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PREFACE

The material presented here was originally written as an Introductlon to
a much more detailed volume, A Guide to Environmental Satellite Data,
dealing with United States environmental satellltes. It soon became
apparent that a number of people were interested in the overview pro-
vided by this introduction but not, at least at this time, 'in the ex-
pense or detall of the material that followed. It was also apparent
that the introductory material with a few minor changes could be extrar-
ted and printed as a stand-alone document. This is what has been done.
1f, after reading this booklet, one decides to purchase A Guide to
Environpmental Satellite Data, it 1s available for $20.00 from:

Publications Unit

Marine Advisory Service

University of Rhode lsland
Narragansett Bay Campus

Narragansett, Rhode Island 02882-1197
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ClIAPTER L. INTRODUCTION

OVERVIEW

The first hurdle the potential user wust overcome In order to begin
worklug with remote-sensing data products is to deterwine what is avail-
able and how it 1s acquired. This summary is directed primarily at
these questions. The discussions will be linited to satellite-burne
sensors and their data products, as opposed to alreraft imagery. The
desirability of satellite data products is due to their availabiliiy,
relatively low cost and comparatively sinple interpretation, Although
more accurate In almost all respects, aircraft data are often more ex—
pensive to obtain. CGenerally, a tailor-made mission must be flown for
the project, and the data are often more difficult to interpret, berause
of the large number of variables—-—sun angle, altitude, and speed, for
instance--that nust be known. These variables will vary during the mis-
sion and must be accurately deterained. Of course, the professional ran
use the definition of these variables to advantage when Flying a mission
and obtain higher-resolution data products than is possible from sutel-
lite. Many roastal applications nake use of aircraft data for just this
redsomn,

This summary i{s divided into three chapters addressing those 1lssues
inporcant in understanding and ordering envirommental satellite data.
The [irst chapter is devoted to a brief overview of satellite data dig-
senination In the United States as it exists today. Chapter 2 discusses
i general teras the types of sensors borne on satellites and the vari—
ables rhey weasure. Chapter 3 provides a historical perspective of sat-
ellites with potential coastal and oceanographic applications.

ENVIRONMENTAL SATELLITE DATA AVALLABILITY IN THE UNITED STATES, FALL
1981

At present, data and imagery from United States environmental sal-
ellites are avallable from four sources, and these are briefly dlscussed
below. However, the reader is cautioned that the slituation is fluid and
subject to change.

The source to which one wrote for data used to depend on which
agency operated the satelllte. In general, the data from meteorclogical
satellites, operated by NOAA, were disseminated by the Lnvironmental
Data and Information Service (EDIS) of NOAA in Washington, U.C, Air
Force meteorological satellite (DMSP) data weru distributed by the
University of Wisconsin, Space Science and Engincering Center for NOAA/S
EDIS. LANDSAT (the Earth Resources Satellite) data were obtafned from
the United States Geological Survey's ERUS Data Center in Sfoux Falls,
South Dakota. Research data from nany of the NASA-launched experimental
satellites were availlable from the National Space Sclence Dita Center
(NSSDC) of NASA, located at the Goddard Space Flight Center in Grecen-
belt, Maryland,



At present, one cun still obtaln DM5P data trow the University of
Wisconsin and ecivilian meteorologlcal satellite data Erom NOAA in Wash-
ingron. Although the operation of LANDSAT js now formally under the
control of NOAA's National Larch Satellite Service, the ERUS Data Center
will continue to archive and distribute the actual data under a formal
agreement with NOAA,  EDIS in Washington has also been made the focal
point for research satellite data such as that of SEASAT-1 and the
NIMBUS-7 Coastal Zone Colur Scanner, Table 1 summarizes current ad-—
dresses and phone nupbers of organizations from which data of each of
the associated satellites may be obtained.
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CHAPTER 2. SENSURS: BESCRLPTION AND CLASSLFLCATIOGN

In the following sections, the satellite-borne sensors of interest
to oceanography are cousfdered in two separate groups, The first group
duals with sensors operating In the visible, near Infrared, and thermal
infrared bands, the second with those operating In the microwave., The
primary reason for this separation is that in geueral satellite-horne
sensors I the visible and infrared are passive——i.e., nake use of re-
flected solar or wvmitted terrestrial radiation wvhile, except for the
SMHR (introduced brieflly below), instruwents operating in the microwave
provide the source of radiation——as well as the derectur. Arctive de-
vices use the streagth of the rerwrned signal as well as its frequency
aml round-trip travel time to describe the target.

The sensors in these L[wo groups can be subdivided iato two broad
caltegoriess imaging and nonimaging. Imaging devices are those that
tend to caphasize spatial informatlon; i.e., they obtain a two-dimen-
sional picture of either the coloer, temperature, or surface roughness of
the arcea Imaged, stressing the varlability of these paraneters over the
ared. The spatial diuwenslons range from several tens of neters {(StASAT,
SAR) to about 10 kilometers (LOES, VISSR). Noninmaging devices stress
temporial, spectral, or radiovsetric resolution with little consideration
for spatial information; e.g., the altimeter which measures surface ele-
viation and surface roughness only at the satellite subovbital (nadir)
peint, or the scatteroneter which averages surface roughoess over
squares 30 km on a side or larger to estimate wind stress.

