. Short duration phenomena such ag catastrophic events

would require "'contingency' missions which could be employed, but only under the most demanding circumstances.

The sortie mode will permit scientists from various earth resources disciplines to participate in target selection
and sensor development on short duration missions. The capability of carrying a large payload will permit sensing
over the entire pertinent electromagnetic spectrum at high spatial resolution, this will allow intercomparison of
several types of sensors by the investigator, and will tend to assure the reliability of instrument performance, This
mode is considered to be particularly useful where seasonal or less frequent sensing is desired, data is not available
from other systems, on-board data processing or mission specialists are required, and/or few observations from

low altitude orbit will provide sufficient data.
SUN SYNCHRONOUS

Polar spacecraft are the only means of remote sensing from space and achieving full global coverage. It is the

only means of achieving low altitude sun synchronism, the advantage being that the node time is fixed providing
repeating coverage and fixed time of day over the target. Figure 4.4-1 shows a plot of a 7 day repeat cycle for a
Sun Synchronous platform as a function of longitude and day number of spacecraft at an altitude of 611 Km whereas
Figure 4. 4-2 shows the same plot for a 28 day repeat cycle at 833 Km., A plot of sensor swath width as a function of
repeat cycle for two different altitudes is shown in Figure 4.4-3, for a 5% overlap at the equator. It can be seen
that a swath width of 400 Km is required for a 7 day repeat cycle, The swath width is, when coupled with IFOV,

a critical system driver.

Using the requirements data base a plot of spatial regolution vs. coverage cycle was made (Figure 4.4-4) in order
to show the number of user tasks (qumbers next to the circles showing clusters of points) satisfied by 1, 2, 3.....
10 polar spacecraft in orbit. For example for a 30 day repeat cycle at 10 m resolution at least two polar spacecraft
are required to provide this type of coverage and 19 user tasks require this type of information. This plot is made
for a 5% overlap at the equator, Other, more economically feagible solutions for this problem are to a) fly more
than one sensor per spacecraft providing the increased swatl width and decreasing the number of spacecraft or b)

to offset~point the sensors where full coverage is not required.
NON~SUN SYNCHRONOUS SPACECRAFT

This particular satellite has the advantage of providing full global coverage at variable nodal crossing times,
providing a variable time of day over the target. The main application of this platform in the study is for Ocean
Dynamics Monitoring and Navigation Hazard Monitoring observation migsions. An example of this platform under

present consideration is the SEASAT program.,
AIRCRAFT

Aircraft are the most versatile of all platforras. They can provide earth observation coverages at different times

of day, continuous coverage and high resolution. The major disadvantage is the economic burden of providing

large area coverage on a continuous basigs. The aircraft congidered for TERSSE are high altitude aircraft such as
the U-2 or RB-57F, Aircraft have the capability of providing data as a primary platform for small area, high spatial
resolation coverage, Theyserve many primary missions that require coverage during disasters, and also serve in

many secondary supporting missions to spacecraft. 4-11
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SECTION 5
REMOTE SENSORS

This section addresses the sensor portion of the overall TERSSE system. The other two major components of the
TERSSE are the remote sensing platforms, discussed in Section 4, and the ground system, discussed in Section 6

of this report.

5.1 REMOTE SENSORS OVERVIEW AND CONCLUSIONS

The determination of the TERSSE sensors begins with an analysis of the resource managers requirements as repre-
sented in the mission and system requirements data base. The data base contains the spectral and spatial require~
ments for each of 285 representative user tasks. These disparate requirements were then processed through a
sensor strategy in order to reduce the number of discrete sensors required. The results of this process, as de-
picted in Figure 5. 1-1, is a set of twenty spectral band families which will satisfy all of the resource management

missions.

Each of 30 basic TERSSE missions were then considered with the spectral and spatial categories so that a definite

assignment could be made for each mission. This process is represented in Figure 5. 1-2.

It will become evident in this section that, in order to maintain the number of discrete sensors at a reasonable level

while satisfying all users, the number of missions served per sensor will have to be high. A general design goal
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therefore is for sensors to either (1) carry all bands potentially required or (2) have interchangeable band packages
tailored to particular sets of missions. For those cases where the sensor will be conveniently physically accessible
(aircraft and space shuttle) the second approach appears workable.

The spectral requirements in the IR-thermal region are not as variable as in the lower wavelength region and can
probably be satisfied by a standardized sensor for that region. The visible-near IR region has more variable re~
quirements which should be met with a multiband and modular design. The current state-of-the-art is such that
development of these sensors can start now with a reasonable expectation of being achieved by the 1980's.

Microwave sensors can be considered in two categories; (1) those producing grid measurements such as scattero-
meters and radiometers, and (2) imagers such as synthetic aperture radars. The principal resource management
disciplines which drive the microwave requirements are Water and Land Use diciplines. The Water discipline can
make effective use of the grid measurement sensors for wind velocity and direction, wave height, and water
salinity; the imaging sensor would be applicable for ice measurements. The Land Use discipline will utilize micro-
wave grid measurements for soil moisture, snow depth, and snow moisture context; the imaging sensors have two
applications (1) "cloud free black and white phetography' and (2) the exploration of reflection emission properties
(multiple parameter analysis). 25
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With respect to spatial resolution, the key sensor development recommendation is the need for a 10 meter IFOV
scanner from near earth polar orbit altitudes. The need for a relatively large number of spectral bands and large
optics with respect to the field of view will require the utilization of advanced technology. Therefore, the avail-
ability of this sensor should not be expected before the mid 1980's. However, with slightly reduced constraints,
the design cotild begin soon for a Space Shuttle borne version which would be available by the late 1970's or early
1980's..

The current limitation on the ability to apply automatic data processing techniques over large areas of multispectral
data need to be overcomeinorder to achieve an efficient operational system. The current capability in automated
processing requires that several training sites be used for each frame/swath processed. In order to reduce the
number of training sitgs required two sensor developments appear appropriate; (1) atmospheric condition sensing

capability, and (2) accurate spectrometry for calibration to allow signature extension.

In summary, the analysis of the user's sensor requirements in conjunction with the state-of-the-art determination

and the driving sensor design parameters leads to the following conclusions:
1. Development of the following sensors is indicated:
a. 1-2 m (Aircraft) .
b. 5 m (Shuttle)
c. 10 m (Polar and Shuttle)
d. 30-50 m (Polar)
e. 56-100 m (Synchronous)

2. These sensor configurations must be designed to accommodate a larger number of spectral bands and to
achieve higher spectral resolution and narrower bandwidths than are manifested in current sensor designs.

3. Final specification of the ultimate operational sensor/mission assignment for TERSSE will require advance~
ment in the state of knowledge regarding:

a. systems level sensor feasibility/cost as a function of the number of spectral bands

b. refined user requirements and weighting factors as to relative importance to mission success
¢. relative importance of the particular user tasks

d. specific decisions on the assignment of vuc ¢ wore missions to a sensor design

5.2 SENSOR/MISSION ASSIGNMENT METHODOLOGY

-The sensor element of TERSSE is unlike either its platform or ground situations. In the platform case it was found

that seven remote sensing platform types would satisfy the requirements of all 285 user tasks. However, the
quantity and diversity of the spectral band requirements for the sensor case preclude a meaningful result without

first reducing the number of different spectral band sets. /

The various spectral requirements of the 285 user tasks appear at first glance to repre. :nt the need for several

hundred different sensors (192 unique spectral band sets, 7 different spatial resolutions, with at least 3 different
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altitudes). The major contributor to this situation is tha large number of unique spectral band sets required by all

the users. The possibilities for dealing with these (withvut changing the requirements from those given) are:
1. leave the spectral requirements as is and design a unique sensor for each.

2. reduce the requirements to a lowest common denominator band set (approximately 25 separate bands)
and design one sensor.

3. choose a middle approach and combine the band requirements where possible to reduce the number of
different designs required.

The approach taken here in TERSSE was the latter, number 3, whereby the band requirements were combined and

juggled in order to arrive at 20 unique band families (sets) which would satisfy all user tasks.

The approach taken and the various intermediate results are described in Section 5. 4, Sensor Sirategies, below.
The result of this sensor strategy is a set of twenty spectral band families and five spatial resolution/altitude

categories. At this point, the sensor requirements of euch user task were considered and a sensor asgigned.

5.3 SENSOR REQUIREMENTS

The user's sensor performance requirements are contained in the data base (refer to Section 3. 3 of this report for
a description) for each of the 285 representative user tasks. The sensor performance descriptive parameters in-
cluded are spatial resolution, required spectral bands, and radiometric calibration accuracies. The radiometric
calibration accuracies required were either two percent, five percent, or were unspecified. These values are
within the state of the art and consequently are not sensor drivers. The driving sensor performance parameters

based on the available mission requirement information are thus spatial resolution and spectral bands.

Adoption of these two descriptors, spatial resolution and spectral bands, for examination of the mission/system
sensor requirements is not meant to imply their adeguacy for sensor design specification; the more detailed analy~
sis required for that, including specification of modulation transfer functions, noise statistics, linearity, etc., is

a step beyond the requirements data base and is beyond the scope of the present TERSSE effort.

As with the other areas of TERSSE, it iz assumed that the users requirements accurately reflect his true needs

and are adequately reflected in their mission requirement specification, In other words, the initial working hypothe-
sis was that to meet the data base specifications is to meet minimal necessary and sufficient conditions to ensure
image product adequacy for the user. Adoption of this hypothesis allows the requirements to be analyzed and sensor

systems to be formulated; it will be examined in retrospect later in this section.

The spatial resolution requirements specified by the various user tasks were 1, 2, 5, 10, 20, 50, 100, and 1000
meters. The relative distribution of these resolution requirements is shown in Figure 5. 3-1 below. Note that the
total number of resolutions indicated is greater than the number of user tasks (285) because some require multiple

resolutions.

The spectral band requirements specified by each of the various user tasks are shown graphically in Figure 5. 3-2.
It can be observed by viewing this figure that quite frequently the same spectral band requirements are shared by
several user tasks (usually different user tasks representing the same mission statement). The total nu;mbe;r of

resolution/band set configurations needed for the 285 tasks is 306,

5-4
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Figure 5. 3-1. Spatial Resolution Summary

Given a set of sensor requirements for each migsion, one might satisfy them by dedicating a sensor design to each
set of mission requirements yielding a large number of instruments; or by specifying a single sensor with the ver~
satility tc satisfy all mission requirements. The optimal strategy sought probably lies between these two extremes;
but the precise specification of that strategy is not immediately obvious. The following section is an examination of

the available data and an attempt to provide a realistic and efficient sensor strategy.

5.4 SENSOR STRATEGIES

As discussed in the previous section, the two user requirements which serve as driving functions are spatial resolu-
tion and spectral band requirements. The resolution reguirements fall into eight classes ranging from 1 meter to
1000 meters; the spectral band requirements on the other hand are much more diverse with nearly 200 different re-
quirements initially specified. An iterative approach, shown in Figure 5. 4-1, was undertaken in order to formulate

a sensor strategy.

The large number of different spectral bands specified by the user tasks was considered. The cutoff frequencies to
delineate the band limits were consistent in the greater than 1. micrometer wavelength region, but in the visible-
near infrared region it was often found that one user specified, for example, . 55-. 65 mm while another specified

. 54-.64 mm. It was judged unlikely that these small differences in cutoff frequencies were ""real" requirements;
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Figure 5.4-1. Formulation of Sensor Strategy
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substituting one band for the other was thought to be unlikely to cause a signature to be lost. Consequently, the
cutoff frequencies of the visible-near IR spectral bands were rounded off to the nearest 0. 05 mm which helped to

reduce the magnitude of the problem.

The data base of sensor requirements was sorted according to resolution required. Under each resolution require-
meni, each unique set of spectral bands was listed, and for each unique resolution/band set, the individual user
tasks which require that particular sensor configuration were delineated. The results of this initial sorting are
summarized in Table 5. 4~1 and illustrated in Figure 5. 4-2. Simply by combining user tasks with identical require-

ments, the total number of configurations has been reduced from 306 to 88 at this point.

Table 5. 4-1. Sensor Requirements - First Sorting

Number of Different (Unigue) Total Mission Subtasks
Resolution Spectral Band Sets Satisfied

1. m 2

2. m 3 4

5 m 23 65

10. m 19 69

20, m 11 26

50. m 25 126

100. m ' 10

1000. m 1
88

Total Resolution/Bandset Configuration is 88,

At this point, the coverage and obliquity constraints were considered, and a set of resolution/platform require-
ments delineated. The postulate that any resolution specification is also satisfied by a higher resolution sensor was
invoked (a user requiring 100, m resolution could accomplish his task if given 50. m resolution imagery). It should
be noted that this is not a good general postulate for all cases because of the possibility for significantly increased
data rates and data processing throughput requirements; it was therefore used in only a few casés and with con~-
siderable care. Combining this postulate with the resolution/platform requirements yielded a new set of sensor

configuration requirements which are summarized in Table 5. 4-2 and Figure 5. 4-3.

The band requirements were then reexamined and it was found that by adding a band or two to certain unique band
sets, several sets could often be combined thus reducing the total number of sensor configurations. That is, the
band sets per resolution-platform configuration (Figure 5. 4-3) were combined in the most obvious ways while trying

to keep the total number of bands per sensor reasonably small.

After each spectral band requirement was rounded off to the nearest . 05 micrometers it was subjected to the con-
catenation and integration process shown in Figure 5. 4~4 together with all the other band set requirements for each
of the 5 platform classes. - The concatenation step shows that if TERSSE provides-the bottom band set on the figure,

either of the two users whose individual requirements were concatenated can select his unique requirement from the

5-9
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Figure 5. 4-2. Sensor Requirements - First Sorting
Table 5. 4-2. Sensor Requirements - Platforms Included

Number of Different (Unique) Total Mission Subtasks

Resolution/Platform Spectral Band Sets Satisfied
1, m Aircraft 26 65
5. m Shuttle 6 20
10. m Polar 21 69
50. m Polar .18 88
50. m Syme. 21 99

Total Resolution/Band Set Platform Configuration is 92.
Note that some tasks could be satisfied by either a synchronous or polar platform. Such
tasks appear under both resolution/platform headings in Table 5, 4-2.
total. The integration step shows that some users require a spectral band which is redlly the sum of two or more
bands required by another user, If TERSSE provided the bottom band set the second user could be satisfied by
integrating the radiance measured in the second and third bands to form the total represented by his first band. In
this manner it was possible to derive 20 unique spectral band families which satisfied all of the users without any

~ compromise as to their original requirements.

-

e
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Figure 5. 4-4. Spectral Band Requirements Resolved
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It should be apparent that there is no single unique combination which will result from the above step; the results

i),

are dependent on the judgment applied during the combinatioa process. The result of one such combination, which +
reduced the total number of unique band sets to twenty, is shown in Figure 5.4-5. The resolution/platform require-

ment to which each band set corresponds is alcd shown on the figure as a matrix. The particular spectral band

families assigned to each platform classg is tabulated in Table 5. 4-3 below. The total number of discrete sensors

required has been reduced to about 51. Each check mark in Figure 5. 4~5 {8 a sensor, except where the same band

is shown for both the 50 meter and 10 meter polar case — in this case the 10 meter version would satisfy both needs.

The results of this combination, 20 spectral band families (sets), and the five platform classes, were then used to
assign {refer to Figure 5. 4-6) each resource management mission to a sensor (defined as a spectral band family at
a resolution). The assignment of missions to the spectral band families is shown in Figures 5. 4-7 through 5. 4~1i1

for each of the 5 platform - resolution classes.
Table 5, 4~3. Sensor Band Family/Platform Requirements
1) 50. m polar
Band Sets: 1, 2, 7, 8, 9, 12, 13, 18, 19, 20
2) 10. m polar
Band Sets: 1, 3, 4, 5, 6, 7, 11, 12, 15, 16, 18
3) 50. m sync.

Band Sets: 1, 2, 3, 4, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20

Sed

4) 5. m shuttle
Band Sets: 5, 7, 8, 9
5) 1. m Aircraft

Band Sets: 1, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 14, 15, 17

The number of sensors required as determined by this approach is still felt to be impractical. It is clear from
Figure 5. 4-5 that a single twenty-band sensor at each of the five resolution/platform combinations would yield a
set of five sensors sufficient to satisfy all mission tasks. Recall that the combination of bands shown as band
families in Figure 5. 4-5 is not unique. One might add more bands here and there and further reduce the number
of band sets. The question is simply how does one determine the optimal combination short of the twenty band

universal configuration ?

Consideration of this questioh requires re-examination of the basic working hypothesis: that the data base as given
constitutes the minimal necessary and sufficient criteria for achievement of the mission tasks. That this hypothesis
is strictly valid is felt to be unlikely, Rather, pertlirbations in the band specifications will probably affect different
users to different degrees; that is, weighting factors ought to be applied to the sensor band requirements for each
user task. Those factors would reflect the sensitivity of variations in the reguired spectral bands to the

successful performance of the user task resource management objective. These factors do not exist at the
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present time and to develop them would constitute forming a new, more detailed data base beyond the present scope

of this TERSSE study.

On the basis of the data which has been developed to date, without a better understanding of the relationship between
spectral band variations and task performance, it can only be said that the number of sensors required lies some-
where between the 51 indicated in Figure 5. 4-5 and five twenty-band sensors. Specification of flie optimal sensor
configuration strategy for the TERSSE sha'l requirs advancement in the state of knowledge of systems level sensor
feasibility/cost as a function of number of spectral bands, and weighting factors on user/mission/task sensor re-
quirement specifications. This information is necessary to cause the bounds on the sensor configuration which we

have developed to converge to a single point solution.

5.5 SENSOR DEVELOPMENT RECOMMENDATIONS

The previous discussion has indicated that to attempt to satisfy all user tasks while maintaining reasonable limits
on the number of sensor/platform configurations flown clearly requires that sensors be designed to maximize

utility in terms of number of missions adequately served per platform, not maximized for a parti¢ular mission.
A general design goal is therefore for sensors to be able to either:

e Carry all bands potentially required, or

® Have interchangeable band packages tailored to sets of particular missions,

The first possibility is most attractive for inaccessible platforms - polar and synchronous. The second possibility
is workable for aircraft and sortie platforms where a modular sensor design would allow band package interchange

on the ground.

Looking at the spectral band cutoff points (refer back to Figure 5. 3~2) one finds that there is greater variability in

missijon task requirements in the visible-near IR region than in the IR-thermal. Since the technical problems differ

in the two regions, it is recommended that f2brization of a standard IR-thermal sensor be considered. Achievement

in this wavelength region of the requisite resolution at acceptable signal-to~noise will require advancement of ihe
state of the art.

The visible-near IR region sensor ought to be, as has been stated, multiband and probably modular. The state of
the art is such that development of these sensors can start now and can be expected to be achieved by the 1980's.

The driving design problems appear to be:

1. Signal-to-Noise Ratio — The scanning radiometers are noise limited in performance. As the number of

spectral bands per wavelength range (spectral resolution) is increased, the signal per detector is decreased.

To obtain acceptable signal-to~noise for higher spectral resolution sensors will require as a consequence
either faster optics (larger aperture since focal length is constrained by detector size and resolution re-
quired) or lower detector noise (possibly achieved by cooling).

2. Focal Plane Configuration — Room is required for the hardware which partitions the energy into the spectral

bands. In multiband sensors this might prove a driver in optical configurations and might provide a limit
on the number of bands implementable.
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A system driver (as opposed to a sensor driver) associated with implementation of the recommended sensor con- l )
figurations is data rate, both short-term (communication link, storage (bits/sec)) and long-term (information pro- =
cessing, dissemination (bits/year). Increasing resolution, either spatial, spectral, or temporal, i “lies propor-

tional data rate increase. | Therefore, multiband sensors ought to have the capability of commandable utilization of

only those bands required by the given users at a particular earth location. In addition, should for example a 50, m

sensor be flown, but only 100. m resolution be required at a given earth area, the capability to onboard process the

data to reduce the sensor capability to the restricted user requirement ought to be considered.

