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1. INTRODUCTION

This report documents the results of an 18-month contract
(NAS5-21927 Trade~-Off Analysis of Modes of Data Handling for Earth
Resources (ERS)) undertaken by TRW for NASA/GSFC. The purpose of
this effort was to review data handling requirements for earth observation
missions over a 10 year period commencing in the late 1970's, review
likely technology advances over the same period and develop parametric
techniques for synthesizing potential systems, A key study output was to
be the identification of technology advances which will pace program

evolution and hence whose acceleration would be beneficial.

Clearly, prognostication in any form can be the subject of criticism
and the work here will be no exception, We have recommended missions
and suggested that technological devélbpments be accelerated, which may
not come to pass for many reasons. Any recommendation may be by-
passed along the way by a better approach which we have overlooked;
Vfunding limitations or lack of user demand may delay implementation or
the suppbrting technology‘may be slower in arriving than we have anticipated.
In any event we béliéve that most of the requirements we began with are
‘real and must be eventually satisfied by one means or another, and our
approach to their satisfaction will be at least stimulating to 6ther if not

truly prophetic.

Our report has been organized to reflect the tasks that were under-
taken in the study. We first reviewed the sensors that were under de-
velopment and extensions of or improvements in these sensors that might
be expected over the interval being considered (Section 2). We then used
these as drivers for developing mission models for nine missions span-
ning land, ocean, and atmosphere observations. Our models included
instrument groupings, orbit selection, approximate launch date and iden-
tification of disciplines which would be served (Secticn 3). We next sum-
marized our work in the form of data handling requirements which were
used to drive the remainder of the study (Section 4). These requirements
included the frequency of coverage and timeliness of dissemination as well

as the geographic relationships between points of collection and points of
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dissemination, It also included uscr needs versus sensor capbilities

as far as output product formats and geometric and radiometric quality J

were concerned,

Using this summary we reviewed data routing to establish ways of
getting data from the point of collection through the center for processing
to the eventual user or users (SectionS). We looked at the impact on
data load, timeliness of diiissemination, quality of data products, of
employing on-board tape recorders, using TDRSS, relaying data from
point-to-point via landlines and communication satellite, and using on-
board versus central versus dispersed data processing. Next we looked
at the technologies associated with on~board data procés sing (Section 6),

communications (Section 7), and ground data processing (Section 8),

In our final phaée (Section 9) we applied the previous results to the
more detailed synthesis of three specific missions selected from the
original set of nine, The basis for selection of the specific three was an
attempt to span the 10 year interval being studied; cut across several
disciplines; include both R&D and operational requirements and exercise
the range of data rates, source-destination geometries, and data quality l@
and timeliness requirements. Also included in this section are some

recommendations for SRT and ART effort.

Although the effort presented here had the approval of NASA repre-
sentatives at various review points along the way, all conclusions and
recommendations are those of TRW and in no way imply that the govern- '
ment intends to evolve missions or data handling systems for earth

resource missions as presented in this report.
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2. SENSOR CHARACTERISTICS

Task 2 consists of the identification and description of a set of
candidate sensors for use in the selected missions. The set of sensors
chosen in this task come from instruments identified by the EOSMRG,
ASIWG, and other government and TRW studies. It was selected with the
cooperation and approval of NASA to provide a group of sensors capable
of mjeeting the measurement requirerﬁen’cs of the study missions. The
characterization of these sensors has been carried through in sufficient
detail to allow their allocation to the missions and to permit the deter-
mination, in the context of these missions, of the requn'ements they place

on data handlmg functions and techniques,

2.1 Sensor Selection '

A preliminary list of sensors wés prepared by TRW during the

preparation of the proposal for this study. Leading candidates were sug-

gested to represent all the types of instruments believed to be useful for

Earth Resources missions. These instruments consited of 16 sensors

within the classes of:

'Imaging Sensors
Spectrometers
Visible and Infrared Radiometers

Passive Microwave Radiometers

Synthetic Aperture Radar,

In a meeting with NASA held on 17 August 1973, a final set of candidate
sensors was established, based on a selection from the initial TRW list
but expanded to include some additional pertinent sensors at the direction

of NASA ., This set of sensors is given in Table 2-1.

Table 2=1, Revised Candidate Sensor List

‘ High Resolution Multispectral Point Scanner
Pointable Imager

Imaging Radar (Synthetic Aperture Radar)

Passive Multichannel Microwave Radiometer

Oceanic Scanning Spectrophotometer

‘Sea Surface Temperature Imaging Radiometer
Advanced Atmospheric Sounder and Imaging Radiometer
Constant Resolution Meteorological Scanner : e
‘Data Collection and Location System

Dual Mode Imaging Spectroradiometer

Film Recovery Systems




The list of instruments is not exhaustive of all sensors that might
be used in earth resource observations, but it does provide representa -
tives of all the major types, and sensors can be found within the group
to satisfy almost all user needs. Representative instruments cover all
the regions of the electromagnetic spectrum which are useful for earth
observations; the visible and near (reflected sunlight) infrared, the thermal
infrared to about 15 micrometers, and the microwave regions. Most of
the ultraviolet and long wavelength infrared regions are excluded because
of severe atmospheric absorption. All the classes of sensors previously
listed are représented by at least one instrument. The distinctions among
these classes are not always well defined, and some instruments could be
considered as representative of more than one category; for example,
the Dual Mode Imaging Spectroradiometer, as its name implies, is both

a radiometer and an imager.

The specified instruments also cover a wide range of data handling
requirements. The high resolution imagers produce very high data rates,
but with low to moderate data analysis requirements. At the other
extreme, atmospheric sounders have very low data rates (more than six
orders of magnitude smaller than some imagers) but require very complex

data inversion techniques,

Data perishability, and the corresponding repetitive coverage
requirements, as a consequence of the diverse nature of the measurements
and the uses to which they are to be put, vary tremendously. The
meteorological and similar types of data begin to degrade in their use-~
fulness after one to a few hours, and hence daily or even more frequent
repetition of the coverage is desirable. On the other hand, some of the
’ mabpping functions need to be condpleted only in a matter of months after
the data are gathered, and these data may need to be obfaineé only once

during the lifetime of a satellite.

The sensors descripﬁoné given in Section 2.3 detail the specific
;c‘ases of the ranges in instrument characteristics suggeste‘d in the

foregoing.

2.2 Cost Estimations

Cost estimation is always a veiy difficult task, even with very firm

instrument specifications. Estimates become progfessively less reliable
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as projections are made farther into the future, where judgments must
be made as to the probable state of the supporting technology base as well
as the projected specific current state of the art. Even in the short term,
many of the conventional relationships used in estimating costs are no
longer particularly useful. Most CER's (Cost Estimating Relations)
which have been used or proposed in the past have been based on statis-
tically derived weightings of the influence of weight, power requirements,
and parts counts of one kind or another. The increasing introduction of
more and more sophisticated integrated circuitry has gone far toward
invalidating projections based on any of these criteria. Moreover, the
increased payload capabilities of space’crﬁaft:, particulariy those involving
the use of Shuttle directly or as a launch &ehicle, may be expected to
change many design criteria. For example, the cost of an instrument
designed for use on Spacelab may actually be reduced by the design
implications made possible by an increased weight allowance, whereas
traditionally an increase in weight could be fairly reliably correlated

with an increase in cost.

One factor Which may be expected to remain important in cost
estimation is the complexity of the instrument, but of course complexity
must be estimated in some way. The most reliable correlation, within
sensor class'es, is probably the number of data channels involved.
Therefore, the cost estimates given in the sensor characteristics tables
are based on current instrument costs, with often subjective estimates of
the effects of complexity and performance increases leading to higher
future costs, modified somewhat by allowances for the advancement of

the supporting technology base.

The availability of cost estimates for some of the sensors intended
for EOS, as well as some other current or near-term projects, has
provided a fairly good baseline for estimating the costs of 1978 sensors.
However, it has been somewhat disconcérting to find that even during the
period oi this study the best estimates of the costs of the Scahning Spec~
troradiometer and the High Resolution Pointable Imager for EOS have
‘had to be revised upwards by about 70 percent. Extrapoiation to 1983
and 1988 costs is evidently still more riéky. Therefore the costs can

be said to represert only indications of estimated relative costs.
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Moreover, there is no way properly to evaluate the effects of specific
difficulties in the advancement of the state of the art which is inherent

in the development of any particular sensor. The projected costs may

be considered as predicting the regular achievement of major technical
breakthroughs on a prearranged schedule. Inevitably, some of the sensors
will cost much more than indicated, but it is not possible to say which

ones.

2,3 Sensor Descriptions

The approved set of sensors described in this section are those
from which allocation to the various missions is made. The data products
associated with these sensors, together with the specific user /destination
requirements, comprise the baseline requirements for *he data handling
problem. There are alieady indications that some of the sensor descrip-
tions depart from the most recently planned configurations for the 1978 .
period. For example, the AASIR (Advanced Atmospheric Sounder and
Imaging Radiometer) which is currently in a Phase 0 study and is planned
for use on a 3-axis stabilized geosynchronous satellite, may be expected
to have a different set of spectral bands than we had originally believed,
the most significant change being the elimination of the microwave
channels. In the case of the Oceanic Scanning Spectrophotometer, current
thinking is tending toward the use of somewhat less than the 20 channels
specified, perhaps only five at carefully selected positions in the spectrum.
This may be partly balanced in terms of data output by somewhat higher
spatial resolution. Overall, the baseline requirements imposed on the
data handling system are not materially changed by these variations. It
is, in fact, probably safe to say that the effects of these and other changes
which will inevitably occur, will not invalidate the usefulness of the con-

clusions of the data handling study.

It should be noted that a sensor called the Combined Scanning
Spectroradiometer and Pointable Imager is included in Missions 3 and
6, but this combination is not included in the sensor descriptions. The
reason for :his is that, on the one hand, the design studies have not
advanced to the point where the physical characteristics are well defined,
while on the other; the data output characteristics are by specification

the equivalent of the combination of the two separate instruments.
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Therefore, for the purposes of this study, the baseline for the data
handling analysis is fully defined by the descriptions of the two individual

sensors.

The high resolution imaging sensors, including the High Resolution
Multispectral Point Scanners, the Pointable Imagers (and the combination
of these two) and the Synthetic Aperture Radar produce data rates two to
three orders of magnitude greater than those of any other sensors. They
will consequently dominate the data handling problem, in spite of the
more complicated data reduction required by some of the other sensors.
The data rates projected for 1988 exceed current and near term capabili-
ties for handling them, and these capabilities may still be 1imiting in
1988. However, the factors governing the data rates are interrelated,
and tradeoffs different from those implicit in the 1983 and 1988 estimates
are possible. A convenient way to look at the data rates of visible and
infrared imagers, from the standpoint of user oriented requirements, is

given by the equation:

VvV W
DR _=—-g-—- n n_k (2'1,)
v 2 c’b
R
g
where

Vg = ground speed
W = swath width
Rg = ground resolution
n_ = number of channels
n, = number of bits per resolution element
k = number of samples per resolution element

Thus, V_W give the area covered in unit time, while R 2 gives the area of
a single picture element, so the quotient is the number of picture elements
per unit time, and this, multiplied by the number of channels and the
number of bits per picture element, gives the data rate, The relationships
among data rate, IFOV (in ground resolution), and encoding level are

shown in Figure 2-1,
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Figure 2-1, Data Rate versus Ground Resolution
(Imaging Sensors-One Spectral Band)

In the application of Equation 2-1, it must be remembered that
the feasible variation of any of thé parameters is dependent on a number
of technology factors, which may be interrelated among the parameters.
The equation may be used with confidence to choose among the tradeoffs
for reducing the data rate by reducing one or more of the parameters,
but a tradeoff i'educing one while increasing another may violate limita-

tions not explicit in the expression.