This distinction becowes important when considering data reception
and processiog., Although data from both systems often require signifi-
cant processing to obtain the oceanographic variable of interest, those
from au jwaging device require a sophlsticated display device, while
standard line printer output is sufficient fur those from the nonimaging
BEUSOIS.

The scensors within both subcategories, imaging and nonipaging, are
deseribed in a generic sense. (Details with regard to satellite-burne
sunsors of envirommental interest are presented in A& Guide to Eaviron-
pental Satellite Data available from the Marine Advisory Service, Uni-
versirty of Rhode Island, Narragansett, R.1l. 02382-11%7 at a cost of
$20.00.) Lt should be stressed that although these sensors are presen-—
ted withina the rontext of satellite remote sensing, the generic descrip-
tions apply equally well to alrcraft-borne sensors. In fact, most of
the satelli te-boroe sensors are flight-tested on alreraft prior te thelr
implementation on board a satellite,

Electronapnetic Radiatlon——The Quantity Measured

Prior to prescuting the subclassification of satellite-borne scen-
sors, a discussion of the quantity measured is appropriate. All such
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sensors measure electromagnetlc energy or the fatensity of electromag-
netic waves. Electronagnetic waves are composed of varying electric and
magnetic fields and ate defined by three properties: their wavelength,
the amplitude or height of the waves, and thefr direction of propaga=-
tlon, {In the following, we assume the direction of propagatlon is
toward the satellite, so only the wavelength and amplitude will be ron=-
sidered.) Electromagnetic waves may have any wavelength between zero
and infinfty, but, due to environmental and instrument constraints, only
certain portions of the electromagnetic spectrum are useful in satellite
renote sensing of Harth resources (Figure 1). Some of the nore impor-
tant constralnts are atmoespheric absorption, the stze of the instru-
ment's antenna, the relationship between the wavelength and the quantity
ebserved, and the power available to operate the equipment (the last
primarily for active devices). An additional aud extremely important
constraint {s the data rate; i.e., the volume of data collected. This
ronstraint is determined by the ability to (a) handle the data on the
satellite, (b) send these data to Earth, and (c) process such data once
they have been received on the ground,

Electromagnetic radiation of interest in remote sensing of Earth

falls into three peneral regions: visible, infrared, and microvave.
These are discussed below,

Vigible Radiation--Light

Light is one example of electromagnetic radiation (see Figure 1),
the color of the light being detarmined by its wavelength. Red light,
the longest wavelength light that we can see unalded, is composed of
waves about 0.75 x 10-6 meters long (0.75 micrometers, written (.75
pym), while blue 1light, the shortest wavelength we can see, is composed
of waves about O.4ym long. This portion of the eletromagnetic spectrum
from blue to red light 1a called the visible portioen because it is com-
posed of only those wavelengths we can see without instrumentation.

The intensity of light, its brightness, is determined by the ampli-
tude of the waves., Bright light will have relatively larger amplitude
waves, while dim light will have relatively smaller ones,

Visible light will propagate through a clean, dry atmosphere with
little disturbance and is therefore one of the more impertant bands of
the spectrum for satellite sensing. In a clean, dry atmosphere we have
good visibility: a “clear" day. On a hazy day there are a great deal
more scatterers and absorbers in the atmosphere and the light can be
substantially affected as it passes (propagates) through it,

Most visible radiation reaching a sateliite from the BEarth is re-
flected solar radiation; 1.e., light from the sun that has been reflec-—
ted from the Earth or its atnosphere toward the satellite. Note that
this means that sensors in the visible can, in general, collect data
only during daylight hours.
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A fipnal property of visible radiation that is important in oceanog-
raphy is its abllity to penetrate water., Of the three epectral regions
of importance 1n remote sensing oceanography, Llight (especially blue
light) penetrates water by far the best, Indeed, in the thermal and
microwave portions of the spectrum, there 1s little (on the order of
micrometers) to no penetration. Blue 1light, on the other hand, will
propagate through tens of meters of clear ocean vater before being sig-
nificantly attenuated., Red light is sharply attenuated within the first
few meters.

Infrared Radlation

The second region of the spectrum important in remote sensing is
the infrared, so called because it is "below” red, or beyond the visible
red. We cannot see infrared radlation with the unaided eve; however,
instruments can record this radiation either electronically or photogra-
phically, Once in this form, it is readily converted to an image we can
see, or nunbers we can Interpret. The infrared portion of the spectrunm
is divided into several regloms, of which the near infrared (near IR)
and the thermal infrared (thermal IR) are the most important,

The near IR 18 important because it corresponds to the band of high
reflectance for most vegetation; l.e., plants reflect a pood deal more
energy in the near IR than in the visible. Furthermore, the atmosphere,
except for clouds, is transparent to near IR radiatlon. The wavelengths
of interest here range from about 0.8 MPm to about 1.5 um. As in the
case of visible radiatlon, most radiatiom leaving the Earth in this por-—
tion of the spectrum is reflected solar radiation.