Finally, since we have emphasized spectral band requirements as a driving sensor design problem, it is appropriate
to add a comment on the ""resolution' criterion. Most users mean by "resolution" the smallest object from which
they can extract useful radiometric information. A sensor design specification eventually ought to include expres-
sions of the required modulation transfer function, the acceptable noise level (either S/N or perhaps additionally

the noise power spectral density), the detector calibration accuracy requirement, and the scan accuracy require-
ment. The effect of these parameters on user extractive processing algorithms expected to be in use in the 1980's

should be quantitatively studied and reflected in the instrument designs.

When considering the overall mission and system requirements of TERSSE, several specific sensor development
requirements become evident. Figure 5. 5-1 depicts five required sensor developments and relates them to the six

discipline categories which contain the 30 TERSSE resource management missions.
The five required/recommended sensor developments are:

Modular, Tailored Scanners
All Weather Terrain Imaging I g
Microwave Sensors )

Atmospheric Condition Sensing Capability

N

Accurate Spectrometry for Calibration

The time phasing of the required sensor developments is shown in Figure 5. 5-2. The three time frames are:

1977-78 Current Technology
1980-82 Early Advanced Technology
1984 and on Late Advanced Technology

The general *rends indicated by this figure are for higher spatial resolution, greater numbers of spectral bands,

and the use of modularity in sensor design.

The sensor development requirements/recommendations for the 10 meter IFOV resolution scanner are especially
important and are shown here in Figure 5.5-3. The ultimately required capability, from polar spacecraft, will
require the use of advanced technology and is not expected until the mid 1980's time frame. Howéver, with
slightly reduced constraints a Shuttle version can be achieved by the late 1970's or early 1980's (beginning of

the Shuttle Era).

The need for microwave sensor capability is shown in Figure 5. 5-4 together with the two driving resource manage~

ment disciplines, Water and Land Use,
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SCANNERS MODUL.AR, TAILORED SCANNERS WITH INCREASED
SPECTRAL SENSITIVITY, NO, OF BANDS, CALIBRA- vi V| VIV
TION ACCURACY: TAILORED IFOV
RADAR APPLICATION TECHNIQUES FOR '"CLOUD-FREE
B & W PHOTOGRAPHY,'' SIGNATURE DEVELOP- v
MENTS FOR MULTI-CHANNEL USE vVIVIVIV
RADIOMETERS/ SIGNATURES, FREQUENCIES, DESIGN FOR SOIL
SCATTEROMETERS | MOISTURE, SALINITY, SNOW DEPTH AND MOIS- Vv vV
TURE CONTENT
ANCILLARY ATMOSPHERIC CONDITION SENSING FOR COR-
RECTION: ACCURATE RADIOMETRY FOR CAL-
IBRATION Vi WVIVIVIvV
Figure 5. 5-1. Mission Requirements/Sensor Recommendations
1977 - 78 1980 - 82 " 1984 —
CURRENT TECHNOLOGY EARLY ADVANCED DESIGN LATE ADVANCED DESIGN
5 BAND SCANNER (7-8) BANDS SCANNER {MULTI-BAND MODUL.AR) SCANNER
50M SPATIAL RESOLUTION 10M SPATIAL RESOLUTION (1) 10M SPATIAL RESOLUTION
SORTIE FAMILY SORTIE FAMILY POLAR ORBIT FAMILY
VARIABLE ALTITUDE" VARIABLE ALTITUDE SINGLE ALTITUDE
2~ 6 BAND FI.M CAMERA (7-8) BANDS SCANNER (2) 5M SPATIAL RESOLUTION
5M SPATIAL RESOLUTION (1) 50M SPATIAL RESOLUTION SORTIE FAMILY
SORTIE FAMILY POLAR ORBIT FAMILY VARIABLE ALTITUDE
VARIABLE ALTITUDE (2) 1M SPATIAL RESOLUTION (MULTI-BAND MODULAR) SGANNER
AIRCRAFT
50M SPATIAL RESOLUTION
GEOSYNCRONOUS FAMILY

Figure 5.5~2. Sensor Development Requirements
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Figure 5. 5-3. The 10 Meter Scanner
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The microwave sensors can be considered in two classes of capability: grid measurement and images as repre-

senited by spectrometers/radiometers and synthetic aperture sensors respectively.

Included with each recommendation is an indication as to whether the capability needs to be implemented or

developed.

Figure 5. 5-5 summarizes, by platform type, the major sensor development recommendations. Note that "polar?

refers to near earth orbit, sun synchronous spacecraft and that "'synchronous" refers to Earth stationary or geo-

synchronous spacecraft.

AIRCRAFT MODULAR VISIBLE/ NEAR IR; COMMON MID, THERMAL IR
0.5 uM BANDWIDTHS (OR BETTER)
1 - 2 METER RESOLUTION

SHUTTLE MODULAR VISIBLE/ NEAR iR; COMMON MID, THERMAL IR
0.05 uM BANDWIDTHS
‘50M, 10M NOW (5M EVENTUALLY?)

POLAR ULTIMATE AGGREGATED CAPABILITY ~15-18 BANDS
50M, NOW -10M, LATER

SYNCHRONOUS IDESIRED AGGREGATED CAPABILITY ~15-19 BANDS
APERTURE MAJOR LIMIT —= OPTIMIZE FOR MAX
POSS{BLE APERTURE

SPECIAL PURPOSE PREDAWN THERMAL
WATER QUALITY
OCEAN COLOR ]

Figure 5.5~5. Scanner Development Recommendations
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SECTION 6
GROUND SYSTEM

In R&D operations, remote sensed data is disseminated through discrete and controlled channels to experimenters
and selected Federal Agencies, As operational systems come on line, and as user requirements broaden to include
multi-disciplinary needs covering both remote sensed and other ancillary data, the data flow will increase and the
single thread R&D approach will be unable to respond. A total systems approach is required to agsure that the out-
puts of all earth resources data acquisition sysiems are readily accessible to all potential users whether they be
technical or nontechnical, or whether they be part of Government, public, or private agencies.

This section presents the results of the Ground Systems portion of the TERSSE effort, The subjects covered include:

e 6,1 - Overview and Conclusions

e 6.2 - Data Acquisition

e 6.3 - Data Preprocessing

e 6.4 - Extractive Processing

e 6.5 - Auxiliary Data Processing Elements
e 6,6 - Ground System Configuration

e 6.7 - System Operation

6,1 GROUND SYSTEM OVERVIEW AND CONCLUSIONS
The Total Earth Resources System for the Shuttle Era, TERSSE, has been considered throughout this report as being

comprised of three major elements; platforms, sensors, and ground systems. This section of the report addresses
itself to those elements of TERSSE considered as part of the ground system. The expanded definition of the ground

system used during the study is portrayed in Figure 6,1-1 and can be seen to include the elements of Ground Station,
Preprocessing, Extractive Processing; User Models, and Users, as well as the overall System Operational consid-

erations,

The ground system is the interface between the collection system (remote sensing platforms and sensors) and the

user community, Existing ERS systems are adequate for the present needs because thoge needs are experimental,

“or Rand D, in nature. The present needs can be characterized as being a thorough broadly oriented analysis of

relatively limited quantities of data. This is in contrast to the needs of the TERSSE time frame where the users
will be operational, requiring the routine and timely handling of large quantities of data (each for more narrowly
oriented analysis), The TERSSE ground system must be developed to satisfy thosé needs within the overall context
of the entire TERSSE system, including consideration of remote sensing platforms, sensors, communications,

users' needs and capabilities, and the available technology.
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: USER
RAW DATA PROCESSING INFORMATION
s e———
FACILITIES

GROUND EXTRACTIVE

STATION PREPROCESSING PROCESSING USER MODELS USER(S)
COMMUNICATION LINK TYPES REQUIRED TYPES REQUIRED IDENTIF ICATION WHO
RECORDING RATE TIMELINESS CENTRALIZATION COMMONALITY WHERE
PHYSICAL LOCATION THROUGHPUT RATE INFORMAT ION FLOW MULTI-IFUT INFORMATION NEED
GROUND DATA TRANSFER CENTRALIZED ARCHIV ING NEEDS TIMELINESS TIMELINESS
GROWTH POTENTIAL BASIC APPROACHES TIMELINESS DISTRIBUTION

LLOADING CURVES COMMONALITY

LLARGE NUMBER OF INTERRELATED ISSUES REQUIRE THOROUGH ANALYSIS AND TRADEOFF

Figure 6.1-1, Ground System Requirements

The ground system design must take into consideration the growth and maturation of the TERSSE such that the costs
and implementation are consistent with the users' ability to exploit the output information, The ground system must
begin modestly and grow (evolve) in a planned manner in order that its capabilities are matched with its requirements.
This evolution can be accomplished with greater efficiency if the overall design concept 18 kept in mind as increrient-
gzl capability is added.

What is needed is an integrated data collection and dissemination system architecture which will systematically
evolve into the capability to adequately provide for the impending change in mode of ERS usage: from R&D to oper-
ational, This system should be able to effectively channel the application of existing technologies into operational
resource management applications, It is the projected growth in both the breadth and the depth of the operational
applications which is potentially the most dramatic difference between TERSSE and the systems of today.

The important conclusions and recommendations developed throughout this Ground System section can be summarized

as:

1, A single, Coherent and integrated ground data processing/distribution system was developed which will
serve all TERSSE users,
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2, The concept for the data processing function makes a distincijon between the basic preprocessing needs
which are allocated to a national center and the other functions (more user unique) which are allocated to
several "lead Federal agencies, "

3. The need for significant additional study in %ne realra of operations technology has been identiﬁ'ed.

4, Multi-source data correlation is identified as the next major advance required in geometric preprocessing;
film and digital data from different sensors at different times must be transformed into user tailored grids,

5. Photointerpretation and machine analysis are not competitive but are complementary techniques for extr-
active processing; fast interactive systems are the route to their joint usage and should be pursued by the
ERP,

6. Data systems equipment and hardware technology is advancing rapidly without ERS assistance. The ERS
system design must exploit this by focusing development and application on needed special purpose hardware.

7. The ERS ground system should parallel the user's structure, Terminus facilities should be mission
oriented and co-located with users - not super regional satellite data centers serving all comers.

This section of the TERSSE report develops a ground system configuration which is responsive to these overall
system requirements, Referring back to Figure 6.1-1, there are two elements depicted which are not addressed
in this section. The ground system element labeled '"User Models'" is discussed at length in a separately bound
TERSSE report volume; Volume 7 entitled, User Models: A System Assessment. The element labeled "Users" is
explicitly addressed in the TERSSE report, Volume 1, entitled, Total Earth Resources Program Scope and Infor-

mation Needs,

6.2 DATA ACQUISITION
The acquisition of data by the system may be accomplished through the use of any or all of the platform/communi-

cation paths shown in Figure 6,2-1, Of concern in the definition of the total system are the trade-offs among the
parious means of communication the data to different receiving sites: Aircraft or spacecraft direct te ground, and
afrcraft or spacecraft relayed through a synchronous satellite. This question has been the subject of a Task 3/4

analysis, the results of which are shown in graphical form in the following subsections,

The questions addressed by the analysis were not go much intended to provide the specific wattage or antenna size
of a given satellite as they were to indicate the basic possibilities or impossibilities of doing a given data acquisition

job a given way.
The observations possible from these efforts are:

1, A small (0,3 meter) fixed antenna for single frame coverage would minimize local ground antenna costs but
would be prohibitive in its demands on spacecraft EIRP., A better approach is a small (3.0 meter) steerable
dish which would both extend coverage to many frames and lessen the requirement on the polar spacecraft,

2, This same 3-meter dish could receive real-time 15 bit/sec data from a very modest transmitter mounted
on an aircraft working in its region,
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Figure 6.2-1, Data Acquisition Configurations

3. Data relay satellites at K-band, such as TDRS, are rather demanding of the polar spacecraft EIRP but do
not require massive ground receive antennas, Multiple TDRS stations would not be excessively costly in
an all-up system,

The topics covered in the following subsections aie:

e 6.2.1 - Low Altitude Satellite EIRP Requirement (Major Ground Stations)

e 6.6,2 - Low Altitude Platform EIRP Requirement (Minor Ground Stations - S-Band)
e 6.2,3 - Satellite or Aircraft Power/Antenna Gain Combinations (S-Band)

e 6.2.4 - Low Altitude Platform EIRP Requirements (Minor Ground Stations - X-Band)
e 6.2,5 - Satellite or Aircraft Power/Antenna Combination (X-Band)

e 6.2,6 - EIRP Requirements for Low Altitude Satellite Through TDRS to Earth

e 6.2,7 - Satellite Power/Antenna Combination (Ku Band)

e 6.2,8 - Synchronous Satellite EIRP Requirement (Ku Band)



6.2,1 LOW ALTITUDE SATELLITE EIRP REQUIREMENTS (MAJOR GROUND STATIONS)

The first graph of the series, Figure 6,2-2 below, translates sensor bit rate into satellite effective isotropic
radiated power (EIRP) at S or X band for major ground facilities such as the NASA network and the 30 foot dish to :
be operated at Sfoux Falls by USDI, i
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Figure 6.2-2, Major Ground Station EIRP Requirements :

6.2,2 LOW ALTITUDE PLATFORM EIRP REQUIREMENTS (MINOR GROUND STATION - S-BAND)

Figure 6,2-3 illustrates aircraft and satellite EIRP required to communic:ite at S-Band with several types of minor
ground stations at varying bit rates. The uppermost pair of lines refers to a 60° (full angle) ground antenna fixed ,;
in the vertical direction and should be read as the 60° elevation angle scale for EIRP. Sixty degrees was chosen as ?

a beam angle corresponding to regional coverage, approximately 1850 km (1000 nm) in diameter,

The middle pair of lines refers to a steerable but small (0.3 m) dish and may be read frrom any EIRP scale to obtain
EIRP for different elevation angles. It should be noted that a 0.3 m dish at S-Band, if fixed vertically, would pro-
vide coverage of approximately one ERTS frame (185 km 100 nm), ;

The lower pair of lines refers to a steerable 3 meter dish, The feasibility of performing operations with such
ground stations may be assessed by comparing this graph with the following one.
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Figure 6.2-3, Minor Ground Station EIRP Requirements (S-Band)

6.2.3 SATELLITE OR AIRCRAF: POWER/ANTENNA GAIN COMBINATIONS (S-Band)

The graph below, Figure 6.2-4, may be used to obtain platform transmitter power required for various platform

antenna sizes as a function of the required S-Band EIRP. For example the fixed 60° antenna referred to in the pre- l}
vious chart may be seen to require 48 dBw of satellite EIRP to transmit at 15 bit/sec resulting in, say, a 1,0 o
satellite antenna and a 1.0 m satellite antenna and a 120-watt transmitter,

6.2,4 LOW ALTITUDE PL.ATFORM EIRP REQUIREMENTS (MINOR GROUND STATION - X-BAND)
Figure 6, 2-5 illustrates the X-Band EIRP required for three ground station cases analyzed earlier. Tt should be
noted that the center set of lines no longer corresponds to a single frame of coverage, as the antenna cone angle is

reduced by approximately a factor of four by the change from S- to X-Band,

6.2.5 SATELLITE OR AIRCRAFT POWER/ANTENNA COMBINATION (X-BAND)

Figure 6.2-6 may be used to obtain platform transmitter power required for various platform antenna sizes as a
function of the required X-Band EIRP, The previously discussed example of a 60° fixed ground antenna receiving
MSS data now requires approximately 62 dBw of EIRP, resulting in, say, a 300-watt transmitter and a 1.0 m dish,
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6.2.6 EIRP REQUIREMENTS FOR LOW ALTITUDE SATELLITE THROUGH TDRS TO EARTH

Figure 6.2-7 illustrates the EIRP required to transmit at Ku Band to various Earth stations via a typical TDRS,
The graph is characterized by two types of asymptotes; a sloping line defining the uplink limit case and vertical
lines approached asymptotically by the different ground receiver curves as the downlink is reached.

It may be seen that substantial satellite EIRP is required (58 dBw) to transmit ERTS MSS data through this typical
TDRS (which is similar to the current NASA baseline) but that a relatively modest ground antenna is required, say,
a 3,5 m dish,

' 6.2,7 SATELLITE POWER/ANTENNA COMBINATION (Ku BAND) »
Figure 6.2-8 may be used to obtain the satellite transmitter poswer required for various gatellite antenna sizes as a
function of required EIRP at Ku Band. The previous example of transmitting MSS data at 15 bit/sec through the
TDRS is seen to require 55 watts of power transmitted through a 1 meter antenna to achieve the required 58 dBw
EIRP,

6.2.8 SYNCHRONOUS SATELLITE EIRP REQUIREMENTS (Ku BAND)
Figure 6,2-9 illustrates the Ku~Band EIRP required of a synchronous observatory such as SEOS to communicate
with various ground receivers. The previous curve, Figure 6.2-8, relating Ku-Band EIRP to antenna size and

transmitter power may be used to obtain the latter parameters.
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6.3 DATA PREPROCESSING

Preprocessing includes all those operations which are necessary to retrieve the desired information (i.e., approxi-
mate distinguishing characteristics) from data which has been radiometrically and geometrically contaminated by
"noise' during the collection process, A comprehensive discussion of the various preprocessing techniques and
their degree of technological advancement is contained in the TERSSE report, Volume 2, An Assessment of the
Current State of the Art, The purpose of this section is not to repeat that discussion but ratier, to consider the

preprocessing requirements of the various users/resource managers as a key part of the 1980's TERSSE.

One of the significant TERSSE conclusions which arose from this preprocessing investigation was the need to i
establish an integrated systems approach to data grids. Most ERS mission/users have their own frame_a-of—reference;

in some cases this is a longitude/latitude geographic reference system, in others it is a different X~Y reference

system. The source of the remotely sensed data (and the particular reference system within which it is collected)

should not be of concern to the user; the TERSSE should adapt this data to the user's particular reference frame.

As shown in Figure 6-3. 1 there can be multiple data collection grids(two are shown on the figure as squares and

circles) which must be converted to the users reference frame (shown on the figure as dashed lines),

g
4

Mg

Figure 6,3~1, The Data Gridding Problem
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The current and projected capabilities of special purpose digital hardware makes the digital manipulation of large =
volumes of individual pixels straight forward. This teclinology should be used in order to get multi-source data into

the user's frame-of-reference. The correlation of multi-source data is the next major required advance in geo-

metric preprocessing; both film and digital data from different sensors, acquired at different times, should be

transformed to user tailored grids,

6.3.1 BACKGROUND AND TERMINOLOGY

The preprocessing subsystem receives multi-dimensional raw data from the data acquisition subsystem (i, e.,
sensors) and performs those functions which are necessary to quantitatively restore the original fidelity to the data
and produce sufficiently accurate approximations to the desired distinguishing characteristics of the sensed materials,
The function of image preprocessing is to retrieve desired information from data which has been contaminated,
radiometrically and geometrically, by "noise" introduced during the collection process so as to make the data
intelligible and useful for the user. No amount of processing can increase the information content of the data - it

can only make the information that is already there more usable.

Images, in an earth resources context, are arrays of data elements (pixels, picture elements, or resels, resolution
elements), which represent a record of events or conditions on the earth at a given instant of time. This data is

generally used in one of three ways:

1. Inspection and analysis of the data (i.e., in photographic format) with the eye, where the precesion of the T
radiometry and geometry may be secondary. In fact, distortion of these quantities may enhance the capa- l}
bility of the eye/brain system to perform data extraction,

2. Automated numerical analysis and data extraction where the precision of the geometry and/or radiometry
may be of paramount importance.

3. A combination of the foregoing two, where the automated analysis is used to enhance and expand the human
visual operations and vice verse.

Preprocessing functions for conventional imaging sensors can be grouped into two major categories, vis, radio-

metric correction and geometric correction.