Synthetic aperture radar data rates prior to processing the raw
data to produce image type data are greater than would be deduced from
Equation 2-1 by a factor of 2 or more (it is 6.5 in the 1978 example given).

The appropriate equation is:

2V W ‘ ;
DR = R?f— n (2-2)

where L is the antenna length. The relationships of some of the pertinent

parameters in this equation are shown in Figure 2-2, along with estimates
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Figure 2«2, Data Rate versus Resolution and Power in
Synthetic Aperture Radar

of corresponding power requirements. As with Equation 2-1, tradeoffs

must be applied only within limits permitted by the state of the art.

Film camera systems are also high resolution imagers, and the
amount of data they can record is typically greater than that of any other
sens‘or.k However, they provide their own storage medium (the film)
which is easily processed for film recovery systems. The amount of

data manipulation required in the applications envisaged for the various

- missions is very small, since inherently very high geometric fidelity can

be obtained and the radiometric accuracy, while only modest; is not

subject to any significant correction.

2.3.1 Individual Sensors

This section gives brief verbal descriptions of each of the candidate
sensors, while Section 2, 3.2 consists of a set of tables summarizing the

pertinent design and performance characteristics of each.
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2.3.1.1 High Resolution Multispectral Point Scanner

The high resolution multispectral point scanner provides mapping
data in several spectral bands from the visible into the thermal infrared
from which information can be derived for use in a number of earth
resources disciplines such as geology, hydrology, agronomy, forestry
and coastal zone studies, Specific uses generally require different com-

binations of the available spectral bands,

The sensor is in concept a mechanical cross~-track scan device
with a single detector for each spectral band; the image being built up
from a succession of scan lines displaced successively along-track as the
result of the vehicle motion, For high resolution scanners, however, it
is necessary to provide an arr.ay of several detectors oriented perpendicu-
lar to the scan direction for each speétral b;md, so that each mechanical
sweep covers that many individual scan lines, in order to keep the scan
frequency down to an achievable value., Spectral separation of the bands

can be achieved by having the detector arrays for the different bands
sufficiently physically separated along the scan direction to permit the
use of bandpass filters to define the spectral bandwidths, by the use of
dichroic mirrors, or by using a dispersive element (prism or grating),

cr some combination of these techniques,

The 1978 technology in these sensors is well define‘d by the results
of current design studies, The cycle involving the choice of the most
promising of these, the subsequent development period, and the production
of one or more flight articles, can be expected to be completed just about
in time to fly in 1978, The principal area of divergence in design phil-

“osophy among potential producers of these scanners is in the scan mechan-
ism itself, Concepts currently being considered are:

1)  Object plane scanning Vursirlg an oséillating mirror

2) Image surface scanning along an arc centered on the optical
axis of the system, resulting in a conical scan on the ground

3) Image surface scanning through the optical axis of the system,
resulting in a linear scan on the ground.
Of these approaches, only object plane SCanhing can be said to be a well
established and proven technique. On this account, it is picked as the

most likely choice for 1978,
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In estimating the sensor characteristics to be expected in 1983 and
1988, it is assumed that better spatial and amplitude resolution, wider
swath widths, and more channels will be desired, This has been the
traditional pattern in sensor development, and it will probably continue
in the next 15 years, even though there is evidence that at least some
users can derive more useful information from imagery of modest resolu-
tion than they had thought possible prior to experience with data such as
that obtained by ERTS, The projections are made on this basis, in
accordance with the progress that can be expected in this period, For
1983, it is estimated that object plane scanning will still be the best
approach, but by 1988 it is believed that linear image surface scanning

will be developed to operatiohal status,

Coverage should be primarily for the U,.S; and adjacent areas.
However, it is anticipated that friendly nations will want coverage, e.g.,
Mexico, Brazvil, India, Australia, This information must be stored for
dumping in the U S., relay via TDRS, or direct readout into a special-

purpose ground station,

2.3.1.2 Pointable Imager

The pointable imager sensor, as described herein, uses linear »
~arrays of solid state detectors oriented across track, The swath width
is defined by the angle subtended by the length of these arrays; along-
track coverage arises from the orbital motion of the spacecraft, There
is an array for each spectral channel used, Cross track sampling is
implemented by sequential electronic interrogation of the sensors of the
array., Thus, a sensor of this type is sometimes referred to as an
electronically scanned device, It is also often called a '"push~-broom"

scanner,

The pfeamplifiers and switchihg circuits associated with the arrays
ines cé,pably take up considerable image plane space adjacent to the
detectors themselves; thus, it is currently necessary to separate the spectral
channels by dichroic mirrors, and this limits the number of channels to
about four in the current stafe of the art., The 1978 technology is déﬁned
by the performance specified by NASA /GSFC for design studies now under
way; the development of a flyable model meeting these specifications rcan

be expected for about that time,
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Future performance, in 1983 and 1988, for this sensor class, can
be estimated by assuming a desire for greater resolution and more
spectral bands, but probably no greater swath width, since the expected
use is for high resolution observation of relatively limited areas. The
ultimate resolution which can be obtained by a push-broom sensor is
limited by the radiation gathering capability of each detector, and this,
in turn, is a function of the available integration time and the speed
(f-number) of the optical system. These considerations lead to an expec-
tation of no betfer than about 5 meters ground resolution by 1988. The
number of spectral channels, and the wavelength regions covered, are
currently limited by both optical design problems and the range of sensi-
tivity of the detectors. Arrays of thousands of elements can be obtained
currently with silicon photodiodes or phototransistors, which are sensitive
only in the visible and very near infrared. Some research now under way
indicates that longer wavelengths, even into the thermal infrared, may
be detectable with long linear arrays in the next 10 to 15 years. The
most serious problem currently appears to be that of cooling long multi-
detector arrays of this kind. Charge coupled device technology, now ina
very early stage of development, may relieve some of the optical problems
of observing a larger number of channels, since they can be fabricated in
two-dimensional matrices. The projections for 1983 and 1988 are based
on the developments which can be expected in the areas mentioned with

a fair degree of confidence.

The data from this sensor will be received by direct readout for
the U.S. and adjacent areas, including Alaska and Hawaii. Stored readout
data or relay via TDRS, is a likely requirement for surveys of cooperative
countries (e.g., Brazil, India, Austiélia) and of remote areas such as
Antarctica and the Arctic. It is possible that the cooperative countries
might setup their own ground stations for direct-readout reception, using

less -sophisticated equipment.

2.3.1.3 Synthetic Aperture Radar

The potential use of synthetic aperture radar (SAR) in the obéerva--:
tion of the resources of the earth offers promising opportunities as a
valuable adjunct to high re_sblution imaging in the visual and infrared

spectral ranges, ‘As a SAR provides its own illumination, and has the
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capability of penetration of cloud cover, observations can be obtained on
the dark side of the orbit and in regions with extensive cloud cover. With
increasing payload weight and power capabilities, the use of SAR becomes
feasible. Applications of SAR are in the study of geologic features, crop
discrimination, mapping of vegetation, regional land classification, and

determination of the areal extent of sea ice.

Synthetic aperture radars have been operational in military aircraft
for several years. Althoﬁgh configuration studies have been completed
for earth observation satellite applications, development for this applica-
tion has not been initiated. A 30;meter ground resolution SAR is believed
to be feasible for 1978, with improvement to 10 meters in 1988. The main
impact of thé improvement of the resolution is on the data rate, both of
the raw data (given by Equation 2-2) and of the data processed to give
image information (for which Equation 2-1 applies). The data rates
given in the SAR characteristics table in Section 2.3.2 are for the raw
data. To achieve the resolutions listed, the ground processing will be
required to focus the synthetic aperture to compensate for the spherical
wavefront of the reflected energy along the length of the synthetic aperture,
as well as Doppler filtering to compress the data in the azimuth direction.
Although optical processing has been the oniy practical technique until

very recently, development of digital processing techniques may well

make digital processing more practical and economical by the late 1970s.

Storage devices or a TDRS will be needed for such areas as the

‘Antarctic and cooperative countries. In some cases for the cooperative

countries, it might be that these countries will set up their own ground

stations, probably less-sophisticated than U.S. ground stations. For

purposes of this study, however, the storage mode is recommended.

2.3.1.4 Passive Multifrequency Microwave Radiometer

The PMMR postulated for the 1978 period is similar to the GSFC
instrument pi’oposed'for EOS, measuring apparent or brightness tempera-
ture at 4.99, 10.69, 18.0, 21.5, and 37 GHz, for both H and V polariza-
tions. By application of suitable algorithms the ensemble of data from
the various frequencies and pol‘ar,iz-jations will be processed, on the
ground, to derive maps of surface temperature, surface‘;roughness, water

vapor, and liquid water content of the atmosphere, wa,ter-ice» boundaries‘,
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snow cover and state, and soil moisture, The spatial resolution achieved
in the maps will be related to the resolutions at each frequency, which

are inherently determined by the antenna beamwidth,

Since the antenna beamwidth is determined by the ratio of the wave~
length to the aperture size, the resolution element size varies inversely
with frequency, on the assumption that the same aperture size is used at
all frequencies, The resolutions will range from 11 km at 37 GHz to
77 km at 4,99 GHz, assuming that the antenna aperture size is two meters,
and the orbit altitude is 914 km, Those resolutions would be suitable for
meteorological purposes but even the 37 GHz value is much worse than
the resoiution desired for other purposes, such as coastal oceanography,

hydrology, etc,, where most users desire a value of 300 meters or better,

In postulating the 1983 PMMR an order of magnitude improvement
of resolution is achieved by increasing the aperture by a factor of five,
and by reducing the orbit altitude by approximately a factor of two, In
“addition, a second conical scan angle is added at the 10,69 and 18,0 GHz

frequencies to improve the surface temperature accuracy,

The resolution of the 1988 PMMR begins to approach the value
desired by the users, The aperture size would become impossibly large
if the smallest desired resolution of 30 meters were attempted, but by
reducing the altitude still further by another factor of two and again
doubling the aperture to 20 meters, a resolution of 300 meters would be
possible at 37 GHz, A deployable antenna of that size would be feasible
for Shuttle, If a larger antenna could be stowed in parts for launch, and
assembled and deployed in orbit, the resolution could be improved further,
In any case, realization of the resolutions desired depends on the develop-
ment of lightweight deployable, scanning antennas with diameters of 20

meters or greater,

Although antenna development is the major problem assqciated with
.irhproved resolution, the reduced dwell time per resolution element will
require improvement in the RF bandwidth and noise figure of the radi-

ometer receiver, in order to avoid degradation of temperature s ensitivity,

Primary use of the PMMR will be for the ﬁ. S. and adjacent waters
(including Alaska and Hawaii), However, data from the open seas,

Antarctica, and for coastal waters off friendly nations will be useful and
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must be cdnsidered. Accoyrdingly, a means is needed to bring this
information to the ground, either via a storage device for dumping over
the U.S., or by a TDRS (direct readout), or by direct readout to a

smaller ground station in a friendly country or aboard ship.

The costs shown in the table in Section 2.3.2 are based on extra-
polation of current single frequency radiometers from the Nimbus series,
and the development programs necessary to improve the spatial resolution
without degrading the temperature sensitivity. The major development

areas are identified above.