Thermal IR radiation (> 4 pm) 1s important because it 1s dominated
by radlation emitted by the Earth and atmosphetre, not reflected solar
radiation. The lntensity of the emitted radiation depends on the temp-
erature of the source (water, land, etc.) and a physical characteristie
of the source, called the emissivity, which 1s generally sufficiently
well known so that the temperature can be determined from an aceurate
measurement of the thetrmal IR radiation., The atmosphere is only trans-
parent to thermmal IR radiation within several narrow "windows.” Two of
the most important of these are the 3Um to 5un band and the 9.5 um to
about 13.5 pm band. Outside these windows, almost all thermal IR radi-
ation is absorbed by the atmosphere as it propagates towatd the satel-
1ite. Within the 9.5 to 13,5 Um window, the radiatlon is greatly af-
fected by atmospheric humidity, resulting in one of the most significant
shortcomings of thermal IR sensors in determining sea surface tempera-
tures (SST). Furtherwore, thermal IR radiation does not penetrate
clouds to any significant extent. tHowever, because a significant frac-
tien of the radiation is emitted by the Earth, data collection is not
restricted to daylight hours.
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Mierowave Radiation

The third porvion of the spectrum Important In remote sensing of
the Earth §s the mlcrowave region, Wavelengchs of lwmportance cange frou
about } mitlimeter (1 willimeter = 1073 weters) to scveral tens of
centineters (1 ceatineter = 1072 meters). The rutoff at the lower ead
is determined by atmospheric absorption while the cutoff ar the upper
end is more a functlon of instrument constralnts as well as the reflec—
tive and emisslive properties of the ground, atuosphere, and sea surfaca,
There are scveral very inportant differences between sensing in the wi-
crowave rompared to seasing In the visible and infrared.

First, most microwave radiation will penetrate clouds with lictle
atteouacion, or reductlon of signal strength. This meaus that a sub-
stantial portion of cthe microwave spectrum wmay be used uuder all weather
couditions (except for heoavy rain).

Secoml, the intensities of radiation emitted by the £arth and solar
radistion reflected by the Earth are very uveak. This means that a pas-—
sive sensor, depending on the Earth or the sun as ita source of radia-
tion, must be very sensitive to obtain useful Informatlom, On fhe other
hand, active dJdevices, those which provide the source of radiation and
then weasure the fracrion reflected back toward the seansor, have little
background radiation to confound the measurenents.

Ihird, the wavelengths used are comparable to the size of many sur-
face irregularities; sand grain size, capillary waves, etc. Therefore,
the Inteasity of reflected radiation often carries information on the
coughness of the surface, which is of particular value when studylng
oceanographic phenomena.

VISIBLE, NEAR INFRARED, AND THERMAL INFRARED SENSOKS

The general classification scheme for sensors in the vigible to
thermal IR portion of the spectrum 1is shown in Figure 2. The first
division 1s determined by the detector's coperational modes. In the case
of the photographic instrument, the recording medium is film. The de-
tection process involves molecular alterations on the film, hence 1s not
reversible; i.e., once a Film has been exposed, 1t cannot be used agaln.
In the case of cthe electro-optical sensors, the output of the detector
is an electronic signal. Thls signal may then be used to expose a film
(as Is done by some therpal detectors), may be stored on magaetic stor—
age devices, or displayed on a cathade ray tube (CRT). The detector is
not destroyed in the process of detection. Furthermore, the recorded
signal is in an appropriate form for transmission or digital processing.

“4& sceomd Important difference between photographic and eletro-optical
sunsors is that the forner are restricted to the visible and near infra-
red (up to abour 1.2 ym) portion of the spectrum, while the lacter can
be made to cuver any part of the visible to thermal IR region. Further—-



VISIBLE AND THERMAL

IR SENSORS
PHOTOGRAPHIC ELECTRO-OPTICAL
(cameras)
IMAGING NONIMAGING
SCANNING DETECTOR
ARRAYS

Figure 2. Classification Scheme for Sensors Covering
the Visible and Thermal IR Portion of the
Spectrum

L -]
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more, Lhe dynanie runge available to electro-optical detectors is io
general significantly preater than what is available o photographic
Ones . For maany applications, probably the most important feature 1Is
that multispectral data (electromagnetic iutensity separated into a
pumber of different wavelength reglons) is available simulraneously at
carchh of the grownd elements lnaged by the sensur. Multispecrral infor-
wmation 1s available frus photographie devices=-e.g., clusters of cameras
or a nunber of lenses for the same frame—-but registration of the resul-
ging images is not easy. For the electro-optical device, on the other
hand, registracion 1s often inhereat in the treatwent of radiatlon by
the iastrunent. A coaparison of electro-uptiral detection and photo-
graphic detection {s presented in Table 2. Understanding of photograph-
ir equipnent by the reader is assumed and will not be dealt with fur-
ther. The rest of this chapter will be devoted to electro—optical sen-
sors, shich are subdivided into imaging and unonimaging. Because the
imaging device has as lts basls the nonimaging sensor, the nonimaging
gensor will be preseated flrst.

Nonimaging Sensors

Radiometer/Photometer. The simplest of the nonimaging devices are radi-
oieters or photometers. These instruments neasure the intensicy of all
the clectromagnetic radiation within thelr field-of-view and wavelength
range. The fleld-of-view depends on the aptics of rhe collector (mirror
or lews), the field stop, and/or rhe geometry of the detector. There
may, of course, be additional optical elements within the system which
also act to determine the fleld-of-view, The wavelength range to which
the sensor is responsive depends primarily on the optical elenents
through uhich the radlation must pass and on the design characteristics
of the detector.