6.3,1.1 Radiometric Correction

The purpose of the radiometric correction function is to remove evrors and anomalies in received radiance to allow
the recovery of the reflectance distinguishing characteristics., As shown in Figure 6. 3-2 radiometric correction
functions can be grouped into three general areas dealing with the removal of the effects from (a) the data collecticn

instrument, (b) the viewing and illumination geometry; and {c) the atmosphere (down and up).
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Figure 6, 3-2, Radiometric Correction

Atmosphere
At present the radiometric quality of multispectral sensor data is limited not by sensor technology, or available

flux, but rather by the degradation caused by the atmosphere. As spacecraft sensors become operational and the
volume of data increases, it is important that suitable algorithms be developed which can be used to correct remotely

sensed data for atmospheric effects.

Viewing and Mlumination Geometry

The effect of viewing and illumination geometry on the calculation of multiplicative and additive correction functions
to spectral reflectance has been shown to be very important under some circumstances, The solar altitude, eleva~-
tion and azimuth look angie, as well as average background albedo have a significant effect on absolute reflectivity
determination of an object. Corrections for viewing and illumination geometry may be made with a considerable
degree of ease and accuracy, Many of the thrusts to arrive at the determination of atmsopheric effects on remote

sensed Earth resources data have included the effects of viewing geometry.

Instrument Effects

The state of the art has advanced considerably in the area of correcting for radiometric errors in the data due to
instrument effects, Removal of errors due to the instrument require s that extensive pre-flight calibration measure-
ments be carried out. In certain instances periodic inflight calibration measurements are made and used to update
corrections applied to the data, Camera calibration laboratories perform radiometric calibration and modulation
transfer function definition of optical systems (e.g., lenses, filters, detectors, etc,) in order to reduce the residual
error in resulting radiometric data, The calibration functionis required vary considerably in both nature and com~-

plexity for different types of sensors.
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In assessing the radiometric preprocessing requirements of the users for TERSSE, three "levels" or degrees of

radiometric correction were established, These three are: L }
e 1A = Relative Atmospheric Correction (within a frame)
® 1B = Relative Atmospheric Correction (frame to frame)
& 2A = Absolute Radiometric Calibration (atmospheric effect removal)

Relative Atmospheric Correction (within a frame)

This degree of radiometric correction causes each pixel within a frame to exhibit the proper radiometric spectral
intensity with respect to the other pixels in the same frame. The two principal effects which are to be corrected
are the detector to detector variations along the sencor array and the lower order radiometric differences from the

frame center to the edges of the frame caused by viewing geometry.

Relative Atmospheric Correction (frame to frame)

This level of radiometric correction causes all pixels, including those displaced in time and distance from each
other, to exhibit the proper relative spectral intensity with respect to each other, The principal differences be-
tween this correction and the previous one, within a frame, is that now larger effects of time (multiple images
taken of the same area over a long period of time) and distance (images taken at different areas separated by hun-
dreds of kilometers) must be included, The principal new effect which must now be included in the correction

process is the variation of atmospheric and illumination effects,

Absolute Radiometric Calibration

This degree of radiometric correction allows the radiometric spectral intensity of each pixel to be known in times
of absolute measureable units such as milliwatts/square centimeter/micrometer of spectral range, This correction
is necessary where the actual ground radiance is of the essence in the measurement (primarily for those appli-

cations utilizing theoretical models developed in absolute terms),

6,3.1.2 Geometric Correction

A key requirement of an automatic multidimensional analysis system is the availability of a set of congruent
measurements for each resolution element in the image. Multiple measurements from each image resolution
element offer a means of improving the accuracy of recognition of the properties of the scene over that attainable
using one dimension, Measurements of reflectance and radiance from microwave, thermal, and reflective infrared,
through the visible wavelengths and into the ultraviolet region, can be utilized for analysis of each image point if

congruence of these measurements can be achieved.
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The necessity for geometric correction is generated primarily due to (1) uncertainty in platform position and
motion (ephemeris, attitude and attitude rates), (2) sensor-induced distortions (aberrations, smear, boresighting,
etec, ) and (3) geometry of the imaging process (rotation of the earth, terrain elevation, viewing perspective). An
additional and paramount requirement stems from the need to correlate pixels from multiple sources which produce

X-Y pixel arrays or images which are not colinear with each other,

Many of these sources of geometric error can be minimized by calibration measurements of the sensors and associ-
ated electronics prior to and during the flight, measurement and/or control of platform dynamics and knowledge of
the viewing geometry. In many remote sensing systems, measurement of the internal distortions related to the

sensor is easily accomplished.

The requirement for ground registration accuracy is determined by the application of the data, A user who wishes
to do only manual photo interpretation for purposes of change detection or geologic applications does not require
very stringent absolute geometric accuracy, However, for mapping purposes or for automated information ex~
traction, the geometric accuracy of the preprocessed data should be to at least within a picture element and prob-
ably to sub-pixel accuracy. This requires either very accurate knowledge of the parameters which affect geometric
accuracy or the use of ground references. If the data system concept is to preprocess, store and correct all data
from a given source or sensor to a single geometric accuracy, then the most stringent requirement will determine

that accuracy,

In order to accomplish the task of being able to precisely register to sub-pixel accuracies data from different sensors,
time periods and sources, the data must be fit to some absolute reference grid or projection (e.g., the latitude/longi-
tude grid using a specific reference spheroid, the UTM projection,. etc,), This requires that the position of each
point with a given radiance value be precisely determined and then moved to that point (hybrid approach) or the
radiance value for a specific location on the reference be determined from a knowledge of adjacent radiance values
from the data (digital approach).

The accuracy of applying geometric correction without ground control is primarily limited by the platform position
and dynamics, and the geometry of the imaging process (e.g., curved earth, terrain elevation, viewing perspective).
Sensor induced errors due to observatory, non-linear sweeps, boresighting, etc. can generally be minimized by
measurement and calibration of the sensorsand associated electronics. In most remote sensing systems, this is

easily accomplished.
The geometric correction process, regardless of the method of implementation, involves the completion of three

basic functions which are: registration, correction function calculation, and rectification, These are depicted in
Figure 6. 3-3.
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Figure 6, 3-3, Geometric Correction

The registration function involves the identification of reference or control points or areas in the data and the

measurements of their location to sub-pixel accuracy.

The correction function calculation process involves the determination of the x and y correction necessary at every
point in the data in order to remove the distortions present and fit it to the actual location in some desired pro-

jection or reference grid system.

The rectification process implements the calculation corrector fit by reformating the individual pixels (l.e., rubber
sheet stretch) to make them correspond to their actual location. The reformating involves interpolation in all but

the simplist schemes, Interpolation is carried out by weighted averaging in the neighborhood of the "new ' pixel
sin x

according to one of several schemes such as or linear weighting,

In assessing the geometric preprocessing requirements of the users for TERSSE, three 'levels" or degrees of

geometric correction were established, These three are:

e 1

Local Map Grid

e 2

Local Map Grid Rotated

¢ 3 = Remapped into Geographic Coordinates
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Local Map Grid
The Local Map Grid level of corrections applies a "local" sensor oriented reference grid to the radiometric

intensity data, No effort is made to orient this data reference grid with respect to any other reference grid or
coordinate system, The correction supplied with ""bulk ERTS" geometric preprocessing would be an example of this

degree of preprocessing.

Local Map Grid Rotated

The Local Map Grid Rotated type of correction is quite similar to the previously described Local Map Grid in that
the convenient ''local" sensor reference frame is the basis, However, in this scheme the image frame and the scan
lines are rotated so as to be in alignment with a North-South reference. In other words, 'up is North", Note,
however, that this correction only applies a rotational correction to the image frame, translational correction for
full geographic correction is still not present, The geometric correction associated with the "LARS" approach

would be an example of this degree of preprocessing.

Remapped into Geographic Coordinates

When an image frame has been ""Remapped into Geographic Coordinates'' that indicates that it has undergone com-~
plete rotational and transglational correction such that it is referenceable to an established coordinate system,
usually established by the user, This correction includes the annotation of the image data so that any pixel, picture
element, can be referenced via a longitude, latitude geographic coordinate system, The correction referred to as
"ERTS precision' is a partial example of this degree of preprocessing; it is a partial example because the image

is referenceable only as a whole - not on a pixel by pixel basis.,

6,3,2 USER MISSION REQUIREMENTS

Each of the 285 User Tasks (specific subdivisions of the 30 basic TERSSE missions) were analyzed as to their
specific preprocessing requirements, This was done for both the geometric corrections and the radiometric
corrections necessary in order to extract the required information from the remotely sensed data. The specific

requirements for each User Task are detailed in the computerized data compilation of Appendix A.

One way to examine this data is to plot it in the form of histograms showing the number of User Tasks which re-
quire each type of correction technique. These histograms are shown in Figures 6, 3-4 and 6. 3-5 for the geometric

and radiometric corrections respectively. The same data is shown in tabular form in Table 6. 3-1.
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Table 6.3-1, Number of User Tasks Requiring Preprocessing by Type Required

Resource Geometric Radiometric
Discipline 1 2 3 1A iB 2A
Agriculture 4 10 | 21 0 25 24
Energy & Minerals 0 22 | 27 0 49 49
Forest 7 4 19 11 18 8
Land Use 0 4 51 0 56 22
Water 0| 41 | 44 0 57 70 i
Marine 0| 1 {34 | 11| o0 | 31
11 | 82 {196 | 22 | 205 | 204

Geometric: 1 = Local Map Grid (e.g., bulk ERTS)
2 = Local Map Grid Rotated (e.g., LARS approach) .
3 = Remap into Geographic Coordinates (e.g., ERTS precision)

Radiometric: 1A = Relative Atmospheric Correction ~- within frame

1B = Relative Atmospheric Correction -- frame to frame
2A = Absolute Radiometric Calibration -- atmospheric effect removal
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When viewing these plots it must be kept in mind that this approach treats all User Tasks equally; no distribution
is made as to relative worth or importance, It can, however, be useful for detecting clusters or trends in the
distribution. Note that the sum of the distributions exceed the number of User Tasks; this situation arises be-
cause some User Tasks extract more than one class of information from the data, and thus may use more than

one type of preprocessing. This data reflects the number of User Tasks and does not include the number of spectral

bands of each; as such it indicates the distribution of requirements.

The data is not weighted by the number of spectral bands to be processed for each User Task., For example, a
rough count of the spectral bands for radiometric preprocessing showed twice as many (about 1300) for type 1B #

than for type 2A (about 650 bands) corrections; a significant difference when the User Tasks count are the same

(205 and 204),

The last two factors which need to be considered in order to compare the relative volumes of preprocessing cor-
rections by type of correction are the area and frequency of coverage. Different User Tasks cover different
amounts of geographic area at different repeat cycles; therefore they are expected to have quite different volumes
of data to be preprocessed. A User Tasks which cover most of the United States every two weeks represents a
substantially different system loading from a User Tasks which covers only the Great Lakes four times a year,
This overall loading by preprocessing type was not investigated as part of this TERSSE study. r

ey
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6.4 EXTRACYTIVE PROCESSING

Information extraction, extractive processing, can be defined as the process of converting image data into parametric
information such as the identification and classification of wheat fields from a multi-spectral image, Specifically it
is the process of converting n-channel spatial array data (ie., an image from any sensor in any spectral band) ipto
user-oriented parameters. A comprehensive discussion of the various extractive processing techniques and their
degree of technological advancement is contained in the TERSSE Volume 2 report, entitled An Assessment of the
Current State of the Art, The purpose of this section is not to repeat that discussion; but rather, will consider the

extractive processing requirement of the various users/resource managers as a key element of the TERSSE,

6.4,1 BACKGROUND AND TERMINOLOGY

As seen in the followinhg generic depiction, Figure 6, 4-1, of an Earth Resources data system, extractive processing,

PREPRO:CESSING EXTRACTIVE PROCESSING

MACHINE-AIOED

__l—_ PHOTOINTER-
PBE]A] {ON
FEATURE FEATURE

ANCILLARY _of  papjOMETRIC  f—=  MULTI-IMAGE APPROXIMATE

DATA CORRECTION CORRELATION  }~-={DISTINGUISHING EXTRACTION  t—a{  REDUCTION : PARAMETERS
RAW SENSOR— - CHARACTER- AND SELECTION !

DATA 1STICS

AUTOMATED
MULTI-FEATURE
ANALYSIS

\_/ /N /

DATA DATA DATA
STORAGE REPRODUCTION DISTRIBUTION

Figure 6,4 -1, Generic Earth Resources Data System

Figure 6. 4~1, Generic Earth Resources Data System includes all those operations which convert the approximate

distinguishing characteristics into user oriented parameters, The sequential functions in information extraction

are shown in Figure 6,4~2, They include:
e TFeature selection/extraction: obtaining the features or characteristics of the scene which can be used to
identify points or objects in the scene,

e TFeature reduction: a linear transformation of the features obtained akove to gain, hopefully, a minimum
optimal set of features which will be sufficient to identify objects or points in a scene.

e Feature classification/estimation: the conversion of feature measurements into user oriented parameters

{i.e., corn yield, soil moisture, etc,)

These functions are briefly described in subsequent paragraphs.,
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Figure 6,4-2, Information Extraction Functions
6.4.1.1 Feature Selection/Extraction

Feature selection/extraction ( Figure 6.4-3) is the initial and most critical step in any machine~-aided information
extraction approach because subsequent extractive processing functions must utilize these features to achieve the

desired result,
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Figure 6.4-3, Feature Selection/Extraction

The purpose of feature selection/extraction is to identify and generate those features which can contribute to the
recognition and/or separation of classes of objects. Effort to date has been concentrated in the visible and near
IR and has been primarily spectral analysis, Additional development work is required to bring the spatial and

temporal areas up to the current level of spectral techniques,

Table 6, 4-1 lists the various techniques utilized in the feature selection/extraction process, Each of the four major
categories of techniques are briefly described below,




Table 6,4-1, Feature Selection/Extraction Techniques L J‘

1, Discrete Point Measurements 3. Spatial Measurements On N x N Gridded Areas
~  Polarization ~  Transformation
-  Spectral Band (X-ray to Radar) (Hadamard, Fourier, Karhune Loeve)
-  Spectral and Polarization ~ Geometric Measurements
Combinations Vs, Observation Area, length, perimeter, aspect ratio,
Angle and Time Spatial moment, texture measurements

- Radiometric Measurements
(Expected value, variance)

2. Local Spatial 4, Function of Discrete Point Measurest

Features Derived From the Above - Ratioing
Measurements

-~  MxM Window Filters (M = 5-10)

- Normalization

~ Ratio of Ratios
Operating on Each Pixel

Smoothing, Laplacian, Gradient,
Correlation Filter & Filter Sets
-  Bilevel Image Extraction via Thgesholding :.,

Discrete Point Features. The radiometric image data that is recorded in a spectral channel is a fanction of

(1) the energy in a spectral band; and (2) the energy with a particular polarization as received by the sensor. If
during the preprocessing the illumination, atmosphere and sensor radiometric errors have been reduced or el~
iminated, then the intensities in the data are a function of the properties of the object in the scene, Thus the radio-
metric intensities in a channel can be considered a feature which is useful in idéntifying points or objects in the
scene., The n-channel radiometric image data can be considered as n-feature where each feature channel can have

a different value for each point in the image,

If images acquired at different times and observation angles for a given scene are corrected to the same reference
frame via geomefric preprocessing, then the polarization and spectral features can be a function of the observation
time (t) and angle @). For each value of t and § there are a new set of n-features (one for each channel of the n-

channels of radiometric image data for a given time and observation angle), Hence the number of features expand

rapidly as the speciral/polarization bands and the number of observation times/angles increase,

A unique characteristic of the above features is that each feature or channel has a value for every point in the image
wiiich is only a function of the radiometry at that point features,

. f)
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Local Spatial. The previous discussion was limited to those features (one channel of image data) which were a
function of the radiometry at each point in the image, i.e,, the spatial radiometric variations (variations between
adjacent picture pgints in the image x-y plane) were not considered. The determination of variational characteris-
tics between adjacent picture points for each point in an image is referred to as immediate neighborhood spatial
feature extraction, These features are similar to the discrete point radiometric features in that each feature has

a value for each point in the image, Examples of these features are spatial features derived from:

1, Spatial filtering of discrete point features, i, e., n-channel gradient, Laplacian, smoothing, high and low
pass filter, match filter sets, etc,

2, Bi-level image obtained by thresholding the above features,
The gradient and Laplacian type operators followed by selected thresholding have recently been used to extract
boundaries and homogenous training areas for both supervised and unsupervised learning, Matched filter sets have

been used to extract line segment, arcs, and other simple geometric slopes from gray level images,

Area Dependent Spatial Features, The features discussed so far have the characteristic that the feature (channel)

have a valug at every point in the scene. Area dependent spa?ial features are different in that there are only fea-
ture values for each array of picture elements in the scene. The array can be a small segment of an image or the
total scene. Arrays can be square (N x N pixels), polygons, or any arbitrary shape, The array can be pre-defined
(i.e., a N x N segment of an image) or derived from the discrete point features of the scene via spatial filtering
and thresholding, classification, or other techniques, Examples of area dependent spatial features are:

1, Transformations (i.e,, Fourier, Hadamard, Karhune Loeve) of N x N pixel arrays,
2, Area, length, perimeter, aspect ratio, expected value, variance, spatial moments, texture measurement,

ete, of each array,

Most of the recent work with remote sensing applications has centered around transformation or texture measurement

for predefined N x N pixel segments in a grided gray level image,

Function of Descrete Point Measure, These functions consist of the ratioing of features or the normalization of

features, Normalization of features is used to represent the division of each feature by the average value of a
feature for a given observation time or angle, These functions have several benefits: (1) they further reduce
radiometric error not removed during the preprocessing step; (2) they can reduce the number of features by one;
(3) most importantly, they can produce new features which are more representative of the object of interest in the
scene, These funtions have been incorporated into several multispectral analysis systems which are near opera-

tional on an experimental basis,
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6.4.1,2 Feature Reduction

Feature reduction techniques (Figure 6,4, —4) attempt to reducethe number of features to the minimum number which

can sufficiently recognize and/or separate given classes of objects. This reduction in the number of features can

significantly reduce the time znd effort required to classify sets of objects for a given application,

FEATURES

- POLARIZATION (B, T)
- SPECTRAL (8, T)

FEATURE

- LOCAL SPATIAL (S, P)
- AREA SPATIAL (S, P)

—IREDUCTION

MINIMUM

—*= OPTIMUM

FEATURE SET

CLASSIFIER SENSITIVE
SENSOR SENSITIVE
APPLICATION ORIENTED

o SPEED/ACCURACY TRADEOFF
TRADEOFF W1TH CLASSIFIER SPEED

Figure 6,4 -4, Feature Reduction

From the discugsion on Feature Selection/Extraction it was shown that many features could be measured or de-

rived for a particular ground scene. Consider the case of overflights, with 4 spectral bands, each of a given

ground scene, When consideration of spatial and ratioed features is included we could have the following situation:

Each of these 96 channels/features could consist of 16 million picture elements (pixels) of 6-16 bit dynamic range,

and could be useful in identifying objects or points in the scene.

16 Descrete point features - 4 bands, 4 overflights
%6 Spatial and ratioed features extracted for each discrete point feature

96 Features or Channels

To try to process the quantity of data would be

very time consuming, even with high-speed special purpose hardware, It is thus desirable to select the minimum

subset of features or linear combination of features which will produce satisfactory object recognitions or class-

ifications, The reason for using new features that are linear combinations (transforms) of the original features

is that in most cases fewer transformed features are required to obtain the same degree of classification accuracy.

Ideally, the optimuin set of new features would be obtained by selecting the minimum set of transformed features

that would produce the desired classification accurately with the classification algorithm being uzsed, However,

this apparently straightforward method is usually not practiced because the time to select the optimum features

would be longer than the time to classify using the original features.

