
LANDSAT 4

"

The Landsat sat~lIites have been a valuable and prolific
source of remotely sensed Earth resource data since the first
Landsat vvasjeunched in July 1972.Although use of the data
grevv gradually at first, researchers made considerable pro-
gress in a relatively short time. As processing and information
extraction tec:hniquesbecame more advanced, the application
of Landsat data to practical problems in resource monitoring
and management expanded greatly. Tvvo more satellites vvere
launched in 1975 and 1978,enabling this vvork to continue.

Today, 11 nations vvorldvvidehave the capebilrtv to directly
receive and process data from Landsaj;.,;lnaddition, more than
100 nations hovv make serious use' ~f Landsat data for
resource eval.uation and manage'mer;it:1Ihe"practical applica-
tions of Landsat data are fbtJnd i~' such activities as oil and
mineral exploration, agricultur~;'land us~imonitoring and plan-
ning, forestry, range ~anagem,eQt,-'vv;i;ter management, and
map making. " ,~.;g •

To date, hovvever, the Landsat program has officially been
an experimental effort. The sa~e basic sensor package has
been flovvn aboard the three Landsats orbited since 1972,and
the methods by vvhich the sensor data are transformed into
user products, originally designed for research and develop-
ment activities, continue to be time consuming and at times
unreliable.

An operational, second-generation, Earth-sensing capability
vvillbe brought into use this summer after nearly a decade of
developmental effort. This nevvsystem is knovvnas Landsat 4,
and it vvas launched on July 16, 1982.

The impetus for the Landsat 4 program came primarily from
the recognition of certain limitations in the performance of the
multispectral scanner (MSS)sensing instrument, the primary
sensor aboard every Landsat since 1972. A nevv sensor
system vvith improved spatial resolution, spectral separation,
geometric fidelity, and radiometric accuracy vvas needed and
therefore became the subject of a designeffort initiated in the
early 1970's.This effort has been in the execution phase since
1977. The second-generation, improved, Earth-observing sen-
sor that emerged is called the thematic mapper (TM).

The TM relies heavily on the technology of the first-
generation sensor, the MSS, but it achieves many im-
provements in capability vvhichvvilladd substantially to the ef-
fectiveness vvith vvhichLandsat data can be used.A four-band
MSS,similar to those flovvn before, is also carrled on Landsat 4
and vvillcollect data simultaneously vvith the TM. The tvvo sen-
sors, along vvith a 'vastly improved ground processing capabili-
ty, vvill form a complete, highly automated data gathering
system designed to serve the remote sensing community for
the remainder of this decade.

Five major objectives for the Landsat 4 program have been
identified by the National Aeronautics and Space Administra-
tion (NASA):
1. To assess the capability of the TM, and its associated

ground systems, to provide improved information for Earth
resources management.

2. To provide for continued availability of MSSdata.
3. To provide a transition from MSSdata to the higher resolu-

tion and data rate of the TM.
4. To provide for system-level feasibility demonstrations to

define the characteristics of an operational land satellite
system, includingtransfer of Landsat 4 management from
NASA to the National Oceanicand Atmospheric Administra-
tion (NOAA).

5. To permit continued reception of Landsat data by other na-
tions.

This issue of the Landsat Data Users NOTES includes a
special revievv of the major elements of the Landsat 4 system.
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The overall Landsat 4 system is considerably
more complex than the Landsat 1, 2, and 3
systems (an exploded view of the spacecraft is
provided on this page). Not only is Landsat- 4's
Earth coverage pattern different, but it is design-
ed to interact with a number of other satellite
systems for data relay, communications, and orbit
control.

The observation platform is NASA's Multimis-
sion Modular Spacecraft (MMS),which provides
power, altitude and attitude control, and onboard
command and data handling. The MMS has an im-
proved attitude-control capability over that of
previous Landsat systems. The pointing accuracy
is specified to be within 0.01 degree (1 sigma),and
the stability is specified to be within 10-6
degree/second (1 sigma). These values compare
with the 0.7-degree pointing accuracy and
0.01-degree/second stability associated with Lan-
dats 1 through 3. In addition, the attitude control
system information provided by the MMS is sup-
plemented by an angular displacement sensor
mounted on the TM. The angular displacement
sensor provides the more precise information that
may be needed to account for the effects of
vibration Gitter)on the image data. The MMSis also
designed for retrieval by the Space Shuttle.