2.3.1.5 Oceanic Scanning Spectrophotometer

Specifications for two spectrometers for the measurement of ocean
color are presented as anticipated for the late 1970s and 1980s. The
mechanical scanning spectrometer, for the late 1970s, is similar to that
proposed by NASA /GSFC for EOS A, using a maximum of 20 silicon
detectors to obtain a spectral resolution of 150 Angstroms over the 0.4
to 0.7 micron spectral range. There are indications that the use of a
smaller number of channels, maybe as few as five covering the spectral
regions most sensitive to changes caused by substances of interest in
the Wate;‘ {e.g., chlorophyll and particulates), may be sufficient. Cross
track scanning will be accomplished by using a rotating mirror. Offset

pointing will be provided by a tiltable mirror ahead of the rotating mirror.

~The electronic scanning spectrometer, for the late 1970s, similar
- to the Multichannel Ocean Color Sensor (MOCS), developed by TRW
Systems for NASA /LRC under the AAFE program, uses an image
dissector tube 'with a grating spectrometer to obtain the same spectral

resolution and spectral range.

These instruments are representative of the current state of the
a.rt.; Data requirements are moderate. The main improvement in
performance postulated for the late 1980s is a 50 percent increase in the
spatial resolution and a 50 percent reduction in spectral bandwidth.
These; together with a 50 percent extension of the spectral range,
results in an order of magnitude increase in the data réte. ,H‘ov;'ever,

even with that increase, the data rate is still moderate. -
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- Cost estimates are based on extrapolations of the cost of similar
current instruments; i.e., MOCS for the electronic scanning spectro-
meter and the Bendix MZS.

2.3.1.6 Sea Surface Temperature Imaging Radiometer

A knowledge of water surface temperature and its distribution is
of significance to a number of scientific communities. Such information
is particularly useful in locating fishing grounds, in charting oceans and
lake surface currents, and in monitoring heat budget and thermal exchange
between water and the atmosphere. To establish meaningful relation-
ships as to surface currents and successful fishing probabilities, accurate
surface temperature measurements are needed. For currents, surface
temperature gradients are most important whereas for fishing operations

absolute temperatures are also required.

Anding, Kauth, and Turner have theoretically demonstrated the
feasibility of accurate sea-surface temperature measurements from space
utilizing multispectral techniques to correct for the effects of the atmos-
phere and clouds. The surface composition mapping radiometer (SCMR)
which flew on Nimbus E in 1972 approaches the problem in a different
way, with another set of three spectral bands, providing data on the

usefulness of bands at 0.8 -1.1, 8.3 ~-9,3, and 10.2 - 11.2 micrometers.

- In the late 1970s, a sensor specifically designed to measure sea
surface temperature is proposed to fly on EOS. This sensor, yet to be
developed, will make measurements in five spectral bands. Its charac-
teristics aré i:resented in a table in Section 2.3.2. As data from this
sensor is compared with theory, it is anticipated that an additional band
may be added or substituted in the mid-1980s in order to refine the
correction for atmospheric effects. The characteristics of such a sensor

are presented in the table.

By the late 1980s, the spectral bands and measurement techniques
are expected to be established and the primary interest will be to obtain
better spatial resolutioﬁn». Since sea surface temperature measurements

in the IR cannot be made through cloud cover; the continuity and coverage

" Anding, D., R, Kauth, and Turner, R., 1970 "Atmospheric Effects
on IR Multispectral Sensing of Sea Surface Temperature from Space, "
Willow Run Laboratory, U. of Michigan, Contract NAS 12-2117.
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of these measurements are reduced on a global basis. With higher
resolution the sensor will be better able to look through holes in the
clouds or between clouds and thus improve the continuity and total
coverage. It is also anticipated that global coverage will be required

in the late 1980s. The characteristics of a higher resolution sensor for
the late 1980s are presented in the table. The improved resolution and
NEAT are expected without an excessive increase in size and weight.
These will result primarily from improved detector /shield/filter cooling

techniques developed in the next 15 years.

2.3,1.7 Advanced Atmospheric Sounder and Imaging Radiometer

The Advanced Atmospheric Sounder and Imaging Radiometer
(AASIR) is an instrument intended to provide time- and space-correlated
data on atmospheric profiles, cloud distributions, and surface tempera-
tures (including those of cloud tops). The data can be used for monitoring
both global and mesoscale weather and to provide inputs for numerical
and local aréa weather forecasting. In many of the missions defined in
this study, the data will be used primarily as ancillary information for

applying corrections to the output products of other sensors.

A number of current or in-development sensors contribute to the
basis for the configurations suggested in the characteristics table in
Section 2.3,2. Among these are the Vertical Temperature Profiling
Radiometer (VTPR), now operational; the TIROS-N Operational Vertical
Sounder (TOVS), and the Advanced Very High Resolution Radiometer
(AVHRR) being built for flight on TIROS-N; and the Visible Imaging
Spin-Scan Radiometer (VISSR) on SMS. One instrument called AASIR is
currently being studied as a modification of VISSR to include temperature
and humidity profiling capabilities. This instrument is designed for use

on a geosynchronous satellite, while we have postulated a sensor intended

for a suhéa}'ﬁc}xronous orbit.

The 1978 sensor is proposed to have two microwave channels as
well as those ‘n the infrared., After about 1985 the emphasis on micro-
wave measurements will increase in order to obtain daté below cloud
cover. Therefore, several channels near the 0.5 cm oxygen absorption |

band are suggested, to be used for temperature profiling.

2-15



The data rates for this type of instrument are very low, but if the
information is to be used operationally for weather forecasting it must be

delivered within one to three hours, probably to NOAA at Suitland, Maryland,

2.3.1.8 Constant Resolution Meteorological Scanner

The specific name for this sensor is the Operational Linear Scanner
(OLS). This sensor is part of the Data Acquisition and Processing Program
(DAPP). The release of this information is in keeping with Executive
Order 1165, regarding new security and classification procedures. While
certain aspects: of the system remain classified, it can be stated that
meteorological data gathered by the system, and all specifications neces-

sary to make full use of the meteorological data, are now unclassified.

The OLS is one of several meteorologicai sensors that will be on a

spacecraft to be launched late in 1974 or early 1975. It represents a
marked improvement over the present sensor now employed on a similar
| spacecraft. The spacecraft orbits at a nominal 450 nmi altitude, in a sun-
synchronous orbit. The various features of this system combine to form
possibly the most responsive operational system of its kind. The meteoro-~
logical aspects of DAPP were designed under a total systems concept in
which not only sensors but communications and ground processing facilities
were developed with the primary objective of providing maximum respon-
siveness to the operational decision-maker, whether supported by a local-
ized tactical field weather unit, or from a centralized weather facility
(e.g., the USAF Global Weather Central).

The significant characteristics of the sensor and its associated data
processing are intended to facilitate rapid interpretation of the output
produt:i by the following features:

- @ Data appear as if the orbit were perfectly circular
Foreshortening at the edges is removed

e The nominal scale is switch selectable between 1:7.5 million
and 1:1.5 million

e For visual data, along-track var1a.t1ons m solar illumination
are compensated for (onboard).

Responsweness is provided by the sensor charac.termtlcs and the
associated data stream. Visual and IR information contain both a high

resolutmn capability for limited areas and medium resolution for global
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k coverage. The spectral bandwidth of the visual sensor was selected to
optimize distinction among clouds, ground, and water. Circuitry on=-
board the spacecraft converts the sensed IR energy directly into equiva-
lent blackbody temperature, making temperature the directly displayed

parameter.

The sensitivity of the visual channel covers several orders of magni-
tude, providing useful information from full daylight over highly reflective

scenes to an illumination level roughly equivalent to one-half full moonlight.

Cost for the next few years is projected at $2 million per total
sensor system. This per unit cost reflects costs associated with earlier
SRT, preflight models, and most importantly the fact that a number of

similar sensors have been built under the program.

2.3.1.9 Data Collection and Location System

A Data Collection and Location System (DCLS) is assumed to be a
universal component among all missions. This system will function in the
collection of data from both fixed and moving platforms. Examples of the
kinds of data that will be routed through the system are listed in Table 2-2.
The DLCS data handling problems are generally unrelated to the volume of

data because even the maximum projected volume (for SMS) is on the order
of 2,000, 000 bits per 6 hour; this volume is based on an anticipated maximum
of 10,000 remote platforms. Rather, the DCLS problems are related to such
factors as the following:

e Override of signals from other DCLS platforms when critical

levels of intensity are reached by seismic, tsunami, water
level, or pollution sensors, for example.

e Sensitivity of DCLS components to be compatible with accuracy
- requirements for locating constant-level balloons, buoys, or other
moving platforms.

e Interrogation of selected remote platforms, a problem which is
complicated by power requirements for operating receivers on
the platforms.

In v1ew of the absence of sensor equlpment on the satellite, no

, charactenstms are hsted in Section 2.3.2.

£
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Table 2-2. Representative Parameters for DL.CS :

ot < e by s ¥ ——

Parameters Types of Sensors

Water (Qualitative) e  Acidity/alkalinity (PH)

Pollutant identification
(organic, chem, biolog.)

Pollution level
Physical debris count

Sedimentation (siltation)

Dissolved oxygen

Water (Quantitative) Water depth (level)

* Flow rate (incl. min and peak)
Sluice gate status
Flow duration
Flood frcqucncy‘

Temperature

Wave height

Soil Data Moisture level

Soil tempcerature
Acidity and alkalinity (FH)

Meterological Precipitation

. Lightning strike count
Snow depth
Humidity/dew point
Air temperature

Air pollution

Wind direction
Seismic

Atmospheric pressure

Atmospheric clectricity

Buoys Salinity

Wave elevation

Current dirvection
Current velocity
Ambient noise

Depth

Tidal variation

Position (location data)
Oxygen )
Radiplogical components

Sediment level

‘e o . 6 o & 7 8 g 0 0 0 @

Temperature

Human/Animal Platforms Bluod pressure

' Body temperature
Skin resistance (galv and basal)
EKG

EEG

EMG

Imp, pneumograph
Shock (3 planes)
Accel. (3 planes)

IGINAL PAGE
F POOR QUALITY,.

e O ® @ . 0 0 0 e °

™
Ce




2.3.1.10 Dual Mode Imaging Spectroradiometer

This sensor is '}'expected to provide high resolution radiometric data
in a number of spectral bands over a restricted area in one mode, and
similar moderate resolution data over the entire visible earth in the other.
It is intended for installation on a geosynchronous satellite. The charac-
teristics of the sensor are based on the GSFC SEOS Study. The oceano-
graphic/meteorological resolution requirements will be driven by require-
ments related to understanding tornados, hurricanes, and other severe-
weather-phenomena. The timelines requirements for both ERS and O/M
will become increasingly stringent as the resolutions (spatial, temporal,
and spectral) increase, since the phenomena being observed are highly
dynamic. It is not anticipated that any significant increase in number of
spectral channels will occur, based on ERTS, Skylab, and Nimbus experi-
ence. The 1978 data shown in the table in Section 2.3.2 are essentially
those developed by NASA /GSFC in their preliminary study of a sensor for
SEOS. The t988 spatial and spectral resolutions appear beyond current
technology. The technology for this later sensor is unknown at this time,

e.g., we do not know what kind of detectors will replace HgCdTe.