The distincrion between the radiometer and photometer is based on
the wavelength range over which they are sensitive. The radioweter op-
erates at and beyond wavelengths in the Infrared; i.e., at wavelengths
greater than about one micropeter. The photometer operates at shorter
wavelengths, the vegion of sensltivity corresponding approximately to
that of photographie film.

Although the term radiometer is used ino this section for detectors
operating from 1 pm to radie wavelengths (weters), the primary emphasis
is vn detection in the thernmal infrared. As mentioned previously, elec=
tromagnetic encergy in the thermal infrared portlon of the spectrum is
emitted primarily by objects in the 3UU°K (27°C or BOPF) range.
This nmeans that great care must be taken to rool the fastruuwent so that
the radiation observed 1s not that emitted by the sensor itself, Ia
general, this requires that rhe instrument be equipped with an internal
refereace to ralibrate the observed signal. Internal calibration is not
required (although it may be used) for the photometer.

Spectrometer. A spectrometer is a photoneter or radiometer with a
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TABLE 2, Electro-Optical Deteetion Versus Photographic Decertion

Electro-Optical Advantages Electro-Optical Disadvantages
- Can image beyond approxi- - In general, substantially more
mately 1.2 ym, the limit for complex than a camera

photographic sensors

= Output signal in electronic ~ Data storage is not as effi-
form may be: transmitted cient on magnetic tape as on
recorded filn
digitally
analyzed ~ Coarser spatial resolution

- Has a greater dynamic range

= Capable of internal calibration

= Multispectral data is coregistered
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dispersing element, The dispersing element-—e.g,, a prisa or ruled
prating—=spreads the incoming radiation spatially as a function of wave-
length, The dispersed radiation 1s then detected either by a suaber of
radiometurs at ditferent locations or by sweepiag the dispersed beam
past the same radiometer, The former method provides poorer spectral
resoluction but greater sensitivity by Integrating leonger in time. In
the laboratory, thls results in only a small advantage. In the field,
where the inconlng energy wmay be a function of time, this time con-
stralnt can be crucial.

Imagiag Sensors

Photographic, - As mentioned earlier, photographic equipment will not be
coverad in any detail here. The primary points have already been nen-
tioned in che sunmary of Table 2.

Return HBeam Vidicon Canera., The Return deam Vidicon Cawmera, or REV, is
a television systen vhich lles generically between photographic equip-
ment and multispectral scanners, discussed in the next section. The
devire is siwllar to photographic equipment {n that 1t images an entire
scene at one instant., 1t is, however, simllar te the electru-optical
sensors in that the detected radiance is converted to an electronic
signal. The RBV, therefore, has some of rhe disadvantages of photogra-
phic eqguiprent {(two-dimensional distortion, lack of multispectral regis-—
tration) and some of the advantages of the electrv-optical sensors
{elecironic ocutput, noadestructive detection, etc,). LANDSAT is cur-
rently the only environmental satelllce with a television sensor
aboard.

Scaunners. Electro-optical scanners are devices which generate an image
by sranning the scene of interest, This is generally done uslng a rota-
ting mirrer which reflects radlation from different parts of an area
into the Jdetection system. Usually the sensor 18 counstcucted so that
the rotation of the micrvor provides radiance data along a straight line.
The second dimension of the image is then obtained by advancing the sen-
gor perpendicular to the scanning direction. From the micvor back to
the detector, the sensot resembles at least coaceptually the simple ra-
dioneter ovr spectroneter discussed above.

All multispectral scanners on the various satellites (M55 on
LANDSAT, CZCS5 on NIMBUS—7, VHRR and AVHBKR on the TIRUS-NOAA seriles, for
instance) operate basically as deseribed above, using the scanning no-
tion of the wicrror to provide the across track information and the wo-
tion of the satellite to provide the along track jaformation. The only
exception to this wethod of operation 1s the Visible Infrared Spin Scan
Radioneter (VISSR) on GOLES.

The VISSR operates differently because the GUES satellite on which
it 1s flown does not advance relative to the ground. It is in what is
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referred to as a geostatlonary orbit, discussed in Chapter 3. For VISSR
the scannlag motlion 1s achieved by rotating the eantire satellite about
un axis approximately perpendicular tu the plane deseribed by its orbit,
The nirror lnside the sateliite is then stepped about the axis perpen—
dirular to the earth-satellite vector and lying in the orbital plane of
the satellite. One step is taken for each rotation of the satellite.
The rotation of the satellite then provides the east-west Informatlon,
while the stepping mirvor provides the north-south information.

411 of the visible/IR scanners on environmental satellites have at
least two spectral channels.