Another major advance in the Landsat 4 system
is represented in its capability to communicate
with the new Tracking and Data Relay Satellite
(TORS)system which is scheduled to begin deploy-
ment in 1983. The TORS vehicles will relay data
from the satellite to Earth in near-real time, thus
eliminating the need to rely upon onboard tape
recorders, which have had limited lifetimes on
previous Landsat missions.

The TORS antenna located on the Landsat 4
spacecraft will permit command signals,telemetry
signals, and TM and MSS sensor observations to
be relayed, through one of the two TORSsatellites
in geostationary orbit, to a single ground receiving
station at White Sands,N.Mex. To handle the high
data communication rates that are employed by
Landsat 4, as well as other spacecraft served by
TORS, the TORS system will use a Ku-band fre-
quency for communications to the ground. This
frequency will support simultaneous transmis-
sion of both TM and MSSdata.

A domestic communications satellite (OOMSAT)
system will be used to transmit sensor data from
White Sandsto the data processing facility at the
Goddard Space Flight Center (GSFC)in Greenbelt, ~
Md., and subsequently to the Landsat data
distribution center at the Earth Resources Obser- /
ve+ion Systems (EROS)Data Center in Sioux Falls,
S. Oak. PROPULSION

In addition to the roles of the TORS and OOM-MODULE /

SAT systems, Global Positioning System (GPS)
navigation satellites are expected to provide Land- POWEP. MODULE

sat 4 with highly accurate position and velocity
data. These data will be used both on board Land-
sat 4 and on the ground, where down linked data
could be used for geometric correction of TM and
MSSimagery. Only 5 of the 18 GPSsatellites that
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SPACECRAFT are planned, however, will be in orbit in the early
1980's.

A diagram depicting all the satellites with which
Landsat 4 will interact is provided on page 3.

The Landsat 4 spacecraft is also able to com-
municate with, and send data directly to, in-range
ground receiving stations worldwide. For this pur-
pose, X-band frequencies will be used for handling
the TM and M55 data streams. Those st atloris not
equipped to receive X-band transmissions will be
able to obtain only MSSdata in real-time, using an
S-bandfrequency as have previous Landsats.

Delays in the deployment of the TORSsystem
are expected to significantly limit the amount of
TM data that can be acquired by this means during
the early phases of the Landsat 4 mission. A
transportable ground station located at GSFChas
therefore been provided to allow real-time TM
data acquisition over the eastern United States, to
approximately 1000_ W. longitude. TM data ac-
quisition capabilities for the remainder of the
United States will be provided following the
deployment of the first TORSvehicle (anticipated
in early 1983).Landsat 4 M55 data will be acquired
through the existing U.S.ground station network
and selected non-US. stations until the TORS
system is fully operational.

From Goddard, radiometrically corrected M5S
data in digital form will be relayed, again via OOM-
SAT, to the EROSData Center (EOC).There, the
data will .be processed into master reproducible
241-mm (9-inch)film negatives, and stored in the
form of high-density digital tapes (HOT's). No
satellite transmissions of TM data between God-
dard and EOCare planned. TM products will be in
the form of 241-mmfilm and computer-compatible
tapes (CCT's)produced at GSFCand will be ship-
ped by air freight to the EOCdistribution facility.
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The structure of the Landsat 4 spacecraft is

characterized by its large deployed mast which
supports the TORS antenna and by its single-wing
solar array. The long dimension of the spacecraft
body (the roll axis) lies in the plane of the orbit, the
yaw axis is oriented to the local vertical (parallel to
the antenna mast), and the pitch axis is normal to
the orbit plane and parallel to the axis of rotation
of the solar array.

The principal sensing instruments, the TM and
the MSS, are located at the forward end of the in-
strument module. Each sensing instrument uses a
moving mirror assembly to scan in the crosstrack
direction (perpendicular to the spacecraft ground
track) and depends upon the relative motion of
the spacecraft to achieve the along-track scan.