2.3.1.11 Film Recovery Systems

Film recovery systems have been included in four of the missions
for which Shuttle launch/revisit is anticipated. Of the several types of
film cameras used in aerial reconnaissance, framing, panoramic, or
continuous strip, only the first is of importance for use in observations
of the earth. The,tvv;o types of film camera systems concidered for use
in future observation systems are;

a) a singleblack and white camera, usmg 5-inch film (115 x 115 mm
format), and

b) a three-camera system for multispectral recording using three
boresighted lenses with three images being recorded on a single
roll of 5-inch film,

. Film cameras of this size have been used for a number of years by the

m111tary in satelhte apphcatmns in conjunction with a recoverable film

' capsule.

,The,"advanta;‘ge of this type of sensor is the enormous information

capaé’iify‘of film in comparison to other types of sensors, with the filfn
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providing the functions of both sensing and storing of imagery. With a
realizable resolution (including the optical system) of 100 lines/mm, the
115 mm format has the capécity of storing information from 1,3 x 108

picture elements on a single frame,

Although shielding of the film is required to prevent fogging due to
low energy cosmic, radiation from the sun and radiation from the Van
Allen belts of the earth, the weight of the shielding required is within the
payload capability of future earth observation spacecraft. Although
shielding from high energy galactic cosmic readiation is not practical,
the density of this radiation is not sufficient to seriously affect performance

during a one-year mission lifetime.

One particular advantage in the use of film is the extremely h{gh ,
geometric fidelity of the film record. Wide-angle mapping lenses have
been developed for aerial photography, with a half-field angle of 46.7
degrees, using a 9 x 9 inch film format, with both radial and tangential
distortion being less than 8 microns at the extreme half-field angle.
(Kollsman Geocon IV Mapping Camera Lens). In the orbital application,
the required field angle is much smaller and the problem of optical dis-
tortion less severe. In the three-camera system to obtain multispectral
datéf. however, the requirement for precisely the same scale factor in
all three bands, requiring identical focal lengths in the th¥ee optical

systems, can represent an element of cost in system development.

The use of image motion compensation will be required in both
camera systems to prevent loss of spatial resolution, and particularly in
the three-camera system where narrowband optical filters used to obtain

spectral separation will result in an increase in exposure time.

The assumption is made for purposes of this study that film camera
systems will involve film recovery and refurbishrﬁent, with no on-board
processing or télemetry of data. Moreover, recovery assumes the use
of the Shuttle system, rather than an ejectable capsule. These systems
will not significantly impact the data handling system; accordingly, they

will not be considered further in the study.
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2.3.2 Sensor Characteristics Tables

This section consi_lstsk of Tables 2-3 through 2«12 which gives
the sensor characteristics postulated for 1978, 1983, and 1988 deploy-
ment. Characteristics are given for all sensors except the DCLS and the
Film Recovery Systems, for the reasons previously stated, Two tables
are provided for the Oceanic Scanning Spectrometer, detailing the elec-

tronic and mechanical scan versions separately.
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\% & Table 2-3. High Resolution Multispectral Point Scanners
CHARACTERISTICS 1978 1983° 1988

1. DISCIPLINE

Earth Resources

Earth Resources

Earth Resources

2. APPLICATION

Terrestrial thematic mapping (geology,
hyd r agr restr c.)

3. TEMPORAL COVERAGE

Same

Same

Approximately 20 day repeat cycle

Approximately 20 day repeat cycle

Approximately 20 day repsat cycle

4. USER'LOCATION

Central U.S. distribution point such as GS¥

; other central processing/distribution poi

8 may be available

_ ORBIT (KM)

‘Sun synchronous 386 to 1100 km circular 9

Mor 3 PM local time ascending node; assugne 920 km for definiteness

6. TYPE OF SCAN

Bidirectional objeéct plane scanning using
oscillating mirror; duty cycle 0.8

Same

Image space scanning giving a linear
scan reference to ground

7. IFOV (OEG) o 30 prad = 1.72 x 107 25 purad = 1.43 x 10> 20 prad = 1.15x 107>
. -+ Gl £21 £30 £30
9. SWATH WIDTH (KM) 185 280 370
10. SPATIAL RESOLUTION (KM) 0.03 (30 m) 0.025 0. 02
11. SPECTRUM/BW { ) 7 channels: 9 channels: 11 to 12 channels:
1 0.5t 0.6 6 in visible from 0.43 to 0. 8 Finer division in visible and maybe one
2 0.6t00.7 more IR in CA 3 to 5p regios
30,7t 0.8
4 0.8t 1.1
5 1.55to 1.75
6 2.08 to 2.35 4
7 10.4t012.6 -
12. AMPLITUDE RESOLUTION ( ) ] Bands { to 6:. Ap = 0,003 Visible and near IR: 4p = 0,002 Visible and pear IR: U.002
@, ap, aT) ‘ Band 7: AT = 0.4°K Thermal IR: AT = 0.3%K Thermal IR: 0.3°K
13. ENCODING LEVEL (BITS) 6 7 8
14, DATA RATE (MBITS/SEC) : _
a) VIDEO a) 72 a) 243 a) 700
: b) HOUSEKEEPING AND b) 0.1 b) 0.2 b) 0.3
! * CALIBRATION
beo  do._.clTOTAL. . _ €). 72.1 c) 243.2 [ & 7003




q &, UV LITWVWEL RLIVLVIIIWIN 3

(al, ap, aT)

J § =UUS 410 V.

L - Ve
Band 7: AT = 0.4°K

VABAULED allQ UCal IilN; &p = wv.
Thermal IR: AT = 0.3°K

Ve

Thermai—fi — -0?.—36_1-{

13. ENCODING LEVEL BITS) |6 7 8
14, DATA RATE (MBITS/SEC) '

a). VIDEO a) 72 a) 243 a) 700

b) HOUSEKEEPING AND b) 0.1 0.2 .

" CALIBRATION ) e b i

¢) TOTAL c) 72.1 c) 243.2 c) 700. 3

15. ORBIT DUTY CYCLE (%) 3 (1, S. only) to 15 (giobal) Same Same
16, DATA LOAD (WBITS/YR 121805 o100 3x 105t 1.5 x 107 1x10 to 5 x 100
17. COMMANDS 50 to 100 50 to 100 50 to 100
18. CALIBRATION REQUIREMENTS [ Inflight calibration once/scan; internal Same Same
© ] calibration pattern, look at space, look at
: ) : sunlit surface

19. TEMPERATURE CONTROL IR detectors cooled to CA 100°K (passive [ Same Same

[0TI0d

REQUIREMENTS radiator) thermally isolated from space-
L craft, internal active temperature control
{heaters) to 20°C + 0. 2 deg .
20. SIZE 2.1im cross-track; 0. 63m along track, 2.2mx imx {. 5m 2.3 mx {.2mx {.6m
{.11im nadir axis
21. WEIGHT (XG} 230 400 500
22. POWER (WATTS) 55 exclusive of data handling 100 200
23. COST (5°%9) 24M development; 7 M/flight article 15M/TM 20M/8M
24. ERROR SOURCES
{a) GEOMETRIC ) a) ‘e Scan variations Same Same
C e ® Spacecraft attitude and ephemeris
errors
e Local surface altitude variations
&) RADIOMETRIC})  b) e Calibration Same * Same
¥ ! e Atmospheric effects
25. 'UNIQUE DATA PROCESSING Account for 14 scan lines/mirror scan; Same Account for multiple scan Ines per
REQ_UlREMENTS alternate scan directions; varying scan - scanner sweep (CA 20) effects of earth
AR lengths; effects of earth rotation rotation
""""" 222 ,
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Table 2-4. Pointable Imagers
CHARACTERISTICS 1978 983 1988
1. DISCIPLINE Earth Resources Same Same
2. APPLICATION Zeology, Agronomy, Forestry, Coastal Same Same
3. TEMPORAL COVERAGE Every orbit for forest fires, floods, earth-
quakes within scope of off-track pointing Same Same
capability
4. USER LOCATION Central U.S, distribution point, such as GSFC; other central processing/distribution points may become available
5. ORBIT (KM} Sun synchronous, circular, 9 AMor 3 PM Jpcal time ascending node; 386 to 1100 km alt{tude; assume 715 km for definiteness
6. TYPE OF SCAN Push broom solid state array Same Same
7. IFOV (DEG) {4 prad = 8 x 107 10.5 prad = 6 x 16-% 7 prad = 4 x 10-%
8.  OFFSET POINTING (DEG) 430 deg in roll Same Same
9. SWATH WIDTH (KM) a8 : 48 48
10.” SPATIAL RESOLUTION (KM} 0.01 km (10m) 0.0075 km (7.5 m) 0. 005 km (5 m)
17, SPECTRUMABW { 1) Four channels! Five channels: Six channels:
1. 0.5t 0.6 JAdd 1.55 —1.75 Either add one thermal IR or one in
2 0.6t00.7 visible blue
3 0.7t00.8
4 0.8tot.1
12. AMPLITUDE RESOLUTION { ) | 2p = 0,003 ap - 0.002 Ap = 0.002
(al,.ap, aT) : AT = 0.49K in thermal IR
13. ENCODING LEVEL (BITS) 7 8 9
14,  DATA RATE (MBITS/SEC) :
a)- VIDEO a) 85.5 a) 125 a) 500
b} HOUSEKEEPING AND (b} 0.01 b} 0.0t b) 0.02
CALIBRATION
.c).TOJAL <) 85.5 . ey 12 , | <) s00 o




12, AMPLITUDE RESOLUTION ( ] j Ap = 0.003 Ap = 0.002 Ap = 0,002
(al, ap, aT) AT = 0. 47K in thermal IR
13, ENCODING LEVEL BITS T 8 9
14 DATA RATE (MBITS/SEC) ;
a) VIDEO a) 8%.5 a) 125 a) 500
b) HOUSEKEEPING AND b) 0.0t b) 0.01 b) 0.02
CALIBRATION '
<) TOTAL c) B5.5 c) 125 c) 500
15. ORBIT DUTY CYCLE (%) 3 (U.S. eonly) to 15 global Same Same
16. DATA LOAD (MBITS/YR} 8. 2x107 o 4. 2x 105 __ 1.Zx10% o 6 x 10° 4.7 x10% to 2.4 x 107
17, COMMANDS 750 ‘ 1) ~ED
18. CALIBRATION REQUIREMENTS [ Two or three level calibration in orbit Same Same
.| once/week
19. TEMPERATURE CONTROL 80W heat exchange from baseplate to Same Same but also thermal IR detector must
REQUIREMENTS . spacecraft at 90 + 50C; rest of sensor be cooled to ca, 100°K
internally controlled
20, SIZE (cm) . 137 .% 30 x 40 120 x 35 x 50 - 120 x 50 x 60
21. WEIGHT (KG) g 65 115
22. POWER (WATTS) 140 160 350
23. COST (§'s) i7M development; 5M recurring 10M; 5M '8M; 6M
24. ERROR SOURCES :
(a) GEOMETRIC ‘a} ‘@ Spacecraft attitude and ephemeris a) Same "a) Same
: errors . ’
¢ Local surface altitude variations
®&) RADIOMETRIC 'b) ¢ Calibration b) Same ‘b) Sdme
: . ® Dark current :
o Nonuniformity in response of
‘detectors (photodiodes or photo-
- transistors)
& Atmospheric effects
25.v UNIQUE DATA PROCESSING ‘ ® Iadiometric correction for dark Same Same
REQUIREMENTS guirent and nonuniformity of detector
responsivities; this might be done
| wuboard :
18 Correction for effects of earth Same Same
rotation
§
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5@ Table 2-5. Synthetic Aperture Radar
~ sa
;CHARACTERISIlCS V978 1983 1988 .