MICROWAVE SENSORS

Because the intensity of emitted terrestrial radiation and reflec-
ted solar radiation 1s down several orders of magnitude in the microvave
portion of the spectrum from what it is in the visible to IR portioa of
the spectrum, passive reception of such energy is quite difficulr. Be-
cause of this--and because of thelr expected usefulnesg-—active micro-
wave sensors have received significant attention in Che past several
years, The ability to coatrol the source of radiation in an active sen-
sor permits the measurement of varlables other than just the received
radiance. 1In particular, active microwave sensors make use of rhe trav-
el time of the emitted pulse to measure distance and the frequency of
the returned pulse to measure the speed of the target relative Eo that
of the sensor platform. The change in frequency due to relative wmotion
is referred to as the doppler shift. These two variables, round trip
travel time and doppler shift, may also be used to locate a signal ge-
ometrically., An active device can use any or all of the three variables
outlined above as well as a fourth, polarization. The polarization is a
measure of the plane 1n which the measured electromagnetic vector oscil-
lates, Both active and passive devices measure the polarization. The
emitted pulse of active devices may also be polarized.

Nonimaging Microwave Sensors

Radar Altimeter. A radar altimeter 1s an active Jdevice used to measure
the distance from the spacecraft to the reflecting surface below with a
high degree of accuracy., The primary variable observed, therefore, is
the round trip travel time between the spacecraft and the sea surface,
The sensor emlts a traveling pulse straight down (it looks ar nadir)
and then looks for the return pulse. Altimeters have orbited on three
spacecraft: Skylab, GEOS-3, and SEASAT-1., The vertical resolution of
the fustruments went from approximately one meter for Skylab to 30 em
for GEOS-3 and 10 cm for SEASAT-1. These resolutions were those ob—
tained by averaging all returned pulses for one second (butween 10 and
100 pulses) and correcting for atmospheric effects.

The radar altimeter has alsoc been used quite suecessfully to de-
termine sea state. This is done by comparing the shape of the returned
pulse with that of the emitted pulse.
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Scatterometer. Oceanographic applications of the scatteromoter have
been primarily directed toward the neasurement of wind-indured surface
stress. This instrument responds to the intensity of reflected radia-
tion at moderately large angles, 10° to 80°9. The instrament s ac-—
tive and uses ranging, tound trip travel time, to locate the reflected
pulse spatially. In order to obtain directional information regarding
wind stress, two antennae were used on SEASAT-1 to view the same loca-
tion from different angles. One beam was emitted 45° From the forward
direction and the secund 45° from the aft direction. As the satellite
advanced, the area covered by the aft-looking beam would cross whatever
had been observed by the forward-locking beam, By this method, the
direction of the wind stress was determined to point within 20° of one
of Eour dirgctions, In some cases, the directional ambiguity was parti-
ally vesolved, the stress being determined to lie within 20° of one of
two directions.

The electromagnetic pulses emitted by the spacecraft have wave-
lengths on the order of 3 cm, At this wavelength, capillary waves act
as Bragg scatterers, hence the ability te measure wind stress, magnitude
and direction. In order to meet the resolution requirements specified
for wind stress, the area over which the reflected pulse must be aver-—
aged 1s large since capillary waves are weak scatterers. The scatteron-
eter uses ranging to divide the region viewed into & number of large
cells with leagth scales on the order of 50 km,

Scanning Microwave Radiometer. A number of scamming microwave radio-—
meters have been orbited in recent years on varlous satellites; pri-
marily, the SMMR on NIMBUS-7 and SEASAT-1, ESMR on NIMBUS-5 and
NIMBUS-6, and SCAMS on NIMBUS-6. Two different techniques are used to
sran the beam. The beam of electrically scanned radiometers (ESHR) is
steered clectrically using a phased array. There are no moving parts
and the angle of the antenna {s stepped across a scan line in discrete
intervals. The second technique 18 to rotate a reflector in front of
the antenna in much the same fashion as the visible/IR nultispectral
scanners described earller. The primary difference is that the reflec-
tor 1s a wmetal sheet rather than a mirrvor. ‘'[he SMMR reflector is ro—
tated continuously, while the SCAMS reflector is rotated in discrete
steps slnilar to the VISSR on GUOES. In all cases, the scan direction
provides spatial information normal to the satellite's suborbital track.
All of these devices measure two polarizatfons as well as radiance in a
number of channels.

Because the emitted terrestrial radiance or reflected solar radi-
ance is many orders of magnltude lower at microwave frequencles than in
the visible or thermal, the sensors nust agalen average over a much
larger area. This constraint is also imposed by the size and shape
requirements for microwave antennae. For these reasons, the scanning
microvave radiometers are included here as nonimaging devices all having
resolutions ceoarser than 25 kilometers.
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Inaging Microwave Sensors

Synthetilec Aperature Radar. The only microwave imaging sensor orblted to
date 1s the Synthetic Aperature Hadar, or SAR, on SEASAT-1. The SAR is
an active slde-looking device which makes use of both ranging and dop-
pler information to construct an image of the surface with a resolution
on the order of 25 meters.