DOMESTIC COMMUNICATIONS ~
SATELLITE (DOMSATI

TORS GROUND
STATION

SENSORS
In terms of basic design, there are at least two

fundamental differences between the MSS and
TM. First, the TM scans and obtains data in both
directions. The bidirectional approach was
employed to reduce the scan rate and provide the
dwell time needed to produce improved
radiometric accuracy. Second, the TM detector ar-
rays are located within the primary focal plane of
the instrument, allowing incoming light to be
reflected directly onto the detectors without
transmission through fiber optics, as with the
MSS. This configuration minimizes any loss in the
intensity of incoming radiation. However, it re-
quires that the detector arrays for various spec-
tral bandwidths be spaced apart in the focal plane
by the equivalent of several raster lines, meaning
that the same point on the ground is not
simultaneously scanned in all seven bands. Ac-
curate TM band-to-band registration will thus de-
pend on precise time registration and scan mirror
profile linearity and repeatability.

Thematic Mapper
The TM operates in seven spectral bands. The

selection of bands for this sensor was the subject
of considerable study and debate. The band
designations, spectral ranges, and principal applica-
tions are as follows:

• Band 1 (0.45-0.52 pm)
Designed for water body penetration, making
it useful for coastal water mapping. Also
useful for differentiation of soil from vegeta-
tion, and deciduous from coniferous flora.

• Band 2 (0.52-0.60 JLm)
Designed to measure visible green reflectance
peak of vegetation for vigor assessment.

3
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• Band 3 (0.63·0.69jtm)
A chlorophyll absorption band important for
vegetation discrimination.

• Band 4 (0.76-0.90jtm)
Useful for determining biomass content and
for delineation of water bodies

• Band 5 (1.55-1.75jtm)
Indicative of vegetation moisture content and
soilmoisture. Also useful for differentiatiQn of
snow from clouds.

• Band 6 (10.40-12.50J.l-m)
A thermal infrared band of use in vegetation
stress analysis, soil moisture discrimination,
and thermal mapping.

• Band 7 (2.08-2.35J.l-m)
A band selected for its potential for
discriminating rock types and for hydrother-
mal mapping.

These spectral bands were chosen primarily for
vegetation monitoring. The one exception is band
7,which was added primarily for geologicalapplica-
tions.

An important design goal was the achievement
of better radiometric sensitivity in all bands. The
radiometric sensitivity of the TM (table 1)is much
improved over that of the MSS,even though the
TM spectral bandwidths are narrower and the
ground sample size (pixelsize)is smaller.Incoriiunc-
tion with this improvement, the number of quan-
tization levels has been increased from 64 to 256.

Improved spatial resolution (over that of the
MSS)is another attribute of the TM. A pixel sizeof
30 m (ground resolution) in all but band 6 will allow
classification of areas as small as 2112 to 4 ha (6 to
10acres).Band6,a thermal band,will achievea pix-
el size of 120 m on the ground.

These performance levels were determined by
such 'factors as: (1) the detector instantaneous
field of view (IFOV),which is a function of detector
sizeand focal length of the telescope; (2)the optics
of the telescope and the scan mirror, which were
designed to minimize diffraction and blur; and (3)
the electronic frequency response of the system,
which was dictated by the dwell time afforded by
other components of the system. Summaries of
anticipated TM performance parameters are
given in tables 2 and 3.

As shown in the accompanying cutaway
diagram, the TM is mounted in the spacecraft in a
horizontal position with the sun shade pointing
toward Earth. Directly above the sun shade aper-
ture is a scan mirror surrounded by its drive
mechanisms,control electronics, and scan monitor
hardware. The primary mirror is mounted about
halfway down the length of the telescope, preced-
ed by optical baffling 'and the secondary mirror.
Directly behind the primary mirror are the scan
line corrector, internal calibrator, and the visible
detector focal plane with its mounting hardware
and alignment mechanisms. The radiative cooler
(containing the cooled focal plane assembly),relay
optics, and infrared detector arrays are located on
the instrument's aft end.The electronics package
is contained in a wedge-shaped box above the
telescope and contains the multiplexer, power
supplies, signal amplifiers, and filters for all chan-
nels.