Thus a whole family of feature reduction al-

gorithms have been developed which show some degree of optimality under certain conditions, These are listed

in Table 6,4-2 in approximate order of increasing effectiveness and computation time,
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Table 6,4~2, Reduction Techniques

. Select input channel with largest variance

. Maximum or minimum eigen values of multi-class cluster

. Minimize error using subset of original channels by use of a linear classifier

5, Maximize (1) inter - to intri~class scattering or (2) distance - function using the best subspace of the
original channels

6. Minimize error using the subspace by use of a linear classifier

7. Minimize error in subspace using the best available classifier

1
2
3. Maximize (1) inter - to intra-class scattering or (2) distance - function using subset of original channels
4

The final two methods are one function of the composite class distribution and as such do not guarantee an optimal
separation of the classes, However, these are the only methods of feature reduction that can be applied prior to
clustering type classification, because in the clustering approach no a priori individual class distributions are
known, The remaining approaches can only be applied when a training site (supervised) machine training approach
is used, In addition, approaches 3 through 7 utilize optimization techniques which require an interactive solution

and as such can require a long solution time for the many channel, many class problem,

6.4,1,3 Feature Classification/Estimation

Feature classifivation/extraction (Figure 6,4-5) algorithms transform sensor oriented radiometric data (features)

into user oriented parameters or themes needed to produce application information (e. g,, user model inputs, sta-

tistical summaries, etc,). MACHINE AIDED
PHOTO INTERP.
The speed and accuracy with which this function can be
SUPERVISED
performed is very dependent upon the validity of the L— a4 LEARNING &
minimum "optimum!'" feature set., Then classification CLASSIFICATION
. s R R - PARAMETERS
techniques are well into the implementation stage but NIMUM
. . . M UNSUPERVISED ———
require additional developments in rapid throughput OPTIMUM Ll (FARNING &
mechanization, Estimation techniques again zre lag- FSEa_TURE CLASSIFICATION
ging even though the basic physics is understood. Dev-
elopment is required in relating the features analyzed ESTIMATION
to the desired output parameters, ¢ TRAINING TECHNIQUE
o ALGORITHMS
o APRIORI INFORMATION
Given an optimal set of spectral, polarization, tem~ : :‘3%6&%?{}:5%%&TEISKCCUR ACY
poral, angular and/or spatial features, these features . '(T}RbAnl’ TJIThS“G UPDATES
)
must be used to classify or estimate points or objects o EFFECTIVE HUMAN INTERACTION
in a scene in order to obtain user oriented parameters, Figure 6,4 -5, Feature Classification/Estimation

The relation between the features and parameters can vary from deterministic to statistical, If this relationship

is deterministic, i,e,, the parameter is a monotonic function of the n-features, then the parameter can be estimated
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from the features, These functions are referred to as parameter estimation techniques and are in an early ex-~
perimental state, Though the basic physics indicates that many of these deterministic relationships should exist,
the models relating features to a particular parameter have been derived for only a few cases, These estimation
models are very specific in that each model applies only to particular parameters (i.e,, water depth for clean

water),

On the other extreme, a statistical relationshin may exist between the parameter and the features, In this case

a given set of feature values will correspond to a given parameter, The process of determining a given parameter
from one of a set of feature values is called classification, A graphic representation of estimation and classifica-
tion is shown in Figure 6,4~6,

PARAMETER CLASSIFICATION
PARAMETER ESTIMATIONS

OTHER ——

PARAMETER 3

PARAMETER
VALUE

PARAMETER 2 —_—

PARAMETER 1

OTHER

FEATURES VECTOR
R FEATURE VECTOR

Figure 6,4-6, Parameter Estimations
Between the above two extremes is a method which can be considered to be classification followed by estimates
of the valv: of the classified parameter. This is shown graphically in Figure 6,4-7, From a classification view-
point this method can be considered as a continuous subclassification of a particular class or mixture of classes,

The complex mixture algorithm for subpixel interpolation falls into this category.

The various classification and estimation techniques available are shown in Table 6, 4-3,
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Table 6.4-3, Classification/Estimation Techniques

Supervised

Machine Aided
Gamma stretching
Color X-Function
Level slicing
Rationing
Clustering
Local spatial operations

Area spatial operations

Training sites

Training sites plus unsupervised update
Unsupervised

Spectral clustering

Spatial/spatial clustering

Spatial derived training areas
Estimation

OTHER e ——— e e
WHEAT _—— e —
MIXTURE OF
CORN & WHEAT
CORN ————
SHALLOW |
WATER
DEEP —_——
OTHER

FEATURE VECTOR

Figure 6,4~7, Continous Subclassification of Particular

Classes

6.4,2 DEFINITION OF TERSSE EXTRACTIVE TECHNIQUES

i

Table 6,4-4, Extractive Processing Techniques

TECHNIQUE

DESCRIPTION

1A
1B

SA
5B

Manual Interpretation

-~  Color Additive Viewing
- Black & White Image Interpretation

Simple Enhancement

~  Color Composite Ratio
<~  Color Level Slice
-~  Black & White Ratio

Supervised Pattern Recognition

~ . Spectral Features -
- Spectral-Spatial-Temporal Features

Unsupervised Pattern Recognition

- Spectral Features
-  Spectral-Spatial-Temporal Features

Estimation

- Spectral Features
-  Spectral-Spatial-Temporal Features

Visual extraction of parameters from film or
electronic images without special enhancement or
interactive processing

Involves simple manipulations of image data to en-
hance basic radiometry, such as color-coding black-
white scale (color level slicing) or ratioing adjacent
chanriels to highlight non-common information

Machine processing of pixel data to obtain statistically-
derived classes of parameters; class boundary decisions
‘made totally or partially by operator

Machine processing of pixel data as above; class
boundary decisions made by one of several machine-
implemented approaches

Calculation of a parameter value, such as water depth,
from a known (monotonic) relationship between the param-
eter and one or more features; deterministic process, as
opposed to statistical pattern-recognition processes,

In assessing the extractive processing techniques required for TERSSE a comprehensive set of techniques was

considered, These techniques are listed in Table 6,4-4 below; a brief description of each follows,
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6.4.3 USER MISSION REQUIREMENTS =
Each of the 285 User Tasks (the specific representations of the 30 basic TERSSE mission statements) were anal-

ysised for their specific extractive processing requirements, These requirements were considered in terms of the

eleven techniques discussed in the previous section (Section 6.4, 2) and listed in Table 6,4-4, previous, The com-

plete and specific requirements of each user task are contained in the computerized data base of Appendix A (TERSSE

Volume 8, User's Mission and System Requirements Data, )

One way to examine this data is to plot it in the forin of histograms which show the number of user task requiring
each type of extractive technique, Figure 6,4-8 shows the total number of user tasks for each of the eleven ex-
tractive techniques, Figure 6,4-9 is a similar presentation; however only the five major categories of extractive
techniques are used, In Figure 6.4-10 the composition of the user task requirements can be ascertained with re-
spect to the six resources management areas. The detailed tabulation of user task requirements for each of the

thirty regource management missions is shown in Figure 6,4~-11,

When considering these histograms it should be kept in mind that this approach treats all user tasks equally; no
distinction is made as to their relative worth or importance, This approach is useful for detecting trends or clus-
ters in the distribution of requirements, It will be noted that the sum of the extractive processing requirements
exceeds the number of user tasks, This situation arises because some user tasks extract more than one class of
information from the data, and thus may use more than one type of processing or may use the same type of pro-

cessing more than once, 7

g

Two significant factors which should be considered when comparing the relative number of requirements for each
extractive technique are area of and frequency of coverage. Different user tasks cover different sizes of geographic
area at different repeat cycles (and at different spatial resolution), Thus the various user tasks are expected to
have quite different volumes of data to be extractively processed. A user task which must consider the entire

Great Lakes area twice a week represents a different magnitude of volume than a user task which considers a single

city twice a year,

Referring to the histograms, several points can be made with respect to the extractive processing requirements:

1, No user tasks have expressed a requirement for the Unsupervised Pattern Recognition technique,

2. The requirements for the use of Estimation and Supervised Pattern Recognition techniques are significantly
greater (more than an order of magnitude) than the other required techniques.

3. The requirements for Estimation and for Supervised Pattern Recognitions are approximately equal in mag-~
nitude,

4, 'The requirements for use of spectral features are considerably greater (approximately three to one) than
for spectral-spatial-temporal features for both the Estimation and the Supervised Pattern Recognition
techniques,
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6.4,4 OUTPUT PRODUCTS

There is a wide range of output product types required by the various resource managers in order to successfully

fulfill their functions, As part of the TERSSE study, these output product requirements were investigated, A com-

prehensive list was developed to categorize the product types (see Table 6,4-5) and each of the 285 representative
user tasks were assessed with respect to this list. It should be noted that in many cases a single user task re-
quires several output products of different types; therefore, the total number of output products is larger than the

285 user tasks,

Table 6,4-5, Output Product Type

A, Photographic:
Al Images (Thematic) ,
A2 Overlays
A3 Images (Non-Thematic)
B. Map-Like:
Bl Maps wholly rendered by hand and/or machine
B2 Photomaps o
B3 Overlays
C. Recorded:
Cl Images
C2 Physical Measurements (Spectral)
C3 Output of Statistical Analysis (Correlations, Estimates, etc,)
C4 Signature Histograms
C5 X/Y Coordinates
Cé Physical Measurements - Other (Streamflow, Temperature, Crop Acreages, etc.)
D, Linear Graphic:
D1 Signature Histograms
D2 Functional Relationships (e.g., Time Series)
D3 Descriptive Statistics (Usually Histograms)
E, Tabulated:
El1 Raw Data (e.g., Physical Measurements)
E2 Analyzed Data (e.g., Coefficients, Ratios, etc,)
F, Verbal: (Typical)
F1 Ihstructions
F2 Warnings
G. Alphanumeric: (Typical)
Gl Data Summaries (e.g., Streamflow Readouts)
G2 Reports (e, g., Hydrological Evaluation)
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i As was done for the preprocessing and extractive processing raquirements, the results of this investigation into J‘j
[ output product requirements are shown in both histogram and tabular form, These results are presented in Figures -

E 6,4~12 through 6.4-15, Again, the detailed requirements of each user task are contained in the computerized re-
quirements datu base (Volume 8 of the TERSSE report), As was true before, the histograms represent number of

user tasks requiring an output product and thus should not be misrepresented as an accurate measure of output pro-

! duct quantities,
OUTPUT PRODUCT TYPES
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Some of the points that can be observed by considering the various histograms with respect to the Output Product

requirements include:

1. The vast majority of required products are either of the map-like or the recorded type,
2. No user task currently indicates a requirement for the Linear Graphic type of output products,

3. The requirement for map-like output products is greater than all other output products combined,

It should be noted that the term''Map-Like" as used throughout this section has a far broader meaning than the strict
definition of cartography used today by todays mapping community, Rather map-like includes almost any 2 dimen-

sioned array of information keyed to a geographic reference system and printed on a paper base,

6.4.5 HUMAN VS, MACHINE ANALYSIS

The two extremes of implementing the extractive processing system element can be represented by human photo-
interpretation at one end and fully automated machine analysis at the other, Photointerpretation and marchine an-
alysis should not be considered as competitive but rather as complementary techniques. The development and im-
plementation of fast interactive man-machine systems represent the route to the syrergistic usage of these two

extremes,

Photointerpretation uses the interactive and pattern recognition powers of the human operating on a visual display
(either electronic or film) of a scene, The oufput of this process is able to be both qualitative in nature (e.g., the
detection and anotation of geologic fault lines in the Earths structure) or quantitative (e.g., deliniation and measure-
ment of field sizes), In general the human operates on a lower level of "information" per scene then the machine
because of his limitations in spatial and spectral resolution (e.g., human cannot distinguish 64 distinct gray

levels ~ spectral resolution),

Machine analysis, on the other hand, is ideally united to apply numerical and analyitical analysis techniques to
digital representations of a scene, The output of this process is purely quantitative or analytical in nature (e.g.,
identification and enumeration of all pixels in a scene with a given spectral characteristic), In general, machine
analysis is capable of operating on all the "information" in a scene but in a more limited, less flexible manner than

the human,

Current practice, with few exceptions, is to use these two techniques separately, What is required to better exploit
them both are extractive processing techniques which draw on the best characteristics of each, The interactive usage
of a man-machine system need not be restricted to "training" but, if properly excuted, can become a major photo-
interpretative tool by extending and enhancing the range of the human visual channel., The initial steps in this area
have been taken by such systems as the GE Image 100 on which machine-aided photointerpretation/enhancement as
well as operator-aided machine analysis is possible, But much remains to be done to fully develop the synergystic

capabilities of the two complementary approaches.
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6.5 AUXILIARY DATA PROCESSING ELEMENTS
This section contains a brief, but relevant, discussion on those issues which relate to the overall data processing

and ground system problems yet which are not included elsewhere in this report.

6.5,1 ARCHIVAL STORAGE

At the appropriate point in the overall data processing stream the data must be recorded, stored, indexed, and
maintained for later reference; this is referred to as aychival étorage. The two principal needs for archival stor-
age are (1) for temporal analysis and (2) for later historical analysis not initially perceived at the time of data

collection,

One basic issue to be considered is the sheer volume of data (in physical terms) that is generated in the course of
a year, Figure 6, 5-1 illustrates for various sensor duty cycles the number of bits of data created in one year of
operation as a function of sensor bit rate, This value is important in defining system archiving requirements such

as the point in the processing cagcade at which data is archived and the method for storage and access,
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Figure 6, 5-2 may be used to convert the data generated, in bits/year, to required floor space, storage volume, or . Jp
tape reels, Storage volume is the actaal displaced volume of the storage medium and does not take into account b
storage reels, packing spacing, shelf or aisle space; nor does it include that necessary for the attendant access and

retrieval equipment,

A currently available example of the state-of~the-art with respect to data storage and refrieval is shown in Figure

6.5-3, This system stores, searches, and retrieves data stored on microfiche cards.
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o 6, 5.2 OPERATIONS TECHNOLOGY

The term "'operations technology'' refers to the broad range of actions, issues, problems, and tasks associated
with coordinating, controlling, and operating the entire ERS system, The TERSSE ERS system is a complex multi-
element system, refer to Figure 6, 5-4; the control and operating problems associated with this system will repre-
sent 2 magnitude not previously encountered by the NASA nor Earth Resources communities, This problem, repre-
sented by the increase in magniture, was briefly addresses as part of the TERSSE study; this section presents a
dexcription of the problem and makes the recommendation that the problem be studied further as the system takes

shape,
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Figure 6, 5-4, ERS Operations Technology

In general, the issue of operations technology can be treated in two categories:

1. Internal adaptivity and reconfiguration
2, External responsivity

Each of the points addressed in these categories, refer to Figure 6, 5-5, will be addressed,

In the internal category, a significant item is the multiple uses to which key system elements will be put, It is ex-
pected that each of the remote sensing platforms will serve several users, In the operations context this represents
a problem in the scheduling of data acquisition and in the distribution of common data to several users simultaneoug-
ly. The centralized preprocessing and archival facility is another example of a key system element which will serve
multiple (almost all)users, The internal scheduling and coordination of it s operations must be balanced to ad-

equately serve all requirements,
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Figure 6,5-5, The 1980's ERS: An Operations Challenge
As the TERSSE becomes operational the acquisition and accumulation of remotely sensed data will reach unprece-
dented volumes, there will often be cases where a decision must be made, relative to a new data request, whether
to attempt to satisfy that request (perhaps only partially) from data currently available in the archives or whether
to acquire that specific data (sometimes anew), Several characteristics of the nature of the user's request will in-

fluence this decision including:

1. Need for fresh or current data
2. Need for simultaneous multisource data

3, Need for completeness in requested data

The projected ERS system indicates that most Earth resoucces missions will require multiple data sources in order
to satisfy their data needs. These multiple sources will include not only several remote sensing platforms but also
several ancillary and in situ data sources as well, The operational requirement to merge those separate sources
and their separate data elements in an integrated and routine manner represenis a significate improvement over

that of todays system.
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A slightly different aspect of the multiple platform system will be the real-time integrated usage of these separate
platforms operating together as a system, For example, the presence of cloud cover, as indicated by the meteoro-
logical satellites, should influence the collection of data from other ERS elements, Pointable sensors can be, and
should be, controlled so as to maximize their ability to obtain cloud-free data, When an opening is detected in a
cloud cover pattern, the pointable sensor can be programmed to take advantage of the opportunity and collect data,
Similarly, when data from one remote sensing platform is obscured by clouds the possibility of obtaining the nec-

essary data from another platform (at a different but close point in time) is one which should be considered.

In the category of external responsivity the challenge to operations technology will stem from the needs of many
separate and different users. The TERSSE must be responsive to both the routine or standing requests nf those
users as well as the special, exploritory, or one-time requests for data, A mechanism must be developed to re-
solve potential conflicts in requests; for example, different locations at the same time from a pointable sensor, or
different spectral bands from a selectable band sensor. Procedures must be developed to establish priorities for

user requests so that these inevitable conflicts can be resolved,

As the ERS system fransitions from an R&D or experimental system into an operational system consideration must
be given to the volume and nature of the data collected, The TERSSE should only collect data that is needed for
specific users; the wholesale collection of unmanageable volumes of data will no longer be desirable or economically

warrented. The system should turn on when requested (and not otherwise) and collect what is needed.
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Product) storage device, and (2) low cost interactive re-

mote terminals,
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The volume of data which can be expected from the operational TERSSE will be large, Ii will be necessary to develop
a storing medium which is not only capable of storing this data in a high-density, rapid-access manner, but which

is also standardized to be compatible with computer-based processing systems, The current standard of 800 BPI
magnetic tapes will not be adequate for the TERSSE,

The overall architecture for the data processing and distribution system (discussed in Section 6, 6.6} requires that
the operational terminus of the TERSSE be colocated within the user's organizational structure, This terminus
must range in capability from a fully-interactive extractive processor control/display to a passive, receive-only
product copier., With regard for the former, which is more demanding of technology, it was notable that special
purpose classifiers are ideal candidates for time-shared systems where the classifier is connected to and supports
many user-located terminals, Typical speed differentials of 20-100:1 exist between the classification of a TV
screen of data into 8 themes (< 1 sec) and the setup of training site selection or interpretation of results ¢ 20 sec),
In addition, the data rates between the classifier and the remote control/display need not be excessive, as it is only
the altered CRT pixels which must bq transmitted.,
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6.6 GROUND SYSTEM CONFIGURATION

As was discussed earlier at the beginning of this section, Section 6.1, and as is represented by the following
figure, Figure 6, 6-1, the total concept of the ground system includes all those elements necessary to get the raw
data from the remote sensing platform, process the raw data into useable information, and then deliver that in~-

formation to the user. The major elements involved are:

1, Ground Station
2. Preprocessing
3. Extractive Processing

4, User Models

5. TUsers
USER
RAW DATA PROCESSING INFORMAT iON
re——————————
—_— FACILITIES
iy
R 4 GROUND EXTRACTIVE
STATION PREPROCESS ING ROCESSING USER MODELS USER(S)
COMMUNICATION LINK TYPES REQUIRED TYPES REQUIRED IDENTIFICATION WHO
RECORDING RATE TIMELINESS CENTRALIZATION COMMONALITY WHERE
PHYSICAL LOCATION THROUGHPUT RATE INFORMAT SON FLOW MULTI-INPUT INFORMATION NEED
GROUND DATA TRANSFER CENTRALIZED ARCHIV ING NEEDS TIMELINESS TIMELINESS
GROWTH POTENTIAL BASIC APPROACHES TIMELINESS DISTRIBUTION
LOADING CURVES COMMONALITY
LARGE NUMBER OF INTERRELATED ISSUES REQUIRE THOROUGH ANALYSIS AND TRADEOFF
Figure 6. 6-1. Ground System Requirements

As indicated on the figure, each of these elements have several important requirements and issues; all of which

are generally interrelated and require tradeoffs in order to establish an optimal solution,