1. DISCIPLINE

Earth Resources

_Earth Resources

Earth Resources

2. APPLICATION

Geologica;l survey, land use monitoring,

water, ice monitoring Same Same
3. TEMPORAL COVERAGE 1/14 day Same Same
4, USER LOCATION U.S., foreign countries, Ant;rctica
: 5, ORBIT (KMJ 914 Same Same
‘ 6. TYPE OF SCAN Along track - spacecraft motion Same Same
i F Across track - range discrimination
7. IFOV (DEG) 0.25 x1.5 Same Same
8, OFFSET POINTING (DEG) 5k 60 to 75 Same Same
9. SWATHWIDTH (KM) 40 Same Same
10. SPATIAL RESOLUTION (KM) 30m 20m 10m

i 11, SPECTRUMAW [ )

X-band /10 MHz, dual polarization
L-band /10 MHz single polarization

X-band /15 MHz, dual polarization
L-band/15 MHz, dual polarization

X-band/30 MHz, dual polarization
L-band 30 MHz, dual polarization

12, AMPLITUDE RESOLUTION{ J | o = -204dB Same Same
(al, ap, aT) °

13, ENCODING LEVEL (BITS) . 4 plus sign Same Same
T4. DATA RATE (MBITS/SECT
a} VIDEO 240 360 720
| b) HOUSEKEEPING AND 5 bit encoding 5 bit encoding 5 bit encoding
3 CALIBRATION ,
A | < TOTAL. . L




e

REQUIREMENTS

on electronics! :

{14 AMPLITUDE RESOLUTION Y, 3 1 g = -20dB “Same S BRPAB o e e I T e e e
(All Ap, AT) ©
13. ENCODING LEVEL (NTS) " 4 plus sign Same . ~ Same
14, DATA RATE (MBITS/SECY :
a) VIDEO e 240 360 720
b) HOUSEKEEPING. AND 5 bit encoding 5 bit encoding | 5 bit encoding
CALIBRATION !
¢} TOTAL ’
15. ORBIT DUTY CYCLE (%) 10 Same Same
16.” DATA TOAD (MBTTS/VE] 3 x10'? 4.5 x 1012 9 x101%
18. CALIﬁRrATIONvafNTS Receiver sensitivity Same Same
. . Transmitter power «=
: - Ground control area checks
19. TEMPERATUR NTR Usual spacecraft temperature specs Same Same

20. SIZE

Antenna - 21/2 x 1 x 27 £t
Electronics - 4 cubic ft

Antenna Same
Electronics 4, 5 cubic ft

Antenna Same

Electronics 5 cubic ft

72.. POWER (WATTS) " 1.5 kw operati 2. 1 kw operating, 3. 7 kw operati
Lo0w sobiiiy 28 00w a8 100W standby &
237 COST §°S) 16M f2Mm 15M -

24, ERROR SOURCES

(o) GEOMETRIC

Spacecraft‘ attitude
Earth rotation effects
Slant range distortion

Spacecraft attitude

Spacecraft attitude

:
N

&)} RADIOMETRIC N/A N/A N/A
25. UNIQUE DATA PROCESSING Azimuth data processing required to Same Same
REQUIREMENTS achieve azimuth resolution. . Com-
pensation for earth rotation and
geometric effects.
&
o
=
| o 2-24
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Table 2-6. Passive Multichannel Microwave Radiometer
i N
& " ~ e
CHARACTERISTICS - 1978 1983 1988
1. DISCIPLINE Oceanography/Meteorology Coastal Oceanography, Met, Coastal Oceanography, Met,
2. APPLICATION ea Surface Temp. & Roughness, Sea ice
: Water Vapor & Liquid Water in Tropsphere Same Same
3. TEMPORAL COVERAGE -
: very Orbit Same Same
4. USER LOCATION JU.S. & Foreign User, possibly ships at
Sea : Same Same
6, TYPE OF SCAN Conical = 40° from Nadir, All Freq. Conical =40° from Nad?r, All Freq. Conical ~40° from Nadir, All Freq.
‘ =60 from Nadir, 2 freq. (10. IGH: 60° from Nadir, All Freq.
7. IFOV (DEG) 2m Anténna —— 10 m Antenna —— 20 m Antenna
| 8. OFFSET POINTING (DEG)
9. SWATH WIDTH {KM) 350
10. SPAT!AL RESOLUTION (KM}
: _ 1 '
11, SPECTRUMBW ] 4.99 GHz 0.3 GHz 2740 77 4.99 GHz 0.6 GHz 075 8.5 4,99 GHz 0.6 GHz 0725 2.1
10. 7 1.12 36 10,7 0,22 4,0 10.7 0. 11 0,98
19.0 0.67 22 18.0 0.14 2.4 18.0 0. 07 0.59
21.5 0.56 18 21,5 0.11 2.0 21,5 0. 055 0. 49
37.0 Q. 32 11 37.0 0. 97 1.2 37.0 0.035 0.28
. JAll Frequency Dual Polarization All Frequency Dual Polarization All Frequency Dual Polarization
R . L]
12. AMPLITUDE RESOLUTION {3 | , _ N o o
(al, ap, aT) : AEN/A, 8p-N/A, AT = 0.5°K AI-N/A,Bp-N/A, AT <0.5°K AI-N/A, Ap-N/A, AT <0.5%K
13, ENCODING LEVEL (BIT3) . 9 s
T4. DATA RATE (MBIT5/SEC)
; 0.0070 at 37 GHz 0.70 at 37 GHz 10.8 at 37 GHz
a) VIDEO 0.0023 at 21.5 GHz 0.23 at 21.5 GHz 3.5 at 21,5 GHz
' ) . ] .1 18. 0 GH: 2.7 at 18,0 GH
b) HOUSEKEEPING AND 0.0002 at.13.3 OF = _ O 0.9 at 10.7 GHa
CALIBRATION - 4. 99 GHz Negligible e 4.99 GHz (Negligible) _0.2 at 4.99 GHz
| &) TOTAL L‘I’otal 0.0095 Total 1,19 Total  18.1

Py,




&

§J & AT REIVUVE RBIWVRVIININY |

(al, ap, aT)

Y

AFN/A, Ap-N/A, AT = 0.5°K

AI-N/A, Ap-N/A, AT <0.5%K

AI-N/A, Ap-N/A, AT <0.5%

13. ENCODING LEVEL BITS)

9 9. 19
14, DATA RATE (MBITS/SEC) ’
o) VIDEO 0.0070 at 37 GHz 0.70 at 37 GHz 10. 8 at 37 GHz
g. 8022 at i;.g gHz 0.23 at 21.5 GHz 3.5 at 21.5 GHz
b) HOUSEKEEPING AND « 0002 at 18, Hz 0.17 at 18.0 GHz 2.7 at 18,0 GHz
) - 10.7 GHz < C.09 at 10.7 GHz 0.9 at 10. 7 GHz
CALIBRATION ; 5 4.99 GHz Nesligible - 4,99 GHz (Negligible) | _0.2at 4.99 GHz
¢) TOTAL Total ~ 0.0095 Total . 1.19 ‘Total  18.1
15. ORBIT DUTY CYC!.E (%) ; 5 65 65
. DATATOAD (MBITS/
16 115/YR) 1.44 x 104 4,3 x 105 7 x 106
7. COMMANDS i
On-Off, Data On-Off Same Same
18. CALIBRATION REQUIREMENTS [ o @ e Loads - High Temp =400°K ame e
5 Reference Loads - Cold Temp = 3°K
19. TEMPERATURE CONTROL ] o.
REQUIREMENTS High Temp. loads Controlled +0.1°K Same Same
: Cold Loads must View Deep Space Only ,
20. SIZE Antenna b x B ft, - Offset Parabola Antenna 30 x 60 ft. - Phased Array Antenna 60 x 120 it. - Phased Array
: Electronics 1 x-1.5 x 1.5 ft. Electronics 1.5x 1.5x 1.5 Electronics 2x 1.5 x 1.5
21. WEIGHT (KG) Antenna 9,1 Antenna 227 Antenna 910
Electronics 22,7 Electronics 27.2 Electronics 45.4
2Z. POWER (WATTYS) 150 1.6 KW 3.1 KW
23. COST (§%9) 5M 15M 20M
24. ERROR SOURCES
(o) GEOMETRIC Spacecraft Attitude Variations Same Same
: Scanning Variations
(&) RADIOMETRIC Calibration
Atmospheric Same Same
Side Lobes
25, ;JEPJQ'&"‘REE&AJTASFROCE“',NG version of Data to Separate effects of Same Same
o emperature, Roughness, Emissivity,
iquid Water and Water Vzpor in
tmosphere, and Sea Ice Coverage.
onversion of Conical Scan to
ectangular Grid‘.‘ or Desired Projection.
2=-25
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? o Table 2-7. Oceanic Scanning Spectrophotometer
s & (Electronic Scan)
S~ o~ )
9]
CHARACTERISTICS 1978 1983 1988
1. DISCIPLINE i oce;msraphy . Ocunogrl.phy Oceamgrlphy
Z. APPLICATION i Chloropyll content: pollution Same Same
3. TEMPORAL COVERAGE Variable: 1 to 20 days Same Same
4. USER LOCATION Local coastal and intercontinental water, | Same Same
o . ocean survey, ships at sea
5. ORBIT (KM] 914 Same Same
6. TYPE OF SCAN Gross track: electronic scan Same Same
7. IFOV (DEG) 0.1 Same 0.05
| 8 OFFSET PO ”.“ G {EEG), 45 Same Same
. SWATH WIDTH (KM) 900 Same Same
10. SPATIAL RESOLUTION (KM} Vz_ Same 1

1. SPECTRUMAW [

0.4 to 0. 7u/150 Angstrom

0.4 to 0.85,/75 Angetrom

20 bands 60 bands

12. AMPLITUDE RESOLUTION { )

(al, ap, aT)
3. ENCODING LEVEL (BIT5) 8 10
14, DATA RATE [MBITS/SEC)

o} VIDEO 0.8 9.6

b) HOUSEKEEPING AND 0.3 3,6

CALIBRATION
¢} TOTAL 1.1 13,2




'! | 12. AMPLITUDE RESOLUTION () |
(al, ap, aT)

13. ENCODING LEVEL BITS) : 10
‘ 14. DATA RATE (MBITS/SEC)
a) ‘VIDEO 0.8 9.6
b) HOUSEKEEPING AND 0.3 3.6
CALIBRATION *
c) TOTAL 1.1 13.2
15. ORBIT DUTY CYCLE (%) 65 65
6. DATA LOAD (MBITS/YR -
4k 2.6 x 107 3.2x 1010
3 18, CALIBRATION REQUIREMENTS Calibration source in sensor and/or sola
~ . . input . Same
' (e ;EEAéPSI.:éMIUE EISTCSONTROL +20°C readout photocathode temperature Same
70, SIZE T 20x20x8 Same
21. WEIGHT (KG) 15 25
722, POWER (WATTST 15 25
23, COST (%) Y, 1M 5M
24, ERROR 50OURCES
() GEOMETRIC Spacecraft attitude Same
Earth rotation
Scan distortion
(6} RADIOMETRIC Calibration Same
' . ' Sun angle
Atmospheric scattering
75, UNIQUE DATA PROCESSING | Radiometric corrections for shading,
REQUIREMENTS. ... . .sun angle, scan angle Same
. Geomnetric corrections for spacecraft
attitude, scan angle, offset angle
f §
‘ /U L 2-26
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Table 2-8. Oceanic Scanning Spectrophotometer, .
(Mechanical Scan)
L\
CHARACTERISTICS 1978 1983 1988
1. DISCIPLINE Oceanography Oceanography Oceanography
2. APPLICATION Chloropyll content - poliution upwelling - | Same Same
-OCHAD currects