The detector assembliesfor spectral bands 1-4
are located at the primary focal plane and employ
16 detectors for each band. The detector
assembliesat the cooledfocal planeconsist of two

SCAN MIRROR
ASSEMBLY

SECONDARY MIRROR
ASSEMBLY

SECONDARY
MIRROR

Thematic Mapper

TABLE 1

Thematic Mapper Radiometric Sensitivity

Effective Aperture: 1063 ern-
Effective Quantizer Bits: 7.75

Signal·to- Noise Ratio (SIN)

Optical Responsivity Fixed Minimum Maximum
Band Transmission (A/W) Noise Scene Radiance Scene Radiance

(pA) Specified Actual' Specified Actual'

1 0.77 0.33 2.3 32 52 85 143
2 0.77 OAO 2.3 35 60 170 279
3 0.90 OA5 2.1 26 48 143 248
4 0.76 0.56 2.2 32 35 240 342
5 0.69 1.2 4.9 13 40 75 194
7 0.65 1.6 4.8 5 21 45 164

6 0.53 15kV/W ' 'NETO·O.5K 0.13K

..Actual" ratios are based on initial calculations only and may be subject to refinement as reduction of observed test data continues .

, • NETO = Noise·equivalent temperature difference

4
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stimulates the individual channel voltages for all
seven spectral bands, providing for routine
monitoring of detector condition for use in ground
processing of the image.

The TM collects radiometric data in the seven
spectral bands by utilizing the detector assemblies
of the primary focal planearray and the cold focal
plane array. As the scan mirror sweeps the TM
line-of-sight back and forth seven times per se-
cond in a direction normal to the ground track, it
forms a raster of 16 linesin bands 1-5and 7, and 4
lines in band 6, for each sweep direction. Data are
collected during both the forward (west-to-east)-

TABLE 3
Major Performance Requirements of the Thematic Mapper

Square·Wave Response:
(Bands 1·5. 7

0.35 for 30 meter bars

I.ANI.SAT ItATAIIS~I~S N.tT~S _

UNCOMPENSATED CORRECTION FOR ORBITAL MOTION COMPENSATED

Berid-t.o-Berid Registration: <6m

high-resolution, near-infrared bands (5 and 7) with
16 detectors each, and one thermal band (band6)
with four detectors. Thus, during each scan mirror
sweep, 16 scan lines of data are generated for
each of bands 1-5 and 7, and four are generated
for band 6.

A scan angle monitor on the scan mirror passes
signals to the timing mechanism in the multiplexer
to indicate the beginning,midscan,and end of the
period in the scan mirror's travel when data are
taken in the forward scan direction. Equivalent
signals are provided for the beginning, midscan,
and end of the reverse scan.A "line stop" signalat
the end of each scan (both forward and reverse)
indicates the end of the formatting period and is
buffered and retransmitted to the scan line cor-
rector to initiate motions which correct for
overlap.

The scan line corrector, located in front of the
prime focal plane, rotates the TM line-of-sight
backward along the ground track to generate
scan lines which are straight and perpendicular to
the ground track. During each turnaround period
of the scan mirror, the internal calibrator

TABLE 2
Significant Thematic Mapper Parameters

Orbit: Sun·Synchronous
705.3·km Altitude
98.9·min Period
98.2° Inclination
16·day Repeat Cycle

Scan Profile Repeatability' <6m

Scan: 185·km Swath
7.0·Hz Rate
85·percent Efficiency

Along-Track Overlap/Underlap: <6m

SPACECRAFT TRAVEL
+ SCAN FIELD

I
_ ACTIVE SCANS ------l PERIOD OF VIEW

60.7 ms ~ 1142.9 ms -l !-TURNAROUND·10.7 ms ~

~~ 1[===_===-=====_ :]1 ~1

Optics: 40.6·cm Aperture
f/6 at Prime Focus
42.5-/<rad IFOV. Bands 1A
f/3 at Relay Focus
43.8·/<rad IFOV, Bands 5,7
170·/<rad IFOV, Band 6

Swath Width: 185 km

Signal: 52 kHz. 3 dB. Bands 1-5. 7
13 kHz. 3 dB, Band 6
1 Sample/IFOV
8 BitsiSample
84.9·Mbps Multiplexed Output

Radiometric Resolution:

(Bands 1'-5.7) 0.5-2.4 percent NEQ•

(Band 6) 0.5 K NETD"

Absolute Radiometric Accuracy: 10 percent

Band-to-Band Radiometric
Precision: 2 percent

Channel·to·Channel
Radiometric Precision:

<rms noise
4

Spectral Coverage: 0.45·12.5 urrv

Signal Quantization Levels: 256

Data Rate: 84.9 Mbps

Weight: 243 kg

Power: 332 watts

Envelope: 0.66 m by 1.1 m by 2.0 m

* NEe = Noise-equivalent reflectance.
.•.•NETD = Noise-equivalent temperature difference.