Inasmuch as the Ground Stations and downlink communications areas represent relatively established state~of-the-

arts; and further, the user models and users are separately discussed elsewhere, this section of the TERSSE

effort has concentrated on the "center box", data processing and distribution portion, of the system.
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The approach taken with this study was to begin by establishing preliminary guidelines, requirements and other
significant design criteria, Several different alternative system configurations were then developed and considered

with respect to the initial eriteria. The topics discussed in this section include:

® 6.6.1 - Parametric Approach to System Configuration
® 6.6,2 - Alternate Approach to System Configuration

e 6.6,3 - Ground System Selection Criteria

¢ 6,.6.4 ~ System Selection Methodology

¢ 6,6.5 ~ Results of Weighted Criteria Approach

® 6,6,6 - The Selected Ground System Configuration
This procedure resulted in the development of nine basic ground system configurations which will be described in

this section,

As will be seen, this portion of the TERSSE effort has evolved a single ground system configuration which satisfies
the needs and selection criteria of all identified missions and uses. This selected configuration, titled "Lead
Federal Agency - Information Analysis Center", provides sufficient flexibility and capability to serve the diverse

requirements of the various users while maintaining sufficient centralization to remain efficient,

6.6.1 PARAMETRIC APPROACH TO SYSTEM CONTIGURATION

Perhaps the most rigorous methodology towards system configuration (when a pure analytical optimization solution
is not feasible) is that of parametric variation, In the parametric approach the various dimensions of variability
and the feasible points of variation along the dimensions are determined first, Then, systems are formulated by
parametrically combining all combinations of feasible points, TFinally, each of these "systems'' can then be
evaluated against the overall requirements, guidelines and other criteria, For example, assume that the two
dimensions of a system were its color and its size. Turther, assume that each dimension has only two possible
values; the color is either black or white, and the size is either large or small. The parametric combination of

these values will produce four "systems'; large-black, large-white, small-black, and small-white,

In the present case, overall configuration of a ground data processing and distribution system, there are several
key dimensions which result in a large number of possible system designs. For this problem, a total of eleven
key dimensions of variability have been identified, These eleven dimensions, tabulated in Table 6. 6~1 below, fall

into four general categories:

1, User Access/entry . 3. Data Base Maintenance
2.  Data processing 4, System Coordination
6-4.2
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On the average, each of the eleven dimensions have approximately five quantifiable feasible points (i, e., for

dimension number one, users' physical/geographic access to system, there are :

1, Hundreds of local centers

2, Several dozen state centers,

3. Few dozen regional centers

4, Several/few teritorial centers, and

5, Single national center

Therefore, the total number of tentative systems (see Figure 6.6-2) arrived at by this parametric approach is 511

or nearly 50 million different configurations. Obviously, there are too many to do justice to each,
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Table 6. 6-1., Dimensions of Ground System Configuration Design
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Extreme Description Extreme
1 | Local User Center User's physical/geographic National user center
Conveniont access to system Focused -
Responsive Coordinated
Specialized No Duplication
User Quick Access Optimally sized
Equally accessible
2 | General Purpose Interface Userg’ mnctional/tec}uxicnl Functionally specjalized interface
Lower Cost Interface to system Technical Expertise
No Duplication In-depth capability
Simplified communications "Talks own language”
3 | Highly Distributed Extractive processing capability - Single ER Center
Local Access where located More sophisticated equipment
Dat Faster Response On Site expertise
2 More direct communication Centralized resources
Processing
4 | General Purpose Extractive processing capability Functionally specintized
Inter-functional expertise - How organized/conducted Intra-funct{ onal expertise T
Generalized capability Specialized responses
Cross functional analysis Incremental approach
Functionally synergistic
5 | Multiple Number of data bases maintained Single
e — — ] —_ — - — ]
Faster specific access Lower total volume
Simplier linkages Central location
Geographicaly dispersable No redundency
Segregated for security
6 { General Purpose Type of data base Functionally specialized
e —_—— — — —_— T e e
Cross functionally linked Faster access per user
Dat Growable for new functions Simplier linkages
ata Controllable access
Base
7 1 All relevant earth resources Scope of data base Remotely sensed data only
data
L . — — — b — . — o — —
Everything accessable 1 Simpler cataloging
ancillary data available Directly linked
In-sitsu data avajlable Fewer ownership problems
Complete cross reference
8 | Multiple Format Data Format of data base Digitized Data only
Complete information center Easily communlc;t;
Primary sources retained Directly computer compatible
Data fidelity maintatned Simpler to archive
Lower storage volume Less error prone
9 | Present Federal Structure Structure of system at federal level New "US Dept of Earth Resources"
_Mamalr;—prupntory—ir:terest TFocuses responsibility -
Fosters competions Reduces redundency
Inherent self interest Simplifies interfaces
Direct applicability No charter conflicts
Phrocial promoter
Coordination | 10 § Federated System Geographic Organization/Coordination OAE National System
;t?tiﬂo{:zl'almgi onal, ' Simplifier Interfaces
e e - Few redundencies
Local self interest Better communications
speclalized services
11 { Lead Agencys Functional/Discipline Organization No Spectal

Provides focal points
Friendly competition
Traceable responsibility

_No new b:;aur;:;
No lead time required
Lower profile




6.6.2 ALTERNATE APPROACH TO SYSTEM CONFIGURATIONS

Considering the unmanageable number of parametric possibilities discussed in the previous section it is evident that
what is required is an approach which will rapidly eliminate those configurations which exist mathematically but
which are not technically valid, The application of experience and engineering knowledge can produce a manage-
able number of viable alternatives which include all important configuration variations. These few configurations
represent the significant extremes and thus bound the set of alternative configurations, The applications of this
approach to the present problem produced a total of nine alternative system configurations for the ground data

processing and distribution system,

These nine alternative configurations are shown in block diagram form in Figures 6. 6-~3 through 6. 6-11, Corre-
sponding to each system block diagram is an example, Figures 6, 6-3A through 6, 6-11A, of the information flow
through that system concept. Table 6, 6~2 summarizes the key features of each configuration concept together with

some of the applicable strength and weaknesses of each concept,

6.6.3 GROUND SYSTEM SELECTION CRITERIA
In order to select from among the several systems configurations, specific selection criteria were developed in
accord..nce with the general system performance requirements, These requirements and the specific criteria are

summarized in Table 6, 6-3; the following paragraphs provide a narritive discussion on each of the thirteen criteria:

" 1. System Acceptability - No system of national scope which crosses several discrete organizational

i boundaries, potentially impinges on existing charter responsibilities and requires Executive Branch
" and Congressional approval for its implementation can afford to overlook the real life environment in
which the system must survive. Although quantitative technical system parameters can readily be
developed and evaluated, it is much more difficult to factor in the qualitative environmental considera-
tions on which eventual systemn implementation may really depend. Listed below are some typical con-
siderations included in the design and selection process. Each of which must be fully evaluated when
choosing between systems which represent the best trade-offs in technical compliance versus those
which can do an adequate job-~but more importantly-~provide good prospects of being accepted and
implemented,

a. A lead federal agency exists for each area of earth resources management
b. = Establishment of a department of natural resources improves/strengthens management focus
c. Lead agencies technically competent (and parochial) in data acquisition and extractive processing

d. Historically, federal agencies resist external programs which threaten infringement on
established activities

e. Poor track record to date for implementing national super-systems, e.g.,
-=National Environmental Data System (Dingell Bill)
-~-National Environmental Center (Muskie~-Baker Bill)

-~RALI (DOI)
~-=National Environmental Data Analysis System (EPA)
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f. Technically sophisticated users already access appropriate rederal and other availa.  data sources
g. Prime system requirements could evolve from growth of other potential users

System Cost - From a practical standpoint, one major factor in the implementation of any system is its
overall cost, and the competitive relationship of these costs with other prioritized budget items, The
approach, for now, is to assume that the lower the system cost the better its chances will be for
implementation; the costs of each can be considered an independent factor in the selection process. At
this stage of design, system costs will best be addressed in terms of estimated relative costs for each of
the concepts considered; e.g.., cost of simplest and least complex system = X; System. of estimated twice
complexity =2 X,

Response Volume Capability - The network shall be capable of responding to the projected volume of user
inquiries in the 1978-1982 time period. Some key parameters in defining this workload are:

a, Source, number, and type of requests

b. Type of data and/or information required

c¢. Inquiry response sources

d. Response timing and corresponding communication networks. required

e. Response efforts in terms of man hours; types of personnel required and available computer capability

Response Time - Data and/or information shall be made available to users in required format, on a
demand or standing order basis, in accordance with the timing required to influence earth resource
management decisions. Such timing-~from the sensing of a dynamic event or the measurement of a

static phenomenon--can range from near real time--e.g., 1/2 hour or less in the case of forest fire
control to months or even longer intervals for geological surveys. In no case should the information
network be the limiting factor in satisfying user response schedules.

Flexibility - The vast volume of data acquired through remote sensing will require a corresponding
increased useage of automated processing techniques to assure that these data can be effectively and
currently applied to the solution of earth resources management problems. Accordingly, archieved
data must be disseminated in a form suitable for automated pre-processing, information extraction,
analvsis, and generation of output products to user requirements, Further, the system must be
sufficiently flexible to provide a variety of data fromats compatible with a multiplicity of user techniques
and equipment,

Scope of Output -~ The data and/or information recuired to contribute to a factual basis for earth resources
management decisions should incorporate the best available inputs from all appropriate sources. The
growth of remote sensing is expected to increasingly supplement, reinforce and otherwise beneficially
impact--and in some cases supersede-~the data available from in-situ or other ground based sensing

and measurement techniques, Accordingly, any response to the user requests must integrate both
remote sensed and all other auxillary data bases.

System Security - The network must provide adequate protection of the data files integrity of participating
organizations by preventing usage by unauthorized personnel and by shielding the privacy of both the
source and user,

System Adaptability - The network configuration and capability shall be sufficiently flexible and/or
easily modified to respond in a timely manner to changes in the user population, user requirements,
data sources, technology, economics, sociopolitical influences and all other changes in the operational
environment which affect system functions and effectiveness,




R

9.

10.

11,

12,

13.

Output to Users - The primary requirement of the Earth Resources Information Network is to satisfy
known and forecasted direct and indirect user information requirements across all disciplines of in-
terest and across all organizational boundaries within the United States.

Potential users range from technically sophisticated scientific jersonnel at the Federal agency, scientific
and academic levels to non-technical laymen involved in localized business problems, The network shall
have the capability of satisfying the information needs of both extremes of users, as well as all in-between
gradations, For the technically sophisticated personnel, the information required may range from raw
digital data to annotated photographic images. In the case of non-technical laymen, available data may
require considerable extractive processing and interpretation in order to present the resulting information
in an easily understandable format,

System Evaluation - The network shall be capable of evolutionary growth in scope, capability, and
structure over time as network capability is demonstrated and accepted and user demands for services
increase.

Interactive Capability - All elements of the network shall be interconnected and interactive to the extent
necessary to assure that a user request for information at any entry point in the network will be satisfied
by an appropriate and timely response, regardless of where the data exists in the network. The network
operation shall be sufficiently flexible and responsive to permit users to alter, modify, or otherwise
change initial requests if the user deems this action necessary to improve the quality of the information
required,

Self-Monitoring - The network shall include a ""housekeeping' capability to monitor system performance
so that operations managers will have continual feedback in order to properly control and improve
the network and its operations.

System Elements Improvement - Although conformance with design constraints and performance specifi-
cations will establish the major criteria for an acceptable ground system concept, recognition must be
accorded to the fact that nearly any eventual configuration will represent a melding of new and existing
system elements, Many existing elements--such as computerized data banks, other data repositories,
and data processing facilities-~in their present form will almost certainly not be fully compatible with
each other in an integrated system, and will require modifications and improvements to assure an
efficient and effective information management network, Provisions should be made in any system
concept for some mechanism which addresses these problems and provides for their solution as the
system evolves., Listed below are some of the system elements which have been identified as prime
candidates for improvement:

a, Improve consistency of data bases format, quality, standard, and scales
b. Improve data base cataloging

c. Improved interaction of information processing efforts

d. Minimize duplicate data storage

e. Eliminate conflicting/non-objective data storage

f. Provide for R&D on:

~-Imagery processing -=Display modes
—-Data reduction techniques --Communication techniques
~=Microfilm development --Mass Data Storage

~~Modeling techniques
-~Hardware compatibility
--Software adaptability
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Table 6. 6-2. Alternate System Configurations

No, Title

Description

Major Strengths

Major Weaknesses

1 Centralized NERIC

Single NERIC satisfies the multidisciplinary
data/information nceds for zll users,
C 3/ d s0as to not

all new, ground-up super system
single focal potnt
ty simple/straight

nor conflict wiih existing agencies. Inter-
active data links with all major data sources.
Communication links with User Service
Centers at State and local level.

forward
centralized resources

requires close Integragency coordination

alt new, ground-up super system
remote from users
scheduling/priority conflicts

2 Federated NERIC/RERIC

A combination of an NERIC serving national
users and RERIC {Regional) serving regional
{state user with two discrete levels:

{1) national, (2) combined Regional/State

more rapid & comprehensive
response to users at two
discrete levels {focused)
fixed hierarchy of capability

3 d 1 /

o5t in

links
d coats of facill

operating personnel

3 Lead Federal Agency

Lead Federal Agency is defined for-each
discrete area of Earth resources manage~
ment. They will then expand their scope of
interest and facilities as volume of user
requests increases. Multiple Information
Analysis Centers (regfonal scope) are
established to process orders from User
Service Centers. All linked together
through an interactive computer network

takes advantage of existing

large complex computer network
1 charter conflicts

highly responsive tousers

wasteful redundancy probable

4 National Clearinghouse.

Similar to No, 3 (Lead Federal Agency)
where existing agencies, now not re~
stricted to Federal level, will expand
their scope and facilities as required. No
new analysis centers are created. A
National Earth Resources Clearinghouse
is established to provide indexing and
source referrals.

littlé required in way of new
structures
initial

highly fragmented system
potential charter conflicts

5 Federal Agency JAC (evolved)

No new super system. Lead Federal
Agencles encouraged to expand scope and
facilittes with an IAC for each, Users
are geographically focused through
regional, state, and local offices of the
agency.

minimum initfal investment
agency orlented structure
for access and visibility

potential charter conflicts
overlaping disciplines
redundency in expertise

focused to needs (administ: vely)
established through evolution

lack of geographical focus

6 Three Level Information Center

Hierarchical system of national (NERIC)

fast In-depth response

large capital system investmenz

regional (RERIC), and state (SERIC) ¢ focused to user needs ¢ complex data/information exchanges
information centers structural to focus {geographically) e lack of disciplinary depth
on geographical needs. of user
7 Federal Agency JAC with NERIC Similar to No. 5 (Federal Agency JIAC- @ provides selective notification e NERQC redundant with agency services
evolved) with the addition of a National services on National basis ® discipline capability overlaps
Earth Resources Clearinghouse to ¢ Federally ndministratively ® geographically ceutralized
provide data indexing and user referral focused
¢ established mostly through
evolution
8 NERC and Regional Data Banka ‘The basic concept of a National Earth e geographically distributed to users | o highly fractionated facilities
Resources Clearinghouse is expanded to & rapid access to high usage data o little centralized capability
include regional Data Banks which provide ® geographically distributed data e redundancy in data banks
data to State and local useér service centers. bank * difficult for national users
9 Distributed Center System In combination with the evolved Federal e inaintains Federal Agencles as ® potential charter conflicts
{evolvad) Agency TAC incorporate Regional Earth focus ® probable data base redundancy
Resources Clearinghouses and Data Banks e established partly through ® little national multidiscipline scope
evolution * no interagency coordination
e focused response touser queries
NERIC = Earth Center

RERIC = Regional Earth Resources Information Center

IAC = Information Analsysis Center

usc = User Service Center

NERC = National Earth Resources Clearinghouse
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Table 6.6-3. Selection Criteria/Performance Requirements

No. Title Performance Requirement Selection Criteria

1 System Acceptability System must be acceptable to all affected participants System will engender a high degree of acceptability
as a useful adjunct to existing or planned federal, with all affected participants
regional, and state capabilities

2 System Cost Cost must be within achievable funding System ranking inverse to estimated relative costs

(i.e., highest relative cost system receives lowest
ranking).

3 Response Volume Capability Meets projected needs of federal, public, academic, System is capable of responding in a timely manner
and private sectors to the projected volume of user requirements

4 Response Time Sensing/Measurement to user inquires range from Capability is, or easily can be, provided to meet user
near real time to months response schedules for data and/or information ranging

from near real time to protracted intervals.

5 Flexibility Archival data suitable for automated preprocessing, System provides capability to format and disseminate
information extraction, analysis, and generation of archived data products compatible with a multiplicity of
output products must be compatible with user techniques user's automated processing equipment and techniques.
and equipment

6 Scope of Output Remote and/or auxiliary data/information Capability is provided to effectively locate, retrieve, and

integrate both remite~sensed and related ancillary data
in response to user requests.

7 System Security Maintenance of data bas e integrity; source and user The system incorporates the capability to invoke security
privacy protection are required. provisions which adequately protect the integrity and

privacy of communications between scurces and users.

8 System Adaptability The system should be responsive to changes in user mix; The system shall be readily adaptable or modifiable to
user requirements; data sources; technology; economics; conform to changes in the operational environment which
socio-political influences affect network functions and effectiveness.

9 Output to Users Data and/or information formats responsive to total Data and/or information outputs can be provided irn a variety
spectrum of user requirements of formats responsive to the total spectrum of user

requirements.
10 System Evolution Built-in growth capability will be required The system readily permits expansion or modification to
- accommodate growth in input/output requirements,
11 Interactive Capability System responds to user requests at any entry point. System provides a multiplicity of user entry poinis with
Accommodates changes in requests prior to completion flexible inguiry/response capability.
of response
12 Self-Monitoring "Housekeeping" capability for operations control and The system incorporates provisions for performance monitoring
improvement is necessary - to facilitate operational control and improvement,
13 System Elements Functions and incentives are provided to improve each System capability is provided to promote and abet planned

Improvement

of the system elements

system element improvements,
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6.6,4 SYSTEM SELECTION METHODOLOGY *
The selection of a specific system configuration from the nine postulated was accomplished by using the approach

of "weighted criteria". The weighted criteria method consists of first establishing the relative importance of the

specific criteria with respect to each other by assigning each criteria a weighting factor. Then for each candidate
configuration, the candidate is evaluated for each criteria and a numerical score assigned for that criteria, These

raw scores are then weighted by the appropriate weighting factor and summarized to form the total score for that

candidate, When all of the candidate configurations have been similarly evaluated their total scores can be

compared and a selection made.

To initiate this process, the preliminary design constraints listed below have been formulated to define the
boundaries of any eventual system solution. Each constraint represents a go-no/go criteria for configuration
acceptability, and non-conformance with any one constraint is cause for rejection of the configuration under con-

sideration,

1, Satisfy user requirements with the U, S,

2, Avoid/minimize duplication of other system capabilities
3. Avoid infringement on existing agency responsibilities
4, Operational fesasibility baseline--1978-1982

5, Net Annual operating costs consistent with project budgets . b

6. Conform to all legal requirements

Each of the concepts selected for further svaluation was first measured against the above constraints and was de-
termined to be within acceptable limits, Examination of the last two constraints did present unusual difficulties
in that quantitative system costs and project budgets are undefined at this time, and that any system of the scope
proposed could incur situations involving the legal liability of both source and user with regard to the use of the
data, However, it was decided to defer deletion of any feasible concept pending the future determination of more

definitive costs; budget and legal liability parameters were not within the scope of this study.