3. TEMPORAL COVERAGE

4, USER LOCATION

5. ORBIT (KM) 914

6. TYPE OF SCAN Cross track line scan (mechanical)

7. IFOV (KM) 0.1 0.05

8. OFFSET POINTING (DEG) 45 45

9. SWATH WISTH (KM) 900 900
10. SPATIAL RESOLUTION (KM) 2 1

11. SPECTRUMAW [ )

0. 4 to 0. 7p./150 Angstrom

0.4 to 0.85u/75 Angstrom

T P L

20 bands 60 bands
12, AMPLITUDE RESOLUTION (. )
(al, ap, aT)
13. ENCODING LEVEL (8IT3) 3 0
T4. DATA RATE (MBITS/SEC]
o) VIDEO 0.8 9.6
b) HOUSEKEEPING AND 0.3 (buffered) 3. 6 (buifered)
CALIBRATION:
c} TOTAL




1 (Al ap, AT)

T e r—

13. ENCODING LEVEL [BITS)

g e o ey

REQUIREMENTS

polarization, sun angle, scan angle

Geometric corrections for scan angle,
spacecraft attitude, offset angle

-8 10
4. DATA RATE (MBITS/SEC) ;
a) VIDEO 0.8 9.6
'b) HOUSEKEEPING AND 0. 3 (buffercd) 3. 6 (buffered)
- CALIBRATION
c) TOTAL
15, ORBIT DUTY CYCLE (%) 65 65
1. 2.6 x 107 3.2x10%0
18, CALIBRATION REQUIREMENTS
|19 TEMPERATURE CONTROL oy : Sam
REQUIREMENTS etector cooling ame
20. SIZE (Inches) 26 x 17 x 9 30 x 24 x 12
21. WEIGHT (KG) 27 15
7. POWER (WATTSY 25 75
23, COST (§5°S) M 1M 8M |
24. ERROR SOURCES
(o) GEOMETRIC Spacecraft attitude Same
Earth rotation
Scan distortion
) RADIOMETRIC Calibration
Sun ;pgle
) Atmospheric scattering
Polarization
25. UNIQUE DATA PROCESSING Radiometric corrections for shading,

Same -

Note: One or more IR channels may be incorporated.’
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e g Table 2-9. Sea Surface Temperature Imaging Radiometer
CHARACTERISTICS 1978 1983 1988
1. DISCIPLINE Oceanography and Meteorology Same Same
2, APPLICATION Sea surface temperature, cloud cover Same Same
; survey, radiation budget over ocean
3. TEMPORAL COVERAGE Daily Same Same
4. USER LOCATION Coastal; ships at sea Same San;e
5.7 ORBIT (KM} 1000 Same Same
6. TYPE OF SCAN Cross track line scan Same Same
: + 51 deg from Nadir
7. IFOV (DEG) . 0.11 x 0. 11 (2 x 10> rad) Same 0. 028 x 0. 028
(B OFRETFOINTING FG) | —---- B .
9. SWATH WIDTH (KM) 2870 Same Same
10.  SPATIAL RESOLUTION {KM) 2x2 Same 0,5x0,5
11, SPECTRUM/BW {um) 0.2 to 4.0 cloud tag (day); Rad, budget Add one spectial band Same
) 3.6 to 4. 1 cloud tag (night) (4.7 to 5. 2p)
6.5 to 7.0 HyO absorption
8.9 to 9. 4 H20 continuum
10.5 to 11. 5 sea surface temperature
. A
12. AMPLITUDE RESOLUTION (°x 0. 15 0.1 <0.1
: (al + AP _AT) ‘
13. ENCODING LEVEL (BITS). 10 Same Same
14, DATA RATE (MBITS/SEC)
. a) VIDEO 0. 3 (buffered) 0. 36 (buffered) 5.5 (buffered)
b) HOUSEKEEPING AND Negligible Same Same
CALIBRATION o
I .y rATal | P T b R i blevad) BB Iimiffarad).. .




AMPLITUDE RESOLUTION Pk

<0.1

0. 15
(al, Ap, AT)
13. ENCODING LEVEL @BITS) 10 Same Same

| 14. " DATARATE (MBITS/SEC)

o

B P T PP T S L TS L T T T T R L T L T

a) VIDEO 0. 3 (buffered) 0. 36 (buffered) 5.5 (buffered)
b) -HOUSEKEEPING AND Negligible Same Same
CALIBRATION .
¢) TOTAL 0. 3 (buffered) 0. 36 (buffered) 5.5 (buffered)
15. ORBIT DUTY CYCLE (%) 60 (oceans and U.S.) Same 90 (global)
| 76" DATA TOAD (MBITS/YR] 6.25 x 10° 7.5 x 10° 1.9x10°
] 17. COMMANDS Cooler on/off Same Same
i Calibration source on/off
Sensor on/off
18.” CALIBRATION REQUIREMENTS Calibration source located in housing of Same Same
sensor; look at space for 0°K reference
19. TEMPERATURE CONTROL Radiafive or VM cooling of IR detectors | Same Same
REQUIREMENTS (HgCdTe) to ~ 90°K
20. SIZE (Inches) 8 x 8 x 30 8'x8 x 32 TTx 1T x32 -
21. WEIGHT (KG) 25 30 " 45
22 POWER (WATTS} 33 35 45
23. COST (S} 2.5M 1. 0M M
24. ERROR SOURCES '
{0) GEOMETRIC Spacecraft attitude - Same Same
Variable resolution
(b} RADIOMETRIC Calibration
Cloud interfererice
Atmospheric turbidity ’
25. UNIQUE DATA PROCESSING Correlation of data from five channels Same Same
. REQUIREMENTS to determine temperature
- Calibration data
¥
ote: 20 to 23 assume radiative cooler
2«28




Table 2-10. Advanced Atmospheric Sounder and Imaging Radiometer
CHARACTERISTICS 1978 1983 1988
1. DISCIPLINE Meteorology Meteorology Mgteorology

2. APPLICATION

Temperature profiles and radiation maps for numerical models and forilocal area forecasts.

3. TEMPORAL COVERAGE

Observe continuously along orbit. Day
and night coverage

and night coverage

Observe continuously along orbit. Day

- Observe continuously along orbit.

Day
and night coverage

4. USER LOCATION Worldwide, stored data to NOAA, Same Same
Suitland, Maryland. Direct readouts to
local users worldwide
5. ORBIT (KM) 1440, sun synchronous; 0900 equator Same Same
crossing
&. TYPE OF SCAN +40 deg, cross-track, samples 400 km Same Same
apart
7. IFOV (DEG) 0.05 to 0.5 Same Same
T‘GFFSETPUNTNG“{DEG) None None None
9. SWATH WIDTH (KM) N/A N/A N/A
10. SPATIAL RESOLUTION (KM} 50 to 400 Km between soundings Same Same
1V, SPECTRUM/BW { w ) 21 bands: Same Same except microwave 10 chatuls
8 channels in 15 band near 60 Ghz
4 channels in 4.3
1 channel at 9.6
1 chammel at 11, 1
2 channels in 3. 8
3 channels in 18 to 39
. 2gchannels in microwave
12, AMPLITUDE RESOLUTION { ) £ 1%
A (A'rAP/ aT)
13. ENCODING LEVEL BI15) 8 to 10 8 to 10 10
74, DATA RATE (MBITS/SEC)
o) VIDEO
N b) HOUSEKEEPING AND
: CALIBRATION -
B ik TOTA 20.bits/sec | 20 bite/fesec—- . ... . 5 "1 100 bits/sec

]




_&elnannels in microwave

E - [12, AMPLITUDE RESOLUTION (T | = 1°k
| (&l ap, A7)
{ |37 ENCODING TEVEL @ITs) 8 to 10 8 to 10 o
F - | V4T DATA RATE [MBITS/SEC)
[ o) VIDEO ‘
o b)" HOUSEKEEPING AND
§ CALIBRATION
¢) TOTAL 20 bits /sec 20 bits/sec 100 bits/sec
15. ORBIT DUTY CYCLE (%) 100 100 100
16, DATATOAD (MBITS/YR) 620 620 620
7. COMMANDS
18. CALIBRATION REQUIREMENTS 1/scan Same Same
19. TEMPERATURE CONTROL Detectors maintained at 80 to 100°K Same N/A
REQUIREMENTS .
; 20, SIZE (£t°) 1.3 Same Same
!‘ 21. WEIGHT (KG) 44 Same Same
Z2. POWER (WATTS] 63 63 63
23. COST (§'s) 25M 5M 20M
= 24, ERROR SOURCES
L
: ' {a) GEOMETRIC No significant errors
®&) RADIOMETRIC Calibration, detector NEP, atmospheric
- o absorption coefficients
} 25, UNIGUE bATA PROCESSING Inversion of radiometric data; detection
F : REQUIREMENTS to account for effects of clouds
S
#z
R N 1=
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\’ a 'g Table 2-14. Constant Resolution Meteorological Scanner

; e

- S
CHARACTERISTICS 1978 1983 1988

1. DISCIPLINE

eteorology

Meteorology and Earth Resources

Earth Observations

2. APPLICATION

/Nite, Con-~ :

lobal Cloud Cover Imageryg)a te, &
ear Re

tant Resolution, Real Time

3.. TEMPORAL COVERAGE

TIm ;
/Day; Global

No Change for Meteorology; Temporal
Coverage Dependent on Orbital
Characteristics

Expansion of 1978 to Include Other Dllc'itplines. Real Time Input
tg?égmmmmmmuaum DRS

Same as 1983

4, USER LOCATION

cal Area ¥ Regional Direct Readout
Stations; Central Station in U.S. For Receip
pf Stored Data for Direct Input to Computer

Same; Expansion of Direct User Locations

Same as 1983

5 ORBIT (KM

8351 KM (Sun-Synchronous) Same Same
6. TYPE OF SCAN Continuous Cross-Track +27. 5° Same Same
7. IFOV (DEG) Nadir = 0.038° Same Same
g, OFFSET POINTING (D, EG) Nadir Pointing Same Same
5. SWATH WIDTH (KM) 3060 Sarme Same

10, SPATIAL RESOLUTION (KM)

0.6 KM High Resolution Mode
3 KM Low Resolution Mode

No Change for Meteorology
Earth Resources May require 10x Better

Same for ﬁmeorology; Some Earth
Observations May Require 10-20x Better

17, SPECTRUMBW ()

Visible 0.4-1,1lpm Same Same
IR 8 - 13 ym
2 Channels
12. AMPLITUDE RESOLUTION { ) Jvisible A p=0.02 Same Same
(al, ap, aT) B IR - AT=0.4°
13. ENCODING LEVEL BITS) L Same Same
4. DATA RATE (MBITS/SEC)
. o) VIDEO -
b) HOUSEKEEPING AND -
CALIBRATION
: ¢) TOTAL 1 MB/Sec in High Resolution Mode No Change for Meteorology; Higher Data Same as 1983
e : /Highpr Resal
1€ PADRIT DMITNV . ONOIE A0 . o By v rmr potn & . She ohs x Sar. . o . e somi Same for Meteorology: Very Much Less | R