SCAN-LiNE-CORRECTOR COMPENSATION
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and reverse (east·to·west) scans. The Ritchey·
Chretein telescope images the scanned scene
energy onto the prime focal plane as the scan line
corrector is operating to provide forward and
reverse scan swaths adjacent to each other. At
the prime focal plane, each band (bands 1-4)
employs a 16-elementdetector array to translate
the sensed scene energy into low-level electrical
signals which are amplified, converted to 8-bit
digital words, and then multiplexed into an
84.9-megabit-per-second (Mbps) data stream
which is transmitted to the ground. A two-mirror,

- all·reflective relay reimages the incoming energy
from bands 5, 6, and 7 onto the cooled focal plane
located in the radiative cooler. At the cooled focal
plane also,energy is converted into low-level elec·
trical signals, amplified, and translated into 8·bit
digital words which are multiplexed into an

84.9-Mbps data stream for transmission to the
ground.

Multispectral Scanner
The MSSon Landsat 4 is similar to the MSSlri-

struments that were flown on Landsats 1,2, and
3. However, in order to provide MSSdata compati-
ble with that acquired from the higher orbits
flown by Landsats 1,2, and 3 (about 920 krn),the
optics of the Landsat 4 MSSsystem have been ad-
justed so that the pixel size still approximates an
80·m ground area. In addition, a new numbering
system is being used to designate the four spec-
tral bands of the Landsat 4 MSS.What are known
as bands 4, 5, 6, and 7 on the previous MSSsen-
sors, are now known, respectively, as Landsat 4
MSSbands 1,2,3,and 4.This isa changeindesigna-
tion only. The spectral coverage of the instrument
will remain the same.

ORBIT AND COVERAGE

Landsat 4 is expected to assume a repetitive,
circular, Sun-synchronous, near-polar orbit at a
nominal altitude of 705 km (431 rni) over the
equator. The satellite will cross the equator at ap-
proximately 9:45 a.m.on each pass.Eachorbit will
take nearly 99 minutes, and the spacecraft will
complete just over 14'/2 orbits per day, covering
the entire Earth (poles excepted) every 16 days.
Major orbital characteristics are shown in the
diagram below.

This compares to the similar but higher orbits of
Landsats 1,2,and 3,which had altitudes of 920 km
(570 rni),completed each orbit in 103 minutes (14
times a day), and covered the Earth every 18
days.

The lower orbit of Landsat 4-necessary for
the 30-m ground resolution of thematic mapper
data-results in an Earth coverage cycle
significantly different from that of the earlier
Landsats. For Landsat 4, the adjacent swath to
the west of a previous swath is covered 7 days
later. This is in contrast to Landsats 1, 2, and 3,
where the adjacent swath to the west was
established just 1 day later. A con-
venient way to visualize the Landsat 4 coverage
pattern is to remember that the distance be-

GROUND TRACK

INCLINATION = 98.2°

TIME OF DAY =
(local)

DIRECTION
OF TRAVEL

tween any two consecutive orbits (moving west-
ward) is 2,752 km at the equator. The rest of the
area between these ground tracks fills in over a
16-day period, whereupon the coverage pattern
starts repeating itself.

At the equator, adjacent swaths overlap at the
edges by 7.6 percent. Moving from the equator
toward either pole, this "sidelap" increases
because of the fixed swath width of 185 km.

The Landsat 4 16-day ground coverge cycle is
accomplishedin 233 orbits, making it incompatible
with the 251-orbit Worldwide Reference System
(WRS)path/row indexingscheme that is used with
data from previous Landsats. The WRSpath/row
system for Landsat 4 is made up of 233 paths
numbered from 001 to 233, east to west, with
path 001 crossing the equator at 64.95° W.
longitude. The same number of rows, however,
are still used.The rows are positioned so that row
60 coincides with the equator at the orbit's
descendingnode, there being 248 rows in all.