In contrast to design constraints which establish relatively inflexible go-no/go design and selection parameters,
the system performance requirements define a set of design goals-~-each of which has relative importance and
many of which are interdependent to various degrees. These requirements, together with other system goals and

qualitative, considerations, form the basis for the initial set of system selection criteria,
Th« fnlividual criteria have been compared and have been judgmentally weighted with respect to each other to

proportionalize the impact of any one criteria on the acceptability of the overall concept, - Each configuration will

be evaluated and measured against each individual criteria in order to evaluate the degree of conformance of that
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configuration to that criterfa, Numerical factors (scores) have been assigned to both the conformance and weighting
factors so that an overall numerical rating can be obtained for each criteria for each concept. Summation of the
numerical ratings will then determine a prioritized listing of concepts in order of desirability, --No, 1 having the
highest numerical rating.

Each of the selection criteria impacts on the acceptability of an overall concept to varying degrees, The degree

of impact itself is also a variable depending on the environment existing at the time of concept evaluation and

how accurate the evaluator's interpretation is of that environment, Furthez, the weighting factors must be selected
to assure that the correct degrees of differences are assigned to each criteria so that the final numerical summations
are sufficiently spread to assure that concept priorities are clearly defined, Listed below in Table 6, 6~4 is the
result of several iterations in prioritizing and weighting the selection criteria developed above, Weight is based on

a scale of 1 to 50.

Each of the selection criteria represent system goals to which each of the concepts conform to in varying degrees.
As with criteria weighting, it is important to assign the numerical factors so that the final summations result in

clear delineations of order. The following conformance factors have been assigned on a rating spread of 0 to 10:

Conformance Factor Numerical Rating
High degree of conformance 10
Very nearly conforms 8
Partially conforms 5
Barely acceptable 2
Does not meet 0

6,6,5 RESULTS OF WEIGHTED CRITERIA APPROACH

The results of applying the above criteria, with the weighting factors given, are shown in Table 6. 6-5 below,
For each of the nine candidate system configuration concepts, described above, the table contai:: two colunms,
one with the individual conformance scores and one with the weighted total. The overall summetion of these

results are shown in Table 6. 6-6; corfiguration concept number five received the highest total score,

Two alternative criteria weighting factors schemes were also considered. In alternate scheme number one the
relative importance of the first two criteria (System Acceptability and System Cost) is increased with respect to

the other criteria by doubling their criteria weighting factors (to 100 and 50 respectively), In alternate scheme

- number two the relative importance of all criteria are the same (each has a weighting factor of one). Note that

these alternatives only effect the total source, and ranking of voncepts, by changing the criteria weights; since
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Table 6, 6-4, Baseline Conformance Criteria and Weighting Factors

Criteria Weighting
Rank Criteria Factor
1 System will engender a high degree of acceptability with all 50
affected participants
2 System ranking inverse to estimated relative costs (i.e., highest 25
relative cost system receives lowest ranking)
3 System is capable of responding in a timely manner to the pro- 10
jected volume of user requirements
4 Capability is, or easily can be, provided to meet user response 10
schedules for data and/or information ranging from near real time
to protracted intervals
5 System provides capability to format and disseminate archived data 10
products compatible with a multiplicity of user's automated processing
equipment and techniques
6 Capability is provided to effectively locate, retrieve, and integrate 10
both remote~sensed and related ancillary data in response to user
requests
7 The system incorporates the capability to invoke security provisions 10
which adequately protect the integrity and privacy of communications
between sources and users
8 The system shall be readily adaptable or modifiable to conform to 10
changes in the operational environment which affect network functions
and effectiveness
9 Data and/or information outputs can be provided in a variety of formats 7
responsive to the total spectrum of user requirements
10 The system readily permits expansion or modification to accommodate 7
growth in input/output requirements
11 System provides a multiplicity of user entry points with flexible 5
inquiry/response capability
12 The system incorporates provisions for performance monitoring to 5
facilitate operational control and improvement
13 System capability is provided to promote and abet planned system 5
element improvements ‘
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Table 6.6-5. Results Using Baseline Weighting Factors

Candidate Configurations

Selection Criteria (i;::gll‘j: Score | Total | Score . Total | Score | Total Seore‘1 Total | Score | Total [Score | Total | Score | Total | Score | Total | Score | Total
1 S):stem Acceptability 50 2 100 2 100 5 250 10 500 10 500 0 0 10 500 10 500 10 500
2 System Cost 25 2 50 ' 0 0 0 0 8 200 10 250 0 ¢ 8 200 5 125 2 50
3 Response Volume .
Capability 10 5 50 8 80 10 100 5 50 16 100 10 100 10 100 10 100 10 100
4 Response Time 10 10 100 10 100 10 100 10 100 10 100 10 100 10 100 10 100 10 100
5 Flexibility 10 10 100 10 100 5 50 2 20 5 50 10 10¢ 5 50 2 20 2 20
6 - Scope of Output 10 10 100 10 100 10 100 5 50 5 50 10 100 .5 50 5 50 8 80
7 System Security 10 10 100 5 50 2 20 10 100 10 100 2 20 10 100 5 50 2 20
8 System Adaptability 10 10 100 8 80 5 50 2 20 2 20 5 50 2 20 2 50 5 50
9 Omtput to Users 7 10 70 10 70 10 70 5 35 5 35 10 70 5 35 5 35 5 35
10 System Evaluation 7 10 70 10 70 5 35 5 35 5 35 8 56 5 35 5 35 5 35
11 Interactive Capability S 5 25 8 40 10 50 10 50 10 50 10 50 10 50 10 50 10 50
12 Self-Monitoring 5 10 50 10 50 2 10 (1] 0 0 0 10 50 0 ¢ 0 0 0 0
13 System Elements 5 10 50 10 50 2 10 0 0 0 0 10 50 o 0 0 0 0 4]
Improvement
965 890 845 1160 1290 746 1240 1115 1040




Table 6. 6~6. Summary Ranking of Concepts
(Based on Baseline Weighting Factors)

Rank Concept No. No. Points % of No, 1
1 5 1290 -

2 ki 1240 96

3 4 1160 90

4 8 1115 86
5 9 1040 80

6 1 965 75

i 2 890 69

8 3 845 65

9 6 746 58

the system configuration concepts and the criteria the mselves are the same the basic score is unchanged for the
alternatives, The overall summation for these alternatives are shown in Table 6. 6-7 and 6. 6-8 for alternatives

one and two respectively.

The results of all three weighting schemes are shown comparitively in Table 6. 6-9, Note that the only difference
in ranking between the baseline scheme and alternative scheme one is that the seventh and eight place concepts
switch places; the rank of all other concepts remains unchanged. However, alternative scheme two does produce

a completely differsnt ranking of concepts from the other two schemes.

In addition to considering the absolute ranking (first, second, etc) it is fruitful to look at the spread between the
rankings. That is, a first place rank position is more meaningful if the second ranked concept is far removed than
it iz if the second place choice is quite close. Figure 6. 6-12 graphically displays this "spread" for tle three
weighting factor schemes considered. From this figure it can be observed that for the two schemes which in-

volve wieghted criteria (baseline and alternative one) configuration number five is the highest ranked, But, it is

not a clear head and shoulders selection; for the baseline weighting scheme it is only 4% above its closest "competitor'

and for alternative weighting scheme number one it is only 7% above the second choice. Alternative scheme two
is seen to provide a better clustering and spread between it "'winners' and its 'loosers', but it is based on each
criteria having equal weight which is not a reasonably valid hypothesis upon which to rank the alternative con-

figurations,
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Table 6.6-~7, Summary Ranking of Concepts - Alternate 1
(Based on Doubling the Criteria Wts, for Criterias 1 & 2)

Rank Concept No, No. Points % of No, 1
1 5 2040 -
2 7 1940 93
3 4 1860 91
4 8 1740 85
5 9 1590 78
6 1 1115 55
7 3 1095 54
8 2 990 49
9 6 746 37

Table 6, 6-8. Preliminary Ranking of Concepts - Alternate 2
(Based on all Criteria of Equal Weight

Rank Concept No. No. Points % of No, 1
1 1 104 -
2 2 101 97
3 6 95 91
4 5 82 79
5 7 80 7
6 3 76 73
7 4 72 69
8 8 2 69
9 9 69 66

Table 6, 6-9, Comparison of Concept Rankings
Concept No. Baseline Rank Alt, 1 Rank Alt, 2 Rank
1 6 6 1
2 7 8 2
3 8 7 6
4 3 3 7
5 1 1 4
6 9 9 3
7 2 2 5
8 4 4 8
9 5 5 9
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In summary, the best system configuration in terms @————— PERCENTAGE OF TOP RANKED -——-
0% 10 20 30 A0 S0 60 70 80 90 100%
of the selection criteria considered is configuration SASELTE — 7 i Y (" Tt
WEIGHTING 6 3 2 19 4

number five, Federal Agency IAC--~evolved, (no

rew supex system, evolved lead agencies, addition QEIE,?#&I;WE‘ 3 : ;! ; l ” ?-,

of infurmation analysis centers). However, the LTERNATIVE 2 Y 1
. . | WEIGHTING 8 81375 6 21

determination of this selection is not so clearcut and -

definite that a strong position is warranted, For

example the difference in ranking between it and con- Figure 6. 6~12, Relative Ranking of Concepts

cept number seven, Federal Agency JAC with NERC,
is directly attributable to the cost of the NERC, It may vary well be, that the increased cost will be more than

offset by increased benefit in other areas which were not accounted for by the thirteen selection criteria.

6,6.6 THE SELECTED GROUND SYSTEM CONFIGURATION

As developed over the preceeding several sections the selected ground system configuration for TERSSE is: Con-
figuration 5, Federal Agency Information Analysis Center, This concept, shown again in Figure 6. 6-13, features
a distribution of the information analysis functions among the several ''lead" Federal agencies which now carry
out the resource management tasks in the absence of a TERSSE. The interfaces between the outside users and
the "system" exist through the geographically organized networks of offices of the various Federal agencies

involved. An overall summary of these key elements of this configuration is shown in Figure 6. 6~14,

The study investigations into the architectural structure of the TERSSE ground system have led to the conclusion
that the ground system structure should be mission tailored and parallel the user's organizational structuire, Some
missions are naturally centralized (e.g., Global Crop Survey); however, most have a decentratized and geo-
graphically distributed user network, even those with heavy Federal involvement, A second recurring feature is
the existence of a tiered hierarchial structure (local, district, state, regional) present in the organization of those

users.

The TERSSE ground system architecture is designed to be structured along resource management mission

lines and to be convient for user access at its terminus. This recommended approach produces a structure for an \
operational TERSSE which is in contrast to a recommendation by the Applications Summer Study and others for large
regional satellite data centers. The satellite data ;enter concept is not felt to be desirable unless modified, for

two principal reasons: First, large regional centers will not be mission-oriented and geographically convient

to the users; the TERSSE study team feels that mission orientation and convient user access is a2 major require-
ment for the operational ground data system. Second, the concept of a Satellite Data Center makes difficult the
tailored integration and application of multi-source data to a specific resource management problem. The TERSSE
study has shown that most missions will require the integrated usage of several data sources together wi?h con=

siderable amounts of ancillary and in situ data,
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Figure 6, 6-14, Elements of Federal Agency IAC Configuration
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The recommended TERSSE ground system architecture provides for a mission-tailored hierarchial structure of
user interfaces focused around several '"Lead Federal Agencies". At the lower levels of the hierarchial structure
the system interfaces areto be co-located with the users, In order to accomplish this co-location of the terminus,
a series of low cost interactive remote access terminal devices connected to the next higher hierarchial level are
needed, The nature of current advanced extractive processing systems (high ratio of user involvement time to

machine processing time) lends itself to this time-shared remote terminal concept.

The near term activity required in this area consists of refining and defining the remote terminal concept, What

should the specification of this device be, and who are the appropriate initial users are initial issues to be addressed.

The ""Applications Concept Testing Facility' (ACT) concept being considered by NASA/GSFC (Contract Number
NAS 5-24022 Mod 40) offers an excellent vehicle for addressing these near term issues. The objectives of the ACT
concept should be expanded to include the definition of the TERSSE ground system remote terminal,

In addition to the specific features of the selected ground system configuration, discussed in the remainder of this
section, there are several other overall aspects of the ground system, refer to Figure 6. 6-15, These more gerieral
functions will be performed at a centralized National center prior to receipt of the data by the several lead Federal
agencies. These centralized functions include, data preprocessing, data archiving, and initial data distribution

to the lead agencies,

DATA RATE: LIMITED BY FREQUENCY ALLOCATIONS (AT X BAND, 450 MHz;
<1GBPS)

PREPROCESSING: ALL DATA WILL BE PREPROCESSED (GEOMETRIC & RADIOMETRIC)
AT A SINGLE NATIONAL CENTER PRIOR TO DISTRIBUTION &
ARCHIVING

ARCHIVING: PREPROCESSED DATA WILL BE ARCHIVED AT A SINGLE NATIONAL
ERS ARCHIVE (RAW DATA NOT ARCHIVED)

DATA DISTRIBUTION: PREPROCESSED DATA WILL BE DISTRIBUTED VIA DOMSAT ON A
PREDETERMINED SCHEDULE TO ALL INTERESTED RECIPIENTS (DATA
OF LIMITED/ RESTRICTED INTEREST WILL BE DISTRIBUTED VIA
CCT'S OR LOWER CAPACITY CHANNELS)

Figure 6. 6-15, Ground System - General/Overall

The: centralization of these functions can represent a cost savings due to commality and specialization when the
functions are common to many users and/or several systems. This is the case for data archiving, is generally
true for geometric preprocessing, but is less true for radiometric preprocessing, During the evolution of TERSSE
it may become appropriate to have a separate "national center'' and operational control facility for each "'system
within TERSSE (e.g., EOS, SEOS, SEASAT, CROPSATS, etc.), itially however it is fzlt that the predominance

of new users and evoluving applications will make a single national center the appropriate configuration, Therefore
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the use of a single national center has been postulated for the purposes of the discussion in this section, We recognize
that as the TERSSE matures some decentralization and specialization will occur, however significant ties and inter-

connection will still be required.

The raw data stream from the various remote sensing platforms will be received, via a TDRS, at the national
center and preprocessed both radiometrically and geometrically to an '"adequate' level. The exact specification of
this ""adequate' level remains to be determined, In general it will be the degree of preprocessing stipulated for
the missions in Section 6,3, There will still be some users who because of their uniquely exacting requirement
will have to do further preprocessing at their Information Analysis Center, IAC, For example, it may be deter~
mined that geographic preprocessing correction for most users can bhe adequately supplied by utilizing the real
time, on board euphemeris estimations, In this case, éeometric correction would be supplied, to that degree, by
the national center for all data; and those users who require further correction (e.g., with updated euphemeris
data and/or ground control points) would supply their own,

Once the data has been preprocessed to this "standard" level of correction by the national center it will then be
both archived and redistributed by the national center. The data archived by the national center will be fully
indexed and cataloged and then made available to all IAC's, The redistribution of the preprocessed data stream to
the various interested user IAC's will be accomplished via a DOMSAT, Domestic Communications Satellite. The
data stream will be rebroadcast, via DOMSAT, according to a prepublished schedule go that each IAC may 'tap'
the flow for that data required by its functionally/discipline oriented requirements. Each IAC will thus be able

g

e to tune in and begin recording only those data types of specific interest to them; it is not expected that any IAC
will require all the data, from all the sensors, for all the spectral bands, for all the areas covered all of the
time,

A '"lead" Federal agency will evolve for each major resource management discipline. The designation of an agency
as "the'" lead agency for a particular resource management area is expected to be an evolutionary process as
oppoéed to an executive fiat or decree. Those agencies with the greatest self-interest in an area will tend to

exert themselves through their "power" of knowiedge and expertise and will thus assume a position of leadership
with respect to that resource management discipline. A somewhat obvious example perhaps is that the US Depart-

ment of Agriculture would be expected to be the lead agency for the resource management disciplines of Agriculture,

Each lead agency will serve as a functional or discipline oriented focal point for the centralization of activity
related to their area of interest. Each will operate on Information Analysis Center, IAC, specialized for the needs
and requirements of its users, Each will provide a centralized data repository, including both remotely sensed
and auxillary (ancillary and in situ) data, for data items relevent to its domain., The lead agencies will provide the
motivation and guidance for such discipline oriented activities as resource management planning, resource
improvement programs, and specialized data processing technique development as they relate to the agencies

discipline areas,

677




The vaﬁous Information Analysis Centers, one for each lead agency, provide the centralized capability for the

actual data processing, information extraction, and output product production, Data Source Information availability * Ji
is achieved through the maintenance of all necessary indexes, directories, catalogs, bibliographies, and abstract. N
These are maintained not only for the IAC's own data base, but through cooporative exchanges for all other JIAC's

as well., These data source availability tools can then be used to access all previously archived data that may be

needed for a particular use, reguardless of its type, source, or location. In a more particular sense, each IAC

maintains a local functional archive of those data items normally relevent to its lead agencies functional role.

For this local functional archive the IAC will provide for brouse files, data base inquires, and data base utilization feedback.

Through the functionally oriented concentration of data processing expertise the IAC will be able to handle both
routine and special user requests. This will include not only the data analysis and information extraction functions
per se; but also, the development and refinement of user models and applications. The IAC will be able to assist
users by providing them with whatever guidance and training is appropriate; however, most of the direct user

interface will occur through the geographically dispersed network of the lead agencies offices,

Each lead agency will utilize its existing network of Regional, State, and Local Offices inorder to provide a geo-

graphically decentralized mechanism for user access and interface. These offices will provide geographically

convient points of contact for those users interested in an agencies functional discipline. These offices will respond

to initial user inquiries and assist the user in properly formulating his problem in terms appropriate to the TERSSE

(as implemented by that lead agencv), The actual order for output products will be initiated by the appropriate office
interfaéing with the user. It is intended that when a hierarchy of offices exist (regional, state, local) the appropriate ' }
office will be that whose scope correlates with the users problem (e.g., a user with a state wide problem would

approach the corresponding state, see Figure 6. 6~16),

In summary, each lead agency will evolve a different implementation of this basic configuration as appropriate,
Differences will occur due to the inherent differences in the various resource management disciplines including
maturity of the discipline, number of different users, geographical dispersion of both the users and their

problemms, and the present degree of experience in the application of remote sensing to resource management,

Because of these differences, each agency will evolve their implementation as required to serve their users and

their problems,

¢

6-78



e
o

P g R g

N ol

AT T

L —=

STATE USER STATE OFFICE | REGIONAL OFFICE l LEAD AGENCY IAC II OTHER IAC ADXILIARY DATA n
l PRELIMINARY _l_. DEFINITION ' I RECEIVE & I
I REQUEST I ASSISTANCE I I LOG ORDER I
| ] ] | l | |
I PROCESS | AL l
L RETRIEVAL i
FINALIZED
I REQUEST T INFORMATION l I |
I I : | ASSEMBLE I I
I IN-HOUSE
LOG & TRANSMIT - RECEIVE & DATA
I ORDER ' TRANSMIT ORDER i I
I | ORDER ADDTIL. I |
| DATA FROM T 1
I COGNIZANT AG'Y | |
;
l I | RECEIVE & I RECEIVE &
! l ' | LOG ORDER 1OG ORDER
I I DATA ANALYSIS ) l 1
| A1 nE
I 1 PROCESS ORDER PROCESS ORDER
| ~
| CLOSE 0uT le!| cLoseour )] NOTIFY OF [} ¥
I ORDER FILE ORDER FILE COMPLETION
I TRANSMIT TRANSMIT
I ' I PRODUCT PRODUCT
FINAL I | TRANSMIT 1 l 1
PRODUCT FINAL
RECEIVEG | PRODUCT .
) 0 =
Figure 6. 6-16, Example of User Request Flow
.
A
.
-

6-79/80



SECTION 7
SYSTEM CONFIGURATION

The preceding three sections have individually addressed the three principal TERSSE elements: Remote Sensing
Platforms, Remote Sensors, and the Ground System. This section will address itself to the combination of these
individual elements into an overall integrated system. Each of the 30 TERSSE resource management missions has

its own "system'' solutionand the entiretotal system consists of the integrated sum of all 30 solutions.