Resources Applications

1Z. AMPLITUDE RESOLUTION (] [visible a p=0. 02 Same Same
(at, ap, aT) IR AT=0.4°
13, ENCODING LEVEL (BITS) 113 Same Same
14. DATA RATE (MBITS/SEC)
o) VIDEO -
b) HOUSEKEEPING AND -
CALIBRATION . .
¢) TOTAL P1 MB/Sec in High Resolution Mode No Change for Meteorology; Higher Data Same as 1983
K . IHighpt Resol
. ORBIT.D LE <ok : . Same for Meteorology; Very Much Less
15,7 ORBIT ,‘UTY CYCLE (%) 100% (IR & Visible) High Resolution (TBD) for Earth Resources ' Same as 1983
(76, DATA LOAD (MBITS/YR) . :;15 x10° Same for Meteorology. TBD for Earth Same as 1983

‘ ];;' CUNF;EIHDS P200 Possible, Including Change of TBD TBD
: llumination Models Used Onboard
18. CALIBRATION REQUIREMENTS —
[None OnBoard Same Same
i 19, TEMPERATURE CONTROL 5
~ REQUIREMENTS +1C Same Same
20. SIZE , No Information Available ‘ TBD TBD
21, WEIGHT (KG} 91KG; Includes All Electronics, 3 Tape TBD TBD
. Recorders, etc. (Total System)
22. POWER (WATTS) ~70 Watts (Total System Operating) TBD TBD
23. COST §'S) .$2 Million } TBD TBD
24. ERROR SOURCES
{a) GEOMETRIC <1 Resolution Element ]1<<1 Resolution Element for Meteorology Same as 1983
s (b} RADIOMETRIC <5% RSS Same as 1978 Same as 1978
4 |
25. UNIQUE DATA PROCESSING  JAchievement of High Resolution Data Base ] Solution tc Most of Ambiguities Arising Same as 1983

REQUIREMENTS

or Operational Decision Making; High Res.
Data Provided In Terms of Scene Radiance;
Data Processed Onboard for Direct Real-

oaI04

Time Readout to Local Ground Stations;
Stored Data Readout to CDA Stations for M
elay to Central Data Processing Facility
Where it is Automatically Incorporated
irectly into Computer Programs, Data
ighly Perishable, Used for Operational
ery Short-Term (<6-Hours) Forecasts, On
Board Processing Incorporates Stored
phemeris Data, Models of Scene Radiance
s {f) of Angle From Nadir, Allowing Gain

From Differentiating Real Cloud Data
From Ice, Snow Cover, Low-Clouds, Fog,
Freshly Fallen Snow, etc.

o Be Automatically Adjusted in 1/8dB stepd

2=30
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Table 2-12,

Dual-Mode Imaging Spectrometer

f

{
£
b
i

|

o VIDEO
b) HOUSEKEEPING AND

0.1

—

CHARACTERISTICS 1978 1983 1988
1. DISCIPLINE .
Meteorology and Earth Resources Meteorology and Earth Resources Meteorology Farth Resources
2, APPLICATION Hurricanes, severe storms, floods, Same Tornado watch 0il spills, floods,
. oil spijlls i earthquakes, fires
3. TEMPORAL COVERAGE 1 observation/ 10 minutes (Mode 1} Same 1 observation/ - 1 observation/
_ minute 30 minutes
4. USER LOCATION U. 5., South America, Same Kansas City Sioux Falls
adjacent oceans {(Goddard CDAS)
5. ORBIT (KMJ ‘G'eoatatio'na.ry, 100° W longitude Same Same Same
6. TYPE OF SCAN In/from the image plane
7. ,IFT)-‘VW(DEG) - Variable by channel
8. OFFSET POINTING (OkG) » Probably by spacecraft slewing EX) +8 =38 -
9. SWATH WIDTH (KM) 200 x 1000 (high-resolution mode) Meteorology: 1000 km® 1000 kem>/100 k> | 1000 ken=/50 &m
‘ i R Earth Reaources: 100 km —_ e e
10. SPATIAL RESOLUTION (KM} Mode { = 200 m; Mode 2. = 0.5 to 1.5 km] Meteorology: 100 m 300m/100m 100m /5m
) Earth Resources, 50 m
1. SPECTRUMAW { 5 ) 0.4 to 12.5 In 7 banda: Same RS TEE T —
0.5t0 0.7; 0,1 Km IFOV; 2000 element 4 'to S5k 0,6 to 0.7
0,8t01.2; 0,1 Km IFOV; 2000 element 6 to 78 0.7 to 0. 84
10.5ta12,5; 1.5 Km IFOV, 3 detectors 0.5to0 0.7 0.9to 1,04
6.3t06.7: 4.5 K IFOV, 1 detector B 10.5 to 12. 54
3,4to4,1; 1,5 KmIFOV, 3 detectors
0,8to01,2; 0,5 Km IFOV, ' 9 detectors
0,4t00,8 1.5Km IFOV 12 detectors
12, AMPLITUDE RESOLUTION () 0.4 to 1. 24p: Ap:0.0¢; Same Same Same
- (ak, ap, aT) 3.4 to 12. s}p AT=0. 4°K
13, ENCODING LEVEL (B1T5) S
T4, DATA RATE (MBITS/SEC) 0. 5 {high- resolution mode) 5.93 2.22 average rate if
highest rate picture exposure

and data rate are
continuous over the
30 minute period i
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0.4t00,8; 1,5 KmIFQV, 12 detectors

12, AMPLITUDE RESOLUTION () 0,4 to {, 24y Ap=0, 01; Same Same Same
o (abapeaT) 3.4 10 12, 5 AT=0.4%K
13, ENCODING LEVEL BITS) 5 -
T { 14. . DATA RATE (MBITS/5EC] 1 0.5 (high-resclution mode) ' ) 5.93 2. 22 average rate if
. | o) VIDEO highest rate picture exposure
and data rate are

continuous over the

b) HOUSEKEEPING AND . 0.1 E e
CALIBRATION 30 minute period

c) TOTAL ,

15. ORBIT DUTY CYCLE (%) 25 {day only and only 50% of the daylight = 100 except for

25%/yeay) visible

16, DATALOAD [MBITS/YR) 4.2 x 10° 1.87 x 10° 7 x10°

17, COMMANDS Minimal: no constraints Same Same

18. CALIBRATION REQUIREMENTS 1/10 minutes ; Same Same

19. TEMPERATURE C.ONTROL Detectors must be cooled to 80 K. Same Unknown Unknown
REQUIREMENTS .

20.  SIZE- (M) - ' 1.5 aperturé ; 1.5m Unknown Unknown

] 21.. WEIGHT (KG}) 1000 Same Unknown Unknown
22, POWER (WATTS] 100 to 125 ; Same Unknown Unknown

237 Cost o)
24. ERROR SOURCES

- i (c) GEOMETRIC Slant range distortions Same Same
e Parallax .
Spacecraft attitude and rates

Ephemeris

() RADIOMETRIC Sun angle ;
: Atmospheric transmission
Detector variation
Digital quantization
- Gamma. of output reproducer
e Cooler variations (scene-to-~scene)
.25, ‘UN'QLE DATA PROCESSING Frame=toeframe location determination
REQUIREMENTS is critical, Also, registration of the
. various spectral-band FOV's must be
very precise, For tornado watch,
minimum time delay is required for

issuance of warnings to the general
public,




3. MISSION MODEL DEVELOPMENT

The purpose of this task is to develop a set of mission models and
scnedules by discipline and by operational or research assignment in
accord with NASA Program Plan. For each defined mission, data uses/
requirements, sensor use profiles, and mission descriptions (including

compatibility with spacecraft weight, size and power) are given.

3.1 Candidate Data Uses/Requirements

As an aid to establishing the use profiles for each sensor and to
assist in identifying data handling requirements and constraints, a list
of specific data uses are presented here, For each candidate use,
the specific measurements and their required frequency and measurement
accuracy are identified. In addition, geographic regions for which such
measurements are applicable and the perishability of the resulting data
are established., Finally, likely destination(s) of data for each use are

identified and a summary of this information presented.

3.1.1 User Community Requirements

The data available from ocean survey, meteorology, and other
types of sensor measurements can be employed by the user community
to describe essential features of the earth's ground, ocean, and atmos-
pheric characteristics. The relationship of these data types to data uses
is shown in Table 3-1, In order to best determine user community
requirements, it was necessary to survey the field in each of the earth
resources categories and evaluate the parameters required by each.
These parameters are described below and summarized in the tables
which follow. The information was extracted largely from recently
completed or current studies addre'ssing existing and projected ne=ds of
the earth resources data user community. Most useful in this regard
were the following documents:

1) "Coastal Zone Requirements for EOS A/B, Final Report, "

prepared under Contract No, NAS1-10280 by TRW Systems
Group, for NASA Langley Research Center, 4 February 1971,

~2) "Advanced Study of Global Oceanographic Requirements for
EOS A/B, Final Report,' prepared under Contract No,
NASW-2163 by TRW Systems Group for NASA /Headquarters,
January 1972, ‘ .

3-1




3)

4)

5)

"A Study of Mission Requirements for an Earth Observation
Satellite Emphasizing Meteorology, Final Report,' prepared
by TRW Systems Group for NASA /Headquarters, January 1972.

"Design Requirements for Operational Earth Resources Ground
Data Processing,' Mid-Term and Final Reports, prepared by
TRW Earth Resources Technology Office, Houston Operations,
for NASA Manned Spacecraft Center, 15 September 1972,

'Study to Evaluate the Economic, Environmental, and Social
Costs and Benefits of Future Earth Resources Survey Satellite
Systems, "' study in progress by Earth Satellite Corporation
for U,S. Department of Interior Office of Economic Analysis,
First and Second Quarterly Progress Reports, February-April
1973 and May-July 1973,

Table 3-1. ERS Data Use Categories

TN o
S X ;:105’” (‘? S 2\20
GO [fu e T~ S5/ /&S5
§ [ 9 [S2h gk S/E (56
SR ol N I
DATA USE S [ & [<ofoS%555)/cS[53)F =
SHOAL & COASTAL MAPPING X X X:
SEA SURFACE CURRENTS X
SEA SURFACE COMPOSITION X
SEA SURFACE TEMPERATURES X X
SEA SURFACE ROUGHNESS X X
SEA SURFACE PHASE (SOLID VS LIQUID) X X
CLOUD COVER X X
PRECIPITATION X x | X X X
OCEANIC RADIATION BUDGET X X
EARTH RADIATION BUDGET X
CLOUD PHYSICS X X
UPPER ATMOSPHERIC TEMPERATURE X :
UPPER ATMOSPHERIC COMPOSITION X ?
SNOW/ICE SURVEY x | x x| x X
SOIL MOISTURE x | x x | x X
TERRAIN MAPPING x |x | x
EARTH SURFACE COMPOSITION X X
SEA SURFACE POLLUTION X X
ATMOSPHERIC POLLUTION x | x X X
V/ATER QUALITY x | x
SURFACE WATER MAPPING X I x X
SEVERE STORN. WARNING X x| x X
oA




A i

~ In order to summarize the data requirements of the users, the

information is presented in tabular form (Table 3-2). The parametric
requirements of these data are depicted in Tables 3-3 to 3-11. An

explanation of the various terms and data that are used are given below.

Data Use, These categories, taken collectively, are intended to compre-
hensively cover the range of uses anticipated for remotely-sensed earth
resources data for the 1978-88 time frame,

Specific Measurements /Observables, Measurements and/or observables
are listed which characterize each category of data use and indicate critical
parameters which are amenable to orbital remote sensing,

Data Destination, Listed in this column are the probable primary destin-
ations for earth resources data deriving from satellites operating during
the period from 1978 to 1988, These agencies are primary destinations
in that they are likely to receive data directly either from

1) the spacecraft (via telemetry link), or from

2) a central ERS data handling system (via telephone link,
telemetry, hard copy mail, facsimile transmission, etc.}.