The term “"synthetic"” rvefers to the fact that the wmotion of the
spacecraft allows the sensor to “synthesize” the signal normally seen
wilh & much larger antenna system. This 1s accomplished by making use
of all the information available from each target to generate the image.
The radar emits many pulses each second, each pulse illuminating a fair-
1y large area. Thus, each element of the sea surface is illuminated by
the radar and reflects energy back to the spacecraft a number of times
as the spacecraft passes, These nultiple views of each target may be
used to resolve features not wisible to the radar using just ranging and
doppler information.
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CHAPTER 3, SATELLITE OVERVIEW

HISTORICAL PERSPECTLIVE

In April 1960, ouly three and a half years after the first man—made
satellite orbited the Barth, the Unfited States began Its envirtonmental
satellite program with the lavnch of TIRO5~T (Television and Infrared
Observation Satellite), the flirst in a series of ten satellites launched
for the purpose of meteorological research. The TIROS satellites fol-
low a near polar orbit. Such an urbit is pgenerally rircular, carrying
the satellite to within ten degrees or so of the poles and allowing
coverage of almest all the Barth. These orblts are further ronstrained
in that the satellite passes overhead at approximately the same local
sun time everywhere on the surface of rthe Earth. Such orbits are
ralled sun—synchronous. The objective of the TIRDS series was to de=
termine through experimentation an acceptable configuration for a United
States operatfonal series of meteorological satellites. This task in-
volved experinentation with the spacecraft, its sensors, and the satel-
lite-to—ground communications link {called the "downlink™}.

TIRDS=X, although included In most historlcal descriptlons as the
last research satellite in the TIROS series, actually served as the pro-
totype for the first generation of operational, polar—orbiting, meteoro-
logical satellites referred to as ES55A.% This serles was Inaugurated in
February 1966 with the launch of KS5A-1. The ESSA series consisted of
two satellites which collected data simultaneously. The odd-numbered
satellites stored data which was then sent to the Wallops Island,
Virginla, and the Fairbanks, Alaska, Command and Data Acgquisition sta-
tions. The even—numbered satellites relayed the received data directly
to ground via the Automatic Picture Transmission capabillty. The sec-
ond ES5A satellite was launched in late February of 1966, and the last
in the series, ESS5A-9, was launched in Februwary 1969, See Flpure 3 for
a chronological arrangement of United States meteorological satellites.
It is of 1nterest to note that ESS5A-3, launched in October 1966, was
also called TOS-1 (TIROS Operational Satellite or System). This allas
is used interchangeably with the remainder of the ESS5A series, ES55A-9
being TOS-7.

The NIMBUS ("cloud” in Latin) series, designed to carry on the re-
search and development (R&D) function for the polar-orbiting, meteoro-
logical satellites, was initiated with the launch of NIMBUS-1 in August
1964, (Nete the overlap with the last R&D TIROS satellite,} In addi-
tion to the development and flight testing of advanced meteorological
sensors, NIMBUS also played a research role in the exploration of natu-

% Fran TIROS-X on, the prototype for each generation of operational,
polar-urbiting, meteorological satellites has been called TIROS-—
TIRO5-M for the second generation and TIRQS-N for the third gepera-
tion.
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rat resources and geophysical phenomena. This necessitated sensors
capable of detecting various forms of air poliution, providing duta on
various oreanographic variables, etc. In particular, some of the more
recent NIMBUS sacellites lhiave been equipped with sensors dedicated to
oceanographic studies. The last satellite {n the series (NIMBUS-7) was
launched in October 1978, and was still performing rellably at the time
of this writing.

Advances made carly in the NIMBUS program were fIncorporated on
TIRGS-M (launched in January 1970), the prototype for the second gen—
eration of polar-orbiting, meteorological series, TIROS-M was alse
known as I[T0S-1, the Improved Tiros Operational Satellite, The Eirst
operational satellite in this serles was deslgnated NUOAA-1 and launched
In December 14970, This series foncluded high resolution thermal IR
sensors as well as visible sensors. The last satelllite In this series,
NOAA-3, was launched in July 1976,

TIRO5~N, the prototype of the third generation, was launched in
October 1978, and the first operational satellite in the third penera-
tion, NOAA-6, was orbited im June 1979. NOAA-6 was operational and
providing uscful oceanographic data at the writing of this report,
TIROS-N having failed In the fall of 1Y80. NOAA-7 was launched in June
1981,

Parallel to the development of the polar-orbiting serles, two other
series also cvolved. One of these, the Defense Meteorological Satellite
Prograa {(bMHP), developed by the nilitary, is polar-orbiting and col-
lects much the same data as the NOAA satellites. The early development
of the system was seecret, hence little fnformation is avalilable from
this period. The Alr Force announced the existence of the series in
February 1973, at which time DMSP data was made avallable to the public.
Since the public announcement of the serles, the early Block 5B/C sat-
ellites have been replaced with a newer generation called the Block
5h.

The other meteorological satellite series developed parallel to
TIROS/ESSA/NIMBUS/NOAA was ATS/SMS/GOES. These satellites fly in a
geosynchronous orblt rather than a pelar orbit. A geosynchronous
satellite orbits the Earth about the equator, one trevolution taking 24
hours. 1In this fashion, the satellite will remain above the same point
on the equator at all times. The advantage of such an orblt is that
rontinuous coverage of an area is provided. lowever, the resolution is
coarse, since a geosynchronous orbit requires the satellite te be wmuch
higher than the polar orbiters, 35,000 km as opposed to 1,000 km. Also,
the satellites cannot monitor the poles because they are always over the
equator; and they see only one section of the Earth. In order to capi-
talize on the advantages of both systems, the United States decided to
deploy an operational geosynchronous series in addition to the polar.
orbiting series.