7.1 THE TERSSE SYSTEM

Conslidering each of the missions singularly, there is a remote sensing portion and a ground portion which together
represent the "system'" for each mission. In Section 4 of this report the remote sensing platforms were discussed
and each mission assigned to one or more specific remote sensing platforms. Those platform assignments are
represented by Figure 4. 2-3 in Section 4 of this report. Similarly, the sensors were discussed and each mission
was assigned specific sensors (specified as to spatiai resolution and spectrai band requirements) in Section 5 of this
report. These sensor assignments are represented by Figures 5.4-7 through 5. 4~11 in Section 5 of this report.
The remote sensing portion of a mission's "'solution'" is determined by these platform and sensor assignments and

is depicted in Figure 7.1-1 with the Water 1 mission as the example.

For the example shown here, the Water 1 TERSSE mission, there were four platform types required to provide the

necessary observation coverage. When these platform types, for the Water 1 mission, are used to index the sensor

1| METER AIRCRAFT i
5 METER SHUTTLE ]
50 METER GEO SYNC 1
: 50 METER NEAR EARTH

BAND " 10 METER NEAR EARTH
FaMILY BAND FAMILY
BAND 12 MISSION 1234,.....
EARTH sYNG | FAMILY
SATELLITE [Ty -
. FAMILY
WATER 1
EAND 6
FAMILY =
— BAND
FAMILY
Pama AIRCRAFT
BAND
PLATFORM ’ 15
ASSIGNMENTS FAMILY
30 MISSIONS [ g BAND "
TYPE V‘j [ FAMILY
A ] ] NOON SUN BAND .
) SYNC SAT FAMILY
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< B4
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1] .
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Figure 7.1-1. Remote Sensing Portion of TERSSE (Water 1 Mission Example)




assignment tables the required sensor band families are thereby determined. These are then combined to establish

the platform/sensor or remote sensing portion of the system (for the Water 1 mission).

The ground system element was discussed at length in Section 6 of this report. In that section and Section 3,
specific information flow/processing diagrams were developed for each of the TERSSE missions; Figure 7.1-2 is
an example of these for the Water 1 mission. In Section 6, a ground system concept was selected (the Lead Federal

Agency Information Analysis Center concept) which can optimally implement all of the individual ground processes.

Shown in Figure 7.1-2 is an example of the Water 1 mission information flow; Water 1 is the survey and inventory
of ground water for urban and agricultural consumption. The specific user tasks are identified by name and by a
two place number system. For example, in the upper right~hand corner is "1.1 USACE'. This is the US Army
Corps of Engineers with user task number Water 1.1 (the first 1 is common throughout this example because this

example is for the Water 1 mission).

The data and information flows include the type of preprocessing required (both geometric and radiometric) and the
type of extractive processing required. The entry of ancillary and in situ data is indicated together with the format

of the information where appropriate.

The entire system for each mission is then the sum of the remote sensing »artion (Figure 7. 1-1) and the ground por-

tion (Figure 7.1-2), This is depicted in Figure 7.1-3 with the Water 1 #:i%%¢4u as an example.

7.2 THE LEAD MISSION CONCEPT

As discussed above, the TERSSE is the sum of 30 separate systems each with different requirements and serving
different users who have various degrees of readiness for the operational usage of remote sensing. The imple-
mentation of TERSSE should recognize and take advantage of these differences instead of attempting to be a one-time
implementation of a singular "super system'' that will serve all. The TERSSE approach which takes these differ-

ences into account is referred {o as the ""Lead Mission Concept''.

Simply stated, the L.ead Mission Concept indicates that a specific Earth resources management missicn will be
selected and the "system'' for implementing it will be developed. As this specific mission's requirements are
satisfied, the requirements for other (gererally similar or related) resource management missions will be satisfied
with little or no change to the specific system of the '"lead! mission, It is through this process of selecting lead

missions and implementing their systems that the entire TERSSE will evolve.

This concept focuses the system design and operation on critical system development steps and the implementation
of cost effective solutions for promising missions. At the same time, the concept provides data to a maximum
number of other emerging applications and missions. Thus, the Lead Mission Concept of system evolution will
serve as the bridge between the exploratory investigation and the coperational application of remote sensing to a

Tresource management mission,

The selection of a particular resource management mission as a lead mission involves the consideration of four
factors: benefits, users, technical, and ER Program. The benefits factor indicates that a lead mission should
have a major identified benefits potential. The benefits can include both economic and social components and

can be either national or global in scope. The users factor indicates that the user organization must be clearly
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identified and must be willing to actively support the mission. The general public awareness of the user and his

mission is also an influencing element of this factor.

The technical factor indicates that the necessary system developments are both identified and feasible, A clear
plan for implementing the system should be available and should build upon the existing technology in a logical man-
ner. The ER Program factor is an indication of the synergism that will accrue to the entire program from the
particular lead mission under consideration. The capability for spinning off data useful to a maximum number of

other applications that will produce widely applicable ERS advances should be considered.

As an example of the utilization of these four factors consider the rankings shown in Figure 7. 2-1. Shown in this
figure are nine alternative candidates for the 'lead mission' for the ERTS-C satellite. Each of the candidates were

evaluated with respect to the four factors and an overall ranking obtained.

ERTS-C CANDIDATE LEAD MISSION RANKING

-

ECONOMIC TECHNICAL USER-
ER

cOST/ \DENTIFIED PROGRAM| RANK

EFFECTIVITY | HIGH IDENTIFIABLE | PROVIDES SUPPORTING | PUBLIC

ASSESSABLE | BENEFITS SYS.REQ'TS. | MAJORADV. | ORG SUPPORT
WORLD CROP SURVEY YES YES YES YES ? YES YES 1
U.S. FARMING PRACTICES NO ? NO ? NO NO YES 7
SURFACE WATER INVENTORY YES NO YES YES ? NO YES 2
WATER QUALITY MONITORING NO ? NO ND NO ? NO 9
FLOOD MONITORING YES ? YES NO ? YES ? 3
COASTAL ZONE MONITORING YES YES NO NO YES ? YES 4
TIMBER INVENTORY YES NO YES NO YES ND YES 5
U.S. LAND USE RESOURCES INV. NO ? YES NOD NO ? YES 6
LAND FORM & COVER MAPPING YES NO NO NO NO NO YES - 8

Figure 7. 2-1. Example of Lead Mission Selection
7-5/7-6




SECTION 8
RELATED ISSUES

This section contains brief but relevant discussions on several TERSSE subjects. These subjects were considered

at various times during the course of the study and are included here in this section; the subjects include:

e 8.1 Orbit Mechanics

¢ 8,2 Cloud Cover

¢ 8,3 Resolution

® 8.4 Aircraft vs. Satellite ERS Platforms *

® 8.5 Coverage Cycle

8.1 ORBIT MECHANICS

This section provides a brief summary of orbital mechanics relevant to remote sensing for Earth Resources Survey

missions,

8.1.1 LAUNCH AZIMUTH AND INCLINATION o

There are two launch sites in the United States pertinent to TERSSE; the ETR (Eastern Test Range) at Cape :
II” ) Canaveral, Florida, and the WTR (Western Test Range) at Vadenberg, California,

W

The operational launch azimuths from these two launch sites and the orbital inclinations obtainable are shown in
Figure 8.1-1. The figure indicates that at WTR if a satellite is launched at 140o angle, the inclinatior would be

560. The WTR launch site would be used for launches of satellites to be put in a polar orbit,

The ETR launch site would be used for launches of satellites to be put in geosynchronous orbit, "figure 8 orbits, "
low inclination orbits and the 12 hour special purpose orbit.

8.1.2 LOW INCLINATION ORBITS

Low inclination orbits considered here are orbits with inclination less than 57°, This class of orbit is primarily b

applicable to ETR missions. Inclination of the orbit to the Earth's equator is of significance for two reasons:

1. . It determines the maximum latitude which can be viewed from the satellite.

2, It determines the amount of precession of the orbital plane caused by the oblateness of the earth,

Low inclination orbits, like any non-geosynchronous orbit, have the capability to provide two sightings per day for
any latitude less than the inclination (Figure 8, 1-2), - They have the advantage to provide observations under
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b

different sun illuminating conditions. It may be

GROUND TRACK
important to vary this parameter in a short time.
Precession of the orbit around the earth at a constant (atitupc 4" ~ ==l gl o
rate depends on the altitude and the inclination angle
of the orbit and is caused due to the oblateness of the

earth. The earth's rotation and precession together

with altitude and inclination of the orbit determine the
rate of change of transit time, A change in transit

time at a given site implies change in solar elevation
angle. The rate of change of daily transit time in INCLINATION
hours per week as a function of altitude and inclination

of the low inclination orbit is shown in Figure 8, 1-3,

8.1.3 POLAR ORBITS

Figure 8.1-2, Geometry Showing Two
Sightings A and B Per Day

Since the inclination of an orbit determines the maxi-
mum latitude which can be viewed from the satellite,
polar orbits are an especially useful type as it is only with inclinations near 90° that the entire earth's surface

comes into view of the satellite, Fortunately, it is the near polar orbits which also posses the capability for ad-

justment to sunsynchronism.
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8.1.4 SUN-SYNCHRONOUS ORBIT

The oblateness of the earth causes long~term secular drifts of the orbital elements. The drift of the in-plane

N

elements of a particular satellite are not of concern so long as they are known and accounted for, =

The precession of the orbital plane itself, or the angular momentum vector, is rauch more important. The earth
revolves around the sun at the rate of approximately 1°/day. If the orbit of the satellite can be made to precess at
the same rate, the earth-sun line will always be contained in the orbit plane, and thc local time of the ascending
node is fixed, This is to say that the sun azimuth will always be fixed and the local time of the crossing of any
latitude will remain constant for repeated crossing. Figure 8. 1~4 shows the inclination required for various alt-
itudes to obtain an orbital precessing rate equal to 360° per year, It may be seen that the inclination of such orbiis,
for the lower altitude, are approximately 90°, permitting global coverage. As can be seen, the higher altitude

orbits are increasingly less polar in their sun-synchronous forms,
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Figure 8, 1~-4, Inclination for Satellite Sun-Synchronism

8.1.5 SUN ANGLE CONSIDERATIONS

The local solar declination angle and azimuth are important to all types of remote sensing which rely on reflected
solar radiation, To be vonsidered are the magnitudes of the declination and azimuth as well as their variation in
time. Solar declination angles less than 60° are generally required for most photography to provide adequate
illumination. Specific declination angles and/or azimuths are required to achieve proper texture, relief and
shadowing, Also of central importance are the variation of declination angle and azimuth, both from point to

point in a single scene and from scene to scene in repetitive surveys.




st

The local solar declination varies with season, latitude and time of day, This variation of the nadir in time on a

non-rotating earth's surface traces an oscillatory pattern which follows the expression:

g = 23.5°sin2ry
where:
= latitude of nadir
23, 50 = Earth's inclination to the plane of the ecliptic
y = fraction of a year from vernal equinox

This variation is illustrated in Figure 8. 1-5,

When the rotating earth is considered, the nadir rotates " .
about the small circular latitude 8, completing a re- / \

volution in one day. Thus, N /
LAT({) = B = 23, 5° sin 2ny 0 / SUN LINE \.
. (¢ ) T, £
LON() = 360°d / \Q aurTon \
where: ’ § \
0 ] | | ] |
50 180

1
d = fraction of a day elapsed since noon at 0 0 VER?\?AL EQUINg(?x TIME - (I)ZISYS )

the zero degree meridian

DEGREES

wi

Figure 8, 1-5, Variation of Nadir Point in Time,

Figure 8, 1-6 illustrates the variation of 8 in Km/day, Non-Rotating Earth

At locations on the earth's surface other than the nadir, the declination angle is non-zero, ranging upward to 90°
at the terminator, or greater-circle defining the boundary between light and darkness. A specific instance of in-
terest is the value of the declination at noon as a function of latitude and season, From previous relationships,

we may write

y =x-8 =2 - 23,5%sin 2nd

In this case, the nadir is at the same longitude as the point of observation but at a different latitude. The variation

of noon declination angles as a functivii of time and latitude is illustrated in Figure 8, 1-7.
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8.1,6 INTERLEAVED ORBIT
SUN LINE
Interleaved means the orbits do not progress uniformly

in one direction but alternate in a regular pattern which
provides reduced access time. For example, a '"2

day access" where the ground trace pattern is inter-

‘":',I 3r 2“

leaved has the orbits on any given day located approxi-
mately midway between the orbits of the previous
day.

By using an instrument with an off-nadir pointing
capability equal to one~half the distance between adjacent

EQUATOR

Figure 8, 1-7. Geometry of Solar Declination
at a Point on the Earth

orbits or two successive days, any given point on the earth can be observed every other day, This is illustrated

in Figure 8,1-8. On the left of the figure is the familiar ERTS-type orbit with a westwardly daily progression

and a between-orbit spacing of approximately 90 nautical miles, This pattern exists at both 494 and 297 nautical

mile altitudes with repeat cycles of 17 and 16 days, respectively, Note that the Shuttle has zero payload capa=-

bility at the bigher altitude.

By contrast, the orbit on the right of the figure is a "2 day access' where the ground trace pattern is "interleaved"

(interleaved means the orbits do not progress uniformly in one direction (westerly as on ERTS) but interleave in a

regular pattern which provides the reduced access time). The two-day access pattern shown has the orbits on any

given day located approximately midway between the orbits on the previous day.
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Figure 8, 1~8, Shuttle Compatible Orbits, Launch of Automated-FR Spacecraft

By using an instrument with an off-nadir pointing capability equal to one half the distance between adjacent orbits
or two successive days (d), any given point on the earth can be chserved every other day. The two-day access
pattern occurs with orbit altitudes of 402 and 385 nautical miles with 20-day and 13-day repeat cycles respectively,
Shuttle payload capability ranges between 8600 and 9000 pounds at these altitudes.

8,1,7 GEOSYNCHRONOUS ORBIT
(Provides continuous coverage of a portiou of the globe up to a given latitude detexmined by mission acceptability

obliquity angles. )

In addition to the geosynchronous stationary 24-hour orbit (where the angle of inclination is equal to 0) whereby

the satellite sits over a specific point of longitude on the earth's equator, there are a number of other options that
may be considered which involve variations in (1) inclination of the orbital plane; (2) eccentricity of the orbit; and

(3) the argument of perigee for the eccentric orbit (i.e., "ascending node'" the location of the perigee point with
respect to the equator crossing, Figure 8,1-9). The use of inclined orbit appears to have some potential attraction
so that one may reach higher latitudes for nadir or near-nadir viewing. The employment of concentric orbits seens
to offer some potential attractiveness in terms of providing lower altitude, ar'1d hence higher spatial resolution,

coverage for a certain area and for certain times of the day.
Some examples are shown in Figure 8, 1-10 for three different inclination angles in a circular 24 hour orbit,
Figure 8. 1-11 for two different inclination angles in an eliptical orbit and Figure 8, 1-12 for a single inclination

angle in an eliptical orbit with an argument of p:zrigee angle of -30°,

With an argument of perigee of -90° and an eccentricity in excess of 0.1, the "figure 8" effect tends to be wiped

out as seen in Figure 8, 1-13.

8=7




Figure 8,1-11, Ground Tracks of Elliptical 24-Hr.,
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There is a considerable price to be paid for both in-
clination and eccentricity, In case of inclination, one
is faced with the regression of the nodes effect due to
the earth equitorial bulge. This may be in the order
of 5%a year. The price of eccentricity is a pre-
cession of the perigee at a rate which may be of the
order of 15° a year, At an orbital inclination of

63. 40 provides zero progression of perigee and may
be a desirable configuration, if eccentricity seems to

be worth it,

8.1.8 PLATFORM ACCESS TIMES

non IR

LATITIOE mentomees.
-

N L1

P et

LONITUES 19 DECHEES

Figure 8.1-13, Ground Trace for High
Eccentricity Orbit (0. 5) with 45° Inclination and
Argument of Perigee - 90° .

The two types of orbits primarily considered for long life Earth Resources missions are geosynchronous and sun-

synchronous,

8.1-14.

Sun~synchronous near-polar orbits provide access
times ranging anywhere from one day to several
weeks depending on latitude and field of view of the
sensors. The "interleaving" of orbits with off-nadir
sensor pointing capability can improve the access
time at any point on the globe at the cost of observing

at oblique angles.

8,1,9 SHUTTLE COMPATIBLE ORBITS
The launch of automated low altitude ER spacecraft

from a Space Shuttle requires special consideration.

LATITUDE

7 GEo synciRronous, 140
L ————

GEOSYNCHRONOUS, § = 0

'} IO WS W
o 4HR TWK  IMO 1 YR

s GEO SYNCHRONOUS, i=0,
LIMITED BY ODLICUITY AT
NORTHERN LATITUDES

o HIGH-COMPLEXITY INCLINED

ORBIT PARTIALLY ALLEVIATES
PROBLEM

Figure 8. 1-14,

20,

LATITUDE
»
S

The relationship between latitude and access time for these two orbit types is shown in Figure

SUN SYNCHRONOUS

« SUN SYNCHRONOUS OROIT LIMITED
Y GROUND TRACE SPACING AT LOW
LATITUDES

o INTERLEAVED ORDIT CAN PROVIDED
MORE-FREQUENT ACCESS AT OBLIGUE
ANGLES

Platform Access Times

Some general constraints have been established which bound the range of useful orbits for low altitude Earth

Resources spacecraft,

altitude by both sensor field of view/resolution and shuttle payload launch consideration,

on Shuttle launched automated spacecraft include:

¢  Most orbits are sun-synchronous - nearly all missions have visible/near IR sensors

The minimum altitude is limited by drag/orbit maintenance considerations; the maximum

The constraints imposed

®  Minimum altitude: 300 nm - at lower altitudes drag requirés numerous orbit adjustments

e Maximum altitude: 500 nm - shuttle direct payload delivery goes to zero at 500 nm. Initially consider

direct placement only,

¢  Repeat cycles less than 20 days - strong user preference



There is a whole family of repeatable orbits between 300 anc 500 nautical miles which are Shuttle compatible for J }
the launch of ER spacecraft., Access patterns of 2, 3, 4 days are possible with offset pointing with the off-nadir

distance decreasing as the access time increases. Reduced access time provides an alternative to multiple polar

or synchronous satellites for the delivery of timely data which cannot now be fulfilled by the ERTS-type orbit.

. It is a realistic potential EOS and post-EOS operational capability.

8.1.10 SPECIAL PURPOSE ORBIT

Special orbits present special observation opportunities for Earth Observation experiments, During the course of
this study, a quick look analysis was performed on the 12 hour elliptical orbit. This orbit (refer to Figure 8, 1-15)
would have an apogee of approximately 21, 000 nm and a perigee of approximately 400-500 nm at inclination on the

order of 600.

The results of this analysis are presented below in the advantages and disadvantages of such an orbit.
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Figure 8,1~15, Ground Track of 12-Hr, Elliptical Orbit
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Advantages

®  Provides continuous daylight coverage over the same designated area
® Provides a capability for a ground station to receive real time data

e  Provides data at a family of sun elevation angles

® Minimizes the effects of cloud cover

®  Provides data at various look angles

®  Provides a capability for concentrating on a specific large area
Repeat cycles of approximately 1/week depending on precession rate

e  TLong duration mission

Disadvantages

e Loss in sensor resolution

8,2 CLOUD COVER CONSTRAINTS

Remote sensing by satellite has made great strides in technical capabilities since the early days of the satellite
{ ) era. Yet despite these strides, the probiem of cloud cover has continued to impede the utilization of satellite data

in the burgeoning number of earth resources applications,

By reducing or eliminating visibility on a stochastic basis, cloud cover makes the performance of any non-earth
stationary viewing system uncertain, Where reliable availability of data is of paramount importance, cloud cover

can be fatal to an application,

The current problems with cloud ocbscuration can be expected to be alleviated to some degree in the future by two
approaches. The first of these is simply shorter coverage cycles; repeating an orbit more frequently provides a
greater number of possible observations opportunities. This will increase the probability of securing cloud free
images. The second approach is the advent of pointable sensors (perhaps in conjunction with shorter repeat cycles),
Those sensors are capable of being pointed, off-nadir, in order to take advantage of cloud-free opportunities such

as holes or intermittent cloud coverage, These factors, in conjunction with better cloud cover predictability, and/or

real time interactive cloud cover sensors, will provide some relief by the TERSSE era.