Successiveorbits and framing operations will be
carefully controlled to ensure minimalvariation to
either side from the intended ground track and
precise framing from top to bottom so that suc-
cessive images of a specific scene can be
"registered," or overlaid, accurately.

ALTITUDE = 705 KM
(Nominal)

ORBIT PERIOD = 98.9 MINUTES
6
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The Earth revolves 2,752 km to the
east (at the equator) between passes.

ORBIT ON DAY 1
DAY 2
DAY 3
DAY 4
DAY 5
DAY 6
DAY 7
DAY 8

DAY9 ======tttl1l1l1lDAY 10
DAY11------++~~~~~1
DAY 12 ----+-H~I

DAY13-=~~~~t1~1~~~;;~~fff7~/DAY 14
DAY 15
DAY 16

Adjacent swaths (moving westward)
are imaged 7 days apart.

7



ISSUE NO. 23

GROUND SEGMENT
The Landsat 4 ground segment activity can be

divided into two parts, one representing the
facilities and preprocessing performed at Goddard
and the other representing the final processing
and distribution of data at EDC.A chart showing
significant milestones for the ground segment
over the next few years is provided below.

Goddard Space Flight Center
The Goddard portion of the ground segment

consists of a Control and Simulation Facility, a Mis-
sion Management Facility, an Image Generation
Facility, a Landsat Assessment System, and the
Transportable Ground Station. The ImageGenera-
tion Facility (IGF)is the most important of these,
from the user's point of view, for here is where
the raw instrument data from the satellite are
processed toward final products for distribution.

The IGFreceives and processes raw instrument
data to produce film and digital Landsat data pro-
ducts from both the MSSand TM sensor systems.
Importantly, there are two distinct image process-
ing subsystems to provide for complete separabili-
ty of TM and MSS processing. By doing this, the
flow of MSS data to the user community can be
maintained without being affected by the data
processing research and development that will be
going on (for at least the first year) with TM data.
The computer systems used to process both
types of data also incorporate a high degree of
redundancy to maximize processing reliability.

The MSS element of the IGFwas scheduled to
become operational 14 days after launch.The TM
element will function initially in a r.esearch and
development mode and will subsequently evolve
into an operational system after the TM sensor
and its performance are characterized.

Within the IGF,MSSdata are to be produced at a
rate of about 133 scenes per day during the first
months of operation, and it will be possible to in-
crease this rate to 200 scenes per day if demand
warrants. These preprocessed data will be in the
form of radiometrically corrected, high-density
digital tapes (HDT-A's).The HDT-A data will be
transmitted via DOMSAT to the EROS Data

Center, at Sioux Falls, S. Dak., where geometric
corrections will be applied and various user pro-
ducts in both digital and film format will be produc-
ed.

The acquisition, processing, and distribution of
TM data will be more complex, primarily due to the
increased data output of the sensor and its
associated ground systems. The need to perform
engineering assessments and validations, and the
fact that it is not possible to implement a full TM
processing capability prior to launch, are also fac-
tors. Operational output of TM data products is
not expected until January 1985.

In the first year after launch,TM data will be ac-
quired primarily over the United States at a rate
of 30 scenes per day and will be stored at GSFC
for processing in the event of early failure of the
TM. From these 30 scenes, TM data will be pro-
cessed at GSFC at a rate of approximately 1
scene per day. These data will be produced in the
form of: (1)241-mm black-and-white paper prints
and film transparencies for each of the seven
bands of the TM; (2)false-color composites made
from bands 2, 3, and 4; and (3) computer-
compatible tapes.

These data will be used to evaluate the perfor-
mance of the TM and will be a closeapproximation,
in terms of format, to the standard products to be
eventually produced by the TM Image Processing
System (TIPS)within the IGF.The TIPS will begin
operation inJuly 1983. Sampledata acquired in the
first year, before the TIPS is operational, will be
distributed to EDCto permit the availability of at
least a limited amount of TM scene data. These
products will be available no earlier than approx-
imately 90 days after launch, and distribution will
be made only with NASA's concurrence. The price
structure for sales of these early data will be an-
nounced by NOAA before August 1, 1982.