The Applications Technology Satellites (ATS), first launched in
Decenber 1966, served as the R&4D series for the geosynchronous system,
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although this was not their primary mission. A number of apacecraft and
sensor experlioents were carried out on the early ATS satellites, SMS-]
(Synchronous Meteorological Satellites), the prototype of the operation—
al geosynchronous neteorclogical series, was launched in May 1974. The
third sateliite In the series, SM5~C, was renamed GOES-1 (Geosynchronous
Operational Environmental Satellite), and launched in October 1975. Two
peosynchronous satellites are needed to cover the United States; hence
GUES-2 was also launched. 1In addition to the GOES satellites, the Euro-
peans have orbited a similar satellite, called METEOSAT, and the Jdapan-
ese have one called GMS Geosynchronous Meteorological Satellite. These
twu satellites cover those sections of the Earth of interest to the
assoclated eountries.

Following the early success of the metecorological satellites, as
well as the promising results of numerous airborne missions, the United
States embarked on its land-oriented satellite research program in July
1972, The first satellite in the series, ERTS-1 (Earth Resources Tech-—
nology Satellite), carried two sensors spanning the visible and near in-
frared portion of the spectrum. The primary sensor was the Return Beam
Vidicon (RBV) cawera, actually a set of three television cameras sensing
in the green, red, and near infrared. The secondary sensor was the mul-
tispectral scanner (M58), an electro-optical sensor sensitive to radia-
tion in four spectral bands., Shortly after the launch of ERTS-1, the
RBY failed, and although it was included on ERTS-2, the second satellite
in the series, it never saw much use, The M55, however, included on
ERT5-1 "at the last minute,” has provided exceptiomal ground-cover data,
and although ERTS was conceived as an R&D series, data dissenination as
well as sensor continuity has been treated in an operational fashion.
In 1975, after the launch of ERTS-2, the satellites were renaned
LANDSAT-1 and 2. Sioce then LANDSAT-3 has been launched, with an im-—
proved RBV system and a thermal infrared channel on trhe MSS. A
LANDSAT-D and D2 are planned for launch in the near future,

A second research satellite (manned In this case), from which a
nunber of ground cover, oceanographic and meteorcloglcal experiments
were cdarried out, uwas SKYLaB, launched in May 1973. Mauy of the exper-—
ipents carrlied out on SKYLAB laid the groundwork for senscors launched on
later satellites. For example, the results of the radar altimeter ex~
periment were utilized in the design of the GEOS-3 (Geodetic Experimen—
tal Oceanographic Satellite) satellitve (April 1975), whose prinary
sensor was 4 radar altimeter. GEOS-3 is included in must sunimaries as
an  oceanographic satellite because the vadar altimeter, its prinary
instrument, collected data only over the oceans, providing data such as
ocean topography and significant wave heights, There were two other
satellites In the GEOS series, but their sensors provided data of little
interest to oceanographic phenomena and will not be discussed here.

The last satelllte launched to date with oceanographic data collec-
tion as its primary mission was SFEASAT-1. Most of its sensors becane
operational on June 27, 1978, but after 9Y days (October 10, 14%78) of
near flawless operation a major power failure lnrapacitated the apace-
craft, terminating all data collection. There was ro be a SEASAT-2, but
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this project was dropped In favor of the proposed NOSE (National Oceanie
Satellite System), which was scheduled for a 14986 launch. In the inter-
im, no other civilian United States oceanographic satellites are plan-
ned. MNOSS now also appears to have been dropped.

The only other satellite with potential application to remote sen—
sing of the oceans that will be discussed is HCMM (leat Capacity HMapping
Mission), launched in April 1978. The nission of HCMM was to provide
comprehensive, accurate, high-spatial-resclution thermal surveys of the
Earth's surface. The objective of these measurements was to determine,
from the observed thermal differences between day and night, the thermal
inertia of the ground and thereby the geological structure. High-reso-
lution thermal imagery is, however, also of interest 1in occeancgraphic
studies.

SATELLLITE CLASSIFICATION SCHEMES

Satellites can be classified in a varlety of ways. An outline is
therefore presented of some of the attributes of a satellite or satel-~
lite system that might be used for classification. Probably the most
important is the satellite mission.

Application Areas——Satellite Mission

To date, satellites have been launched by the United States to ad-
dress meteorological questions, observe the oceans, rlassify geological
gtructures, determine the shape of the globe, and classify land cover,
particularly agricultural cover. Future satellites are planned which
will allow surface mapping, topographlic feature extraction, ice cover
analysis, and magnetic fleld strength determination. There alsc exist a
variety of satellites with planetary, solar, and other astronomical
missions; military satellites with classified misstons; communications
satellites; aond navigational satellites. These, however, will not be
discussed here as they do not fall within the group of environmental
satellites and have no utility in remote sensing of the oceans.

For simplicity, we reduce the varicus application areas outlined
above to the following three categories: meteorological (weather),
oceanographic, and terrestrial (land-oriented). Although our primary
area of Interest is the ocean, data from satellites in all three ap-
plication groups have proven useful in oceanographir research.