The data shown in Figures 8, 2-1 through 8. 2-3 exhibit the historical seasonal variation of cloud cover as a function
of month-of-the~year for various areas of the world. These data were extracted from the "Global Atlas of

Relative Cloud Cover (1967-1970)" and present the mean cloud cover for an afternoon (1400 to 1600 hours) local

‘ 8-11
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time-of-day. On the United States curves the overall average experienced by ERTS for a shorter time interval

(approximately one year) and diffcrent (0900 hours) local time~of-day is indicated for comparison, The variation

of cloud cover with time-of-day can be seen in Figures 8, 2-4 through 8. 2-7, which represent long time (5-10

years) averages for 29 locations throughout the U. S,

When viewing this cloud cover data it must be borne in mind that this represents the mean fraction (in eights) of

cloud cover for an area and is not necessarily equivalent to the mean fraction of cloud free (or totally cloudy)

days. This relationship involves a more detailed investigation of the actual distribution of cloud cover,

day and one totally cloudy day are not the same as two days each with 50% cloud cover,

8.3 RESOLUTION

One clear

The question of spatial resolution and sensor instantaneous field-of-view, IFOV, is a constantly recurring one for

remote sensing in general and remofs sensing for ERS in particular.

some of the general trends as appropriate for TERSSE,

The usefulness or utility of better spatial resolution is generically depicted in Figure 8, 3-1,

This figure indicates that there are quantum levels

of utility corresponding to better resolution (smaller
pixel size), The utility (benefit) function is not a
smoothly increasing one but rather is a function of the
parameter being viewed, For example, when con-
sidering housing there is a utility associated with
being able to identify/distinguish suburbs, one with
particular developments within a suburb, and one with
particular houses within a development, There is no

significant utility associated with intermediate levels

UTILITY

o PLANTS/ROWS

e HOUSES

e INDIVIDUAL FIELDS

This section contains a brief discussion of

¢ DEVELOPMENTS
e AG LAND
e SUBURBS

LEVEL 3

\ LEVELZ\ L.EVEL

INCREASING PIXEL SIZE ——p»

Figure 8, 3-1.

Utility of Spatial Resolution

of identification. Similarly, agriculture has a set of utility quantums; those being agriculture areas, individual

fields, and individual plants/trees/rows, Each discipline may bave its own set of quantum levels corresponding

to different resolutions; but these will be discrete levels or '"knees' in the utility curve,

Now to consider the cost of obtaining increases in spatial resolution, refer to Figure 8, 3-2,

Although the actual real world curve is not a smooth one as shown in the figure, it has discontinuities correspond-

ing to different sensor types, the point is still valid, Better resolution is not free, there is a definite higher cost

associated with achieving higher spatial resolution.
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When the previous two trends are combined to yield

a utility per cost curve, as shown in Figure 8, 3-3,

o
= Nt

some interesting conclusions become evident. The

utility per cost function (bang ner buck) is not a

COST

smooth montonoicly increasing function at all,

Rather, there are unique peaks of “'efficiency.'" The \

exact location, height, and spacing of these peaks

INCREASING PIXEL SIZE ———¥=

varies according to the different disciplines. The Figure 8.3-2, Generic Cost of Resolution

point, however, remains, that significant changes in

resolution are required to move from one peak to the next. Further, when cost is included as in the previous
figure, it may not be desirable to move to the next peak. In the case illustrated, higher resolution did have
higher utility (and a higher cost) but the "efficiency' curve of utility/cost had all three peaks of equal height.
Significant work remains for the ERS community to better define the various utility quantums and the resultant

efficiency curves,

e PLANTS/ROWS e INDIV, FIELDS o AG LAND
e HOUSES e DEVELOPMENTS e SUBURBS
b be— 7 —e— 7 —
[1)] H
For example, consider the situation where remote 9
sensing is used to determine the size of agricultural E
=
fields, (Refer to Figure 8, 3-4.) The spectral &
signature of each pixel is classified and a decision as
VEL 3
to whether or not that pixel is part of the field is d
made, The area of the field is then computed as the INCREASING PIXEL SIZE ~——#»
sum of the individual identified pixels o PEAK LOCATIONS VARY BY NISCIPLINE, BY REGION
’ e SIGNIFICANT UTILITY ACHIEVED ONLY NEAR PEAKS )

® MAJOR INCREASE/DECREASE i RESOLUTION REQUIRED
TO REACH ADJACENT PEAK

ing that i ith
Assuming that the center pixels, those wholly within Figure 8.3-3. Utility/Cost Versus Resolution

the field, are correctly identified, the source of field
size error is then attributable to the border pixels. The figure, (Figure 8.3=-4,) contains the relationships
of estimated field size to actual, for square fields, depending on the treatment of border pixels,

If the errors in estimated field sizes for individual fields are independent and have a zero mean, then the expected
error of the aggregate is relatively small. Referring to Figure 8, 3-5, the sum of four smaller areas is used to
determine the single larger area, If each of the small fields has an error (random) of 1o then when these are com-
bined the error of the total will be 20 (random independent errors add as the sum of the variances ~ not as the sum
of the individual errors). The implication is significant - the total acreage error is not primarly a function of field

size but of the total acreage measured.
This issue of resolution (pixel size) as related to agricultural acreage determination is summed up by Figure

8.3-6. These curves express the error (measured area/actual area) as a function of the number of pixels in the

area for the three border pixel treatments discussed earlier. For example, if 80 meter pixels (IFOV) are used to
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Figure 8.3-5. Large Area Measurements

measure an 8 hectare (20 acres) field, the field estimate could be as high as 175% or as low as 48% of the actual i
field size, On the other hand, if the 80 meter pixels are used to estimate a 256 hectare area (either all at once or
ag the sum of many small fields), the estimate wiil be between 106% and 97% of actual. Thus, the resolution

required is a function of the total area of concern for the problem,

8.4 AIRCRAFT VS. SATELLITES AS ERS PLATFORMS

8,4.1 BASIC COMPARISON OF AIRCRAFT AND SATELLITE
The general usefulness of both aircraft and satellites for performing remote sensing has been demonstrated by years
of experience. Aircraft have been employed heavily in many types of mapping surveys and are responsible for the

vast majority of the raw data which produces the maps in use throughout the world today, Satellites have been in
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Figure 8,3-6. Area Measurement Error

operational use for several years performing meteorological remote sensing in the form of cloud cover images,
both from low altitude and geostationary orbits. Both of these uses have created prototype platforms and techniques
useful for the present requirements of global earth surveys; however, the specific requirements of the global

system make thorough examination of the inherent and the controllable characteristics of both platforms necessary.

The literature provides an animated, if incomplete, debate on the relative merit of aircraft and satellites in the
role of earth resource survey. Katz* claims for aircraft a superior product obtained more economically

and with more flexibility and political safety, Doyle and Moeckel** claim for spacecraft a superior product
obtained more economically, and identify the global reach of the satellite as dominating, What is lacking in the
literature is 2 comparison of the two platforms on any sort of common basis which includes the total extent of the
range of information requirements which will exist for future operational systems. A basic comparison of the

two carriers follows as the first step in such a process,

*Katz, Amrom H,, ""Let Aircraft Make Earth Resource Surveys, ' Astronautics and Aeronautics, Vol. 7 No. 6,
p. 60, June 1969,

**Moeckel, Wolfgang, and Katz, Amrom, '"A Mild Confrontation Over, 'Let Aircraft Make Earth Resource Surveys, '
"Astronautics and Aeronautics, Vol, 7, No, 8, p. 89, August 1969,

**Doyle, Fred J., and Katz, Amrom, "Further Confrontation over 'Let Aircraft Make Earth Resource Surveys, '
"Astronautics and Aeronautics, Vol. 7, No, 10, p. 78, October 1969,
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Carrier Vehicle Function
The function to be performed by the carrier vehicle is that of

- transporting and positioning the sensor package;

-  at the proper points in 3-D space above the surface of the glove which are dictated by target and sensor
requirements;

- at the proper times;

~  while providing the housekeeping and communications functions necessary for sensor package operation.

The aircraft and satellites as carrier vehicles will be compared in their ability to perform the above transportation
function,

8.4,2 COMMON OR NORMALIZED TRANSPORTATION CHARACTERISTICS

Both satellite and aircraft are non-stationary platforms which can carry sensors from jlace to place at constant
or variable altitudes in a controlled or predictable fashion, Both can be equipped to provide the electrical power,
attitude control, thermal control, and data processing capability required to support sensor payloads of a few
hundred to a few thousand pounds. Although the sensor configurations may not be identical (e.g., longer focal
length optics for satellites), both can be considered as sensor carrying platforms which produce equivalent data
meeting the requirements of the target variables. *

8.4,3 TRANSPORTATION CHARACTERISTICS OF THE SATELLITE
The satellite, as a result of its altitude of hundreds of km and its orbital velocity of many km/se¢., has an ex-

tremely high area coverage rate per vehicle (e.g., for an altitude of 500 km, and a field of view of 450, the area
coverage rate is on the order of 104 kmz/sec. ). :

High coverage rate is useful in several ways: it permits imaging of large areas with a small number of satellites
and it permits obtaining images of target areas separated by great distance (in the direction of flight) within a
short time,

*This is not to say that current data from aircraft and satellites is equivalent or even similar; what is intended is

that a meaningful comparison can be made of the two carriers only if their outputs can be compared in terms of
system requirements.
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The high altitude of the satellite is advantageous in a second way - it permits the capture of a large area in a

single image, preserving tonal and textural correlation across the entire area. A mosaic of the same area made l 4
up of smaller images would possess tonal and textural decorrelation of varying degrees, sometimes debilitating, ** " ’3
The satellite is inherently on station continuously; its duty cycle is interrupted only by the overflight of uninteresting

terrain, the limitations of data storage or transmission capacity, or the mechanics of its orbit,

The satellite is often considered to be capable of only modest spati:l resolutions, on the order of 10 to 50 meters.
If the additional costs of large optics, image-motion compensation, and attitude control complexity are borne,

however, the low orbit satellite is, on paper, capable of considerably better spatial resolution performance,

A limitation of the satellite, because of its extreme distance from the target, is that of pointing accuracy, For high
resolution targets (.2m) the sensor field-of-view will be only a few to 10 km wide; total pointing vector errors on
the order of 0, 001 radian are thus required to insure that the target area is enclosed in the sensor field-of-view.
Nominal satellite attitude control systems are not this good, but closed-loop control of the sensor line of sight
(LOS) via several means can provide the capability at the expense of additional complexity, Three means of closing
the loop are: (1) a human observer in the satellite controlling the sensor L.OS; (2) an automatic map-matcher in

the satellite; and (3) a human observer on the ground using a TV display of the sensor image and controlling the

sensor LOS,

Another limitation of the satellite which is inherent in its altitude is the obscuration of desired data by clouds,

This limitation may be attacked, with partial success, by (1) using active and passive microwave sensors which l

W’

are not affected markedly by cloud cover; (2) using a manned observer in the satellite to point the sensors between
the clouds, thus capturing some of the desired data under some types of cloud conditions (e.g., sub~tropical
scattered cumulus). The only general solution to the cloud cover problem, however, is repeated overflights which
image the unobscured portions of the target and finally accumulate the total amount of desired data, It is worth
noting that significant resource target areas require upwards of ten overflights to achieve 80% coverage (with

P =,95) during some seasons of the year, *

*Cooley, J, L., "Sensor Lighting Considerations for Earth Observatory Satellite Missions, "' NASA TM X-551~
72=-202, June 1972,

**Jaffe, Leonard and Summers, Robert A,, ""The Earth Resources Survey Program Jells, " Astronautics and
Aeronautics, Vol. 9, No, 4, p. 24, April 1971,

8-20



e A final characteristic of the satellite, inherent to its being in orbit about the earth, is the fixed nature of its flight
path once launched, Small in~plane adjustments to the orbit may be made without excessive fuel weight penalty,
and indeed, any long-lived low altitude satellite will need a small amount of thrust applied along its velocity vector
to offset the energy lost to atmospheric drag and other perturbations. But large changes to the flight path, parti-
cularly out-of-plane, consume major portions of the satellite's total weight* and are out of the question in a
practical system, Access to areas on the earth's surface is, instead, pre~programmed by careful selection of the

orbital parameters of the satellite,

8.4,4 TRANSPORTATION CHARACTERISTICS OF THE AIRCRAYT

The aircraft, as a result of its human crew and controllability, possesses the ability to vary its path with ease and
almost unlimited flexibility, Its position in 3-dimensional space and time is limited only by its range, maximum
altitude capability, and speed envelope. And crew vision, either aided or unaided, may be employed in a search

for an uncertainly located target, guiding the aircraft over the target after it is identified.

Its area coverage rate, limited practically to a subsonic speed {over land) and an altitude of 20 km, is relatively
low = on the order of 40 kmz/ sec, And target areas larger than a few tens of km in width will require the use of

multiple images prepared in mosaics for full coverage.

High altitude jet aircraft (as opposed to low altitude, piston powered aircraft) are necessary to achieve the
T economies of higher area coverage rate and the usefulness of high altitude. But these aircraft are impeded by
et the obscuration caused by clouds almost as much as the satellite, as nearly all cloud cover of significance lies
below an altitude of 20 km, |

The techniques for attacking the cloud cover problem are (1) to fly repeated passes, using real-time cloud infor-
mation to maximize the amount of data obtained per pass**; (2) to fly under the clouds and accept the inefficiencies
of low altitude; (3) to point the sensors at open areas between the clouds when such opportunities exist (as with the

satellite); and (4) to use active and passive microwave sensors,

Another characteristic of the aircraft is that it requires the consumption of fuel and human energy to remain
airborne and thus its mission time will be limited to periods of hours, instead of days or years. This character-
istic manifests itself in the constraining of the single aircraft to a more regional, as opposed to a global, operation
as it cannot (as can the satellite) "'follow the sun' indefinitely, and the flexibility which characterizes the aircraft
is dimished as it ranges further from a suitable base.

*One 90° plane change would require a fuel weight on the order of 50% of the total vehicle weight.
**This is an important advantage over the satellite if a staging base is located near to the area to be imaged, as the
response time of the aircraft to a clearing of the skies would be short, On the other hand, NASA Earth Resources
aircraft spend a signficant amount of time at forward bases waiting for good weather.
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8,5 COVERAGE CYCLE

The determination of the proper coverage cycle (orbit repeat interval) involves the consideration and simultaneous ; }
juggling of several factors, If a user required updated information once a month, and if all the required infor-

mation could be assuredly obtained with a single observation, then the coverage cycle would also be one month,

In practice this represents the outside 1imit on the coverage cycle and the actual cycle required is more frequent,

Tigure 8.5-1 is a representation of the four factors which must be considered simultaneously in order to arrive

at a proper coverage cycle. The four factors are (1) phenomenological rhythms; (2) bureaucratic rhythms;

(3) Keplerian rhythms; and (4) cloud cover.

BUREAUCRATIC KEPLERIAN
RHYTHMS RHYTHMS

| ' )

JUGGLING-ACT REQUIRED

Figure 8,5-1, Coverage Cycle~-Rhythm Method

The "phenomenological rhythms' refers to the basic timing and time patterns of the subject about which information is
to be obtained, For instance, with agriculture, it is the growth and development characteristics of plants as a
function of time that are useful in the identification of individual crops, their vigor and the nature of the various
stresses to which they are subjected. It is through the observation of the rate and nature of these biological changes
that it appears to be possible to provide useful crop surveys via remote sensing, It is the timing or sampling rate

dictated by these fundamental characteristics of the basic phenomena that are referred to as phenomenological rhythms.
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:\ l For example, Figure 8, 5-2 shows how theoretically the green leaf area index for wheat might vary as a function
of the productivity of two different wheat fields, Measurement of the slopes of these curves through multiple, time
spaced samples, could be used to estimate the expected yield of these fields, It is clear that several measurements

a week or two apart will be necessary,

HYPOTHETICAL TRENDS OF GREEN LEAF AREA INDEX FOR WHEAT
CROPS WITH HIGH AND LOW YIELDS, LEAF AREA INDEX MAY BE
DETERMINED FROM SPECTRAL RADIANCE MEASUREMENTS THROUGH
THE USE OF ANAL.YTICAL MODELS OR FIELD CALIBRATION DATA

HIGH YIELD

LEAF AREA INDEX

TIME (WEEKS)

Figure 8,5-2, Phenomenological Rhythms

The "bureaucratic rhythms' refers to the timing of the information requirements, the information update cycle.
Many users of Earth Resources information (especially government agencies) are required to produce reports
(resource management information) on a regular repeated calendar basis (e.g., weekly, monthly, quarterly, etc.).

This is demoastrated by Figure 8, 5-3 which shows a histogram of the update cycle requirements of the major

e

federal agencies, Note the large peaks at the monthly, quarterly, and yearly intervals,

The "Keplerian rhythms'' refers to the basic orbital period of a satellite (or similar parameter for other platforms),

The orbital period of a satellite is related to its mean distance from the center of the earth, Furthermore, the
width of the ground swath beneath the satellite that can be viewed with minimum degradation in resohition due to
the curvature of the earth increases with increased altitude, although larger and larger optics are required with

increasing altitude to maintain the desired resolution, Thus, there is a series of trade~-offs that must be made s
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Figure 8, 5-3. Update Cycle Bureaucratic Rhythms

between the width of the coverage swath used, spacecraft orbital altitude, size of the optics required for the
sensors, the resulting size and weight of the sensors, and the frequency with which the same ground areas can be
viewed from any given spacecraft, Figure 8, 5~4 illustrates one of many trade-off curves needed, showing the
relationship between swath width and coverage repetition period for satellites at 550 km or 1000 km. The point

to be made here is that for specific values of coverage repetition frequency, there are very definite orbit mechanical

constraints (refer to Section 8, 1 for a brief discussion of orbital mechanics) that must be met,

Superimposed over all the other constraints for obtaining the desired coverage frequency is the problem of the
earth's cloud cover. From the point of view of quoting the probability of seeing some point on the earth's surface
during any season of the year, conventional cloud cover climatological data that have been collected for decades

are somewhat misleading., Tirst of all, as satellite imagery has shown, the earth's cloud cover is usually quite
discontinuous; samples of sky cover as seen by an observer on the ground cannot be readily ipterpolated to areas
between ground observation points, Furthermore, reports of certain fractions of the sky covered by clouds, usually
quoted in octas, tell nothing of the spatial distribution of the clouds. For example, a sky cover of 3 octas could
mean a few clouds are scattered over the entire field of view of the observer, or a solid bank of clouds is covering

one ''corner" of the sky,

Recently, development of a global cloud cover atlas* has been initiated jointly by NOAA and the USAF Air Weather

Service based on four years of weather satellite. Full global data on average monthly, seasonal, semiannual and

*Global Atlas of Relative Cloud Cover, 1967-70, NOAA Dept, of Commerce and USAF Air Weather Service,
Washington, D, C,, Sept. 1971,
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amual cloud cover have been compiled for each approximately 40 x 40 km segment of the earth's surface. The

major shortcomings of these initial compilations is the relatively short period of time so far compiled and the

fact that the data are all for a local sun time of 1400~1600 hours,

In areas of important diurnal cloud cover

phenomena, e.g., equatorial Brazil or Southern California, this could place a noticeable bias in the data, Refer
to Section 8. 2 for a brief discussion of cloud cover. ‘
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APPENDIX B
RESULTS OF PLATFORM ASSIGNMENT (CASE 2)

The computer output contained in this appendix is that used for the assignment of missions to remote sensing plat-
forms as discussed in Section 4,2 of this TERSSE report Volume.
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