. No attempt was made to list all ultimate data destinations such as univer-
S sity scientists and private users: the assumption was made that this
community of users would receive fully--or partially--processed data
secondarily from the government agencies serving as primary receivers,

The status of these agencies as potential primary ERS data receivers
was deduced through analysis of their charters as enumerated in the
Federal Government Organization Manual (1973«1974) and through
consideration of government agency objectives with respect to partici-
pation in the experimental Earth Resources Survey Program as enumer-
ated in the NASA Office of Applications Earth Resources Program Plan
draft (June? 1973),

Agencies corresponding to the abbreviations used in Table 3-12, in alpha-
betical order, follow, An organizational breakdown is provided in
Table 3-13,

It was not deemed to be within the scope of the present study to examine
possible data destinations represented by foreign governments, The focus
throughout the study shall be maintained upon remote sensing of domestic
terrestrial resources (United States and territories) and global phenomena
insofar as they impact the national interest, It is likely that several
foreign governments may seek involvement in NASA's earth resources
remote sensing programs in the near future, Data management implica-
tions for foreign interests might be estimated in much the same manner

as is done in the present study--through consideration of data require-
ments and examination of data processing and transfer alternatives,
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Table 3-2,

Data Use Requirements Summary

REQUIRED REQUIRED ADDITIONAL DATA] ¢
SPECIFIC FREQUENCY Of MEASUREMENT FIRST PRIORITY DESIRED YO AID
MEASUREMENTS; DATA OBSERVATION RANGE OF SENSITIVITY & GEOGRAPHIC DATA ACCURATE FORMAT
DATA USE OBSERVABLES DESTINATIONS (DAYS) MAGNITUDES RESOLUTION COVERAGE PERISHABILITY ] INTERMETATION | REQMTS.
SHOAL &  VISIBLE REFLECTANCE  DOC. NOAA(NOS, 30-180 PERMANENT DIMEN- +im {DEPTH) COASTAL U,S. 1 YEAR WATER CLARITY; oL
ICOASTAL = FROM 8OTTOM (FOR NESC, EDS) SIONAL CHANGES T4 e o pec & TERRITORIES ACTUAL DEPTH; ACR
IMAPPING  DEPTH AND COMPOSI- * DOT, USCG OF UP TO HUNDREDS REd. OTHERS, SAME AS  SM
TION); SHORELINE DOI, USGS,BLM, R OF METERS PER YEAR. Ap= 0,004 FOR SEA SURFACE  GRSM
MORPHOLOGY; ARTI-  EPA 3000 “DOUBTFUL COMPOSITION ™M
FICIAL STRUCTURES SHOALS" (BELOW) ™
LCEAN VISIBLE TONAL CON-  DOD. NAVOCEANO  COASTAL: OBSERVA- 0= 5+ XKNOTS 0 2-2 NMI,COASTAL GLOBAL OCEAN 2-5 DAYS SUN GLITTER oL
URFACE - TRASTS, THERMAL (NW TIONS COVERING 2-20 NMI, OPEN IMAGING OF ™
ICURRENITS ~ PATTERNS DOC,NOAA (NOS, ~ TIDALCYCLE UNDER OCEAN ROUGHNESS; ACR
INWS, NMES, A RANGE OF RIVER OTHERS, SAME AS  GRSM
NESC, EDS) QUTFLOW & NEAR~ FOR SEA SURFACE
EPA SHORE CURRENT CON- COMPOSITION
DOI“USGS (EROS) DITIONS (TOTAL NO. (8ELOW)
085, MORE CRITICAL
THAN FREQ. OF O8S.)
GLOBAL: 2-5 DAYS
SEA SEA SURFACE TEMPER- ~ DOD.NAVOCEANO  |-5 DAYS, OPEN A4°C 12 HOURS 40.2°C DESIRABLE GLOBAL OCEAN, ANALYSES AND  LOWER ATMO- oL
ISURFACE ATURE (NWSC OCEAN (OPEN OCEAN) :0 5°C NOMINAL ESPECIALLY NEAR WATER FORECASTS SPHERE TEMPER- ™
JTEMPER- DOC,NOAA (NWS, | ooy coasTAL . MASS BOUNDARIES EVERY 12 HOURS. ATURE/HUMIDITY, GRSM
IATURE EDS{C NOS, NMFS, 4 72-84 HRS.MAX  IN-SITU DATA ()
NESC) -
DO, USGS (EROS)
LPA
SEA “VISIBLE: CHLOROPHYLL DOC, NOAA (NOS, = 4-7 DAYS 0-100 + MG M +5% GLOBAL OCEAN, 1 WEEK SURFACE ROUGH- M
SURFACE  CONCENTRATION,; NMES, EDS,MESC) 515 i, OPEN CHLOROPHYLL A, - ESPECIALLY iN FISHING NESS (INCL. S
OMPOSI< WATER TURBIDITY; DOK'USGS (EROS) OCEAN. | 0-50 M DEPTH GROUNDS & NEAR LAND FOAM) ACR
TION AQUATIC VEGETATION 0121 NMAY NEAR- PENETRATION MASSES SUN ANGLE GRSM
SHORE & NEAR WATER CLOUD COVER &
MASS BOUNDARIES ATMOSPHERE
CONDITIONS
SOTTOM TYPE (IMN
SHALLOW WATER)
SEDIMENT LOAD
(FOR PLANKTON
ESTIMATION)
PHY TOPLANKTON
CONCENTRATION
(FOR SEDIMENT
LOAD ESTIMA-
TION})
SEA SEA STATE & SWELL; DOD/NAVOCEAND 6-24 HOURS SEA STATE: G-13 +10% GULOBAL OCEAN <1 DAY GROUND VERI~ oL
SURFACE  WIND FETCH AREAS; NWSC } ON BEAUFORT 0.2-2 NMI RES, FOR FICATION OF ™
ROUGHNESS SLICK PATTERNS DOC, HOAA (NOS, WIND SCALE, SLICK PATTERNS éevé\;vm
EDS, NWS, NMFS . IRECTION AND
NESC) ' SWELL: 0-20' + HEIGHT
DOV USGS {EROS)
SEA ICE EXTENT & CHARAC- DOC,/INOAA (NOS, 3-14 DAYS 0-100% ICE COVER '100-1000' GR. RES. GLOBAL OGEAN, 1-2 WEEKS GROUND MEA- oL
SURFACE ~ TER, SHIPS NWS, EDS,NESC) ESPECIALLY N. SUREMENTS OF ACR
IPHASE : DOT USCG HEMISPHERE & HIGH ICE THICKNESS, [
| DOV USGS (EROS) LATITUDES AGE, STRUCTURE, ™
. TEXTURE Al
M
33
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Table 3-2. Data Use Requirements Summary (Continued)

oY ®) REQUIRED REQUIRED ADDITIONAL DATA
L=5] =] SPECIF! FREQUENCY OF MEASUREMENT FIRST PRIORITY DESIRED TO AID BASIC
= MEASFISIE'MKE:NIS' DATA OBSERVATION RANGE OF SENSITIVITY & GEOGRAPHIC DATA ACCURATE FORMAT
o G2 DATA USE OBSERVASLES DESTINATIONS (DAYS) MAGNITUGES RESOLUTION COVERAGE PERISHABILITY INTERPRETATION | REQMTS.
8 E CLOuD . CLouDs DOC. NOAA (NWS,  CONTINUOUS 0-100% 19 NEAT & 200°K; GLOBAL DATA REQUIRED  CLOUD TYPE, oL
=] ICOVER £DS,NESC) {2 PER DAY, | KM RES ~ 4 HRS, AFTER HEIGHT 55
4 . DOD. NAVOCEANO  NOMINAL} . o8s. BRIGHT-
P (NWSC) NESS
= e DOWUSGS (EROS) AVER-
> AGING
[ S PRECIPI-  LOCATION/EXTENT . DOC;NOAA (NESC, ]) GLOBAL, ESPECIALL"  DATA REQUIRED oL
TATION -~ OF RAIN CLOUDS AND NWS, EDS OVER U5, <4 HRS, AFTER ™
PRECIPITATION DODNAVOCEANO o1 13
(NWSC) ACK
. i DOI. USGS (EROS) I‘AIAM
OCEANIC  SURFACE TEMPERATURE - DOC/NOAA (NWS, 2) GLOBAL OCEAN NA ™
: RADIATION €DS, NESC sS
. BUDGET DQD, NAVOCEANO ACR
i NWSC)
DOL USGS (EROS)
EARTH SURFACE TEMPERATURE  DOC NOAA (NWS, 2) GLOBAL (TERRESTRIAL) NA N oL
; RADIATION EDS, NESC) ™
SUDGET DOI/USGS (EROS) ACK
GRSM:
w
v
w CLOUD CLOUD AMOUNT, DOC/NOAA (NWS 1 ) GLOBAL NA CONVENTIONAL M
PHYSICS  1YPE, HEIGHT €DS, NESC) RADIOSONDE oL
{(ADDI- DOD, NAVOCEANO PROFILES ™
TIONAL (NWSC) MM
, 1O DATA DOJ/USGS (EROS) SS
; FROM ACR
: MICRO~
; METEOR=
: QLOGICAL
: EXPER}-
: MENTS)
UPPER TEMPERATURE DOC/NOAA [NWS, 3) GLOBAL 1 DAY CONVENTIONAL ™
ATMO- EDS, NESC) RADIOSONDE MM
SPHERIC. DOD,/NAVOCEANG PROFILES S
TEnP- (NWSC) oL
ERATURE DOI,'USGS (EROS)
gm TABLE A-3 Doé:él?o‘(;éNws' 3) GLOBAL } DAY . CONVENTIONAL ™
- . INESC) RADIOSONDE IMM
SPHERIC DOI/USGS (EROS) PROFILES, IN- s
COMm- SIIU DATA ACR
POSITION o:.s
GRSM
ch:ow/ gNs?:v l‘([ TOC/MNOAA (INWS, 4) GLOBAL, zsggu{utvp 1| WEEK oL
ISTRIBUTION, EDS, NESC INCLATITUDES GREATER  OR ACR
SURVEY. ~ CHARACTER DOI/USGS (EROS) THAN 45° N &S GREATER ;u
M
MM
MINIMUM
BRIGHTNESS
OMPO-
2UES

1) See Table 3-3
2) See Table 3-9

3) See Table 3-5
4) See Table 3-6
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Table 3.2.

Data Use Requirements Summary (Continued)

REGQUIRED REQUIRED ADDITIONAL DATA|
SPECIFIC FREQUENCY OF MEASUREMENT FIRST PRIORITY DESIRED TO AID
MEASUREMENTS, DATA OBSERVATION RANGE OFf SENSITIVITY & GEOGRAPHIC DATA ACCURATE
DATA USE OBSERVABLES DESIINATIONS {RaYs) MAGNITUDES RESQLUTION | PERISHABILITY |
soIL SOIL BRIGHTNESS USDA ASCS, SCS - 4) U.S. & TERRITORIES 2 WEEKS ™
MOIST- (VISIBLE, 1k, OK DOI USGS (EROS) OR sS
UKE MICROV/AVE) DOC /NOAA(NESC ) GREATER GRSM
IMM
[o]8
M
™
TERRAIN - LOCATION,CHAR- USDA/SRS, ASCS, 5) U.S. & TERRITORIES 1 DAY