Operational Mode

The second characteristic of a satellite or satellite system that
can be used to classify it 1s 1te mode of operation. There exist in
general three modes, although the distinrction between them 1s sometimes
nebulous., These operational modes are:
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a. HResearch. The satellite is launched to study sensor charac-
teristics, orbit alternatives, etc., and there is no guaran-
tee that in the future the nation will support a similar
satellite, Civillan research satellites are launched aund
operated by the National Atmospheric and Space Aduministration
(NASA),

b. Prototype. This designation 1s used for the first satellite
in a series of operational satellites. The satellite {eivil-
ian) is launched and operated at first by NasA. Coutrol is
eventually turned over to the National Oceanic and Atmospher—
ic Administracion (HNOAA).

¢, Operational. Such satellites come in serles. The civilian
ones are launched by NASA and operated by NOAA., In general,
the country has made a comnitment that the series as well as
subsequent series will continue the observation program for a
number of years into the future,

The word "civilian” has been used a number of times. These satel-
lites are to be compared with a series of meteorological satelllites,
launched and operated by the military, the data of which is in the
public domain. There 1s no commitment on the part of the military to
supply meteorological data to the public in the future. Indeed, the
military reserves the right to restrict their satellites to military use
at any time. This military/nonmilitary dichotomy indicates another man-
ner in which satellites may be categorized. This categorization will
not be used here.

Satellite Orbit

The last characteristic to be considered is the satellite's orbic,
It is convenlent to consider three different types of orbits:

a, Sun—-synchronous (sometimes called polar-orbiting). The local
sun time at the padir point (the point directly benearth the
satellite), on the sunlit side of the Earth, is approximately
the same independent of latitude. Such orbits are important
when reflected solar radiatlon dominates the observed radi-
ance and of little consequence if the satellite's sensors are
active, providing their own source of radiation. Such orbits
are about 1,000 km above the Earth's surface.

b. Geostatlonary (Geosynchronous). These satellites orbit the
equator at the vate at which the Earth rotates; hence, they
always remailn over the same polat on the equator. These or-
bits are useful where repeat coverage at short time intervals
is desired and spatlal resolution 1s not as Imporrant. Their
orbits are about 36,000 km above the Earth's surface.
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c. General, Tis defines all possible orbits. Cases a and b
above are special cases of the gencral ur nonspecific orbit
but are separated here because of their iaportance. The

general orbit shall be wused to detine all orbits that are
neither sun=syuchruonous nor geostationary.

Iu Table 3, existing satellite systeus ave categorized using the
varlous categories ontlived above. Across the top of the table is tha
mode  of  operation--research, prototype, and aperational--while the
coluins are divided into application areas. Each application area fs
further subdivided by orblt where applicable.

Some peculiarities are evident in Table 3, NIMBUS appcdrs‘ln boLh
the meteorology and occanography application arcas. The NIMBUS serfes
was originally conceived as the resvarch series for sull~syuchronous,
metearological applications. Recently, however, the NIMBUS platform has
buen  used Lo test  sensors --e.g., the Coastal Zone Color Scanner
(CLCS)——wiicli have gccanographie applications.

A second polnt of ronfusion is the designation of TIRUS as the pro-
tatype for the sun-synchronous meteorological satellites, This is only
true for the more recent TIROS satellites. For example, TIRO5-N is the
prototype for the third generation, meteorological, polar-orbiting
satel lites, The confusion arises from the Ffact that the early TIROS
satellites (from TIROS-1 launched in 1960 to TIROS=X launched in 1965)
served as research satellites, while the later ones are prototypes.

The  designations of the various series of sun—synchronous,
metecrological satellites can also be confusing. For example, the third
sutellite in the ESSA series was also pnamed TOUS-A (TIROS OUperational
Satellite). TIROS-M, the prototype of the second—generation, sun—-syn-
chronous series, is also lmown as ITOS-1 (Improved T1RUS Operational
Satellite). The nuuber of aliases assocliated with a series often leads
the casual obscrver to the conclusion that there are many more satel-
ilttes rthan in fact exist. A final point to note here is that a satel-
lite In a serles generally has a letter designation prior to launch., If
the launch is successful, the letter 1s converted Lo a nunber. For ex—
auple, prior to launch, SEASAT-1 was referred to as SEASAT-A; after the
lannch [ts name was changed to SLEASAT-1, this procedure, however, is
not followed for the TIRUS prototypes. TIKOS-N renains TIRUS-N. To add
to the confusion, the first operational satellite in the third genera=
tlon was deslgnated NOAA-A prior te launch and NOAA-6 after lawnch.
Berause NOAA-B Failed at taunch, NOAA~C became NUAA-7.

There are several polnts rconcerning LANDSAT worth noting. Firsc,
Lthe name of the series, originally ERTS, was changed to LANDSAE in 1Y75;
fienece, docuwents written prior to 1975 often use the acrouyn ERFS.  Sec—
ond, LANDSAT {s included in both the research and operational categor=-
fes.  Althouph 1t has been quasi-operational For a nunber of years, 1t
was not wtil late 1979 that control was transferred from NASA to NOAA,
along with a long-ten federal comuitment to wmaintaln such a satellite
system. It is in this scnse that 1t ts included as an operational
seriey.
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