When the TIPSbeginsoperation, data will be pro-
cessed at a rate of approximately 12 scenes per
day. This will continue until January 1985when the
TM ground processing systems at Goddard and all
associated Landsat 4 systems will become the
responsibility of NOAA to manage in an opera-
tional mode. Fully processed (radiometrically and
geometrically corrected) TM data will then be pro-

MSS Transition
133 MSS Scenes/Day to NOAA 12 TM Scenes/Day
Processing Capability

Landsat 4
,

La~ch 1983~, ~, "
1985

, July Sept Oct Jan Feb June July
I , Jan

,
I 16 30 31 31 1 1 31 II 31 I

i T T T
Ground 50 TM Scenes/Day

Segment TORS No, 1 TORS No.2 Transition to NOAA
Acceptance Launch Launch
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duced at a rate of about 50 scenes per day.
A paramount concern in the design and develop·

ment of the Landsat 4 ground segment has been
the necessity for generating quality data products
in a timely manner. A 48·hour turnaround in the
IGF is a design objective, and a high level of
"backup" capability using proven data processing
components has been incorporated \Nherever
possible. Ne\N image generation procedures also
altow ample margin for reprocessing a substantial
part of the production requirement each day, if
necessary, to eliminate errors caught in quality
checking.

The radiometric correction procedures have
been a subject of key interest. It is expected that,
for the MSS,a calibration·\Nedgeapproach vvillbe
used to assess absolute and band-to-band fidelity
during Landsat 4 operation, and scene content
histogramming vvillbe used to monitor detector·to·
detector gain and bias and to achieve the ± 1quan·
tum level specification. On the TM, a series of
three lamps vvill be operating at different inten·
sities to provide eight levels of calibration intensity
over the range of response for the instrument.

The geometric correction specifications for M55
and TM data are quite stringent, especially for the
TM. The improved attitude control capability of
Landsat 4 may expedite the processing of MSS
data in particular. Hovvever , the installation of the
angular displacement sensor on the TM reflects
the concern for the so-called'Jitter" effects that
can result from the interaction of the scan vibr-a-
tions produced by the M55 and TM mirrors and
the drive mechanisms of the TDRS antenna and
the solar array. The information provided by the
angular displacement sensor vvill be used to ac-
count for high·frequency vibrations that may af-
fect the berrd-t.o-berrd registration and other
geometric specifications already noted.

Corrections by the ground processing system
must also be made to account for off-riadir C'bovv-
tie") effects and scan gap or overlaps in TM data

TABLE 4

Landsat 0 Ground Segment Performance Requirements

Turnaround: 48 hours after receipt of raw
sensor data at GSFC to
generation of archival pro-
ducts (vvorst-case averaged
over 10 days).

Radiometric error correction
(relative interdetector):

± 1 quantum level over full
range.

Geometric error correction
(nominal conditions with
ground control points):

0.5 sensor pixel (90 percent of
the time with sufficient
ground control points that can
be correlated).

Temporal registration error: 0.3 sensor pixel (90 percent of
the time with sufficient con-
trol points that can be cor-
related).

Map projections supported: Space Oblique Mercator.

Universal Transverse Mer-
cator/ Polar Stereographic.

Resampling al90hthms
supported:

Cubic convolution or nearest
neighbor.

that may occur because of normal variations in or-
bital altitude.

Algorithms to account for the effects mention·
ed above, and others, are being developed and vvill
be supplemented to attain the geodetic and tem·
poral registration requirements specified for Land-
sat 4 data. The selection and use of ground control
points vvill be an integral part of the overall pr-o-
cess and vvillbe an especiallychallengingprocedure
\Nhere the accuracies needed for the TM data
become involved. Table 4 summarizesa fe\N of the
major performance requirements of the Landsat 4
ground segment.

EROS Data Center
The EDC portion of the Landsat 4 ground seg·

ment vvillhandle any additional processing of the
data not done by Goddard. This includes final f'or-
matting of the data into user products, the ap·
plication of optional corrections and
enhancements as specified by users, and the
operation of all inquiry, order, accounting, and data
base management functions as necessary to
maintain a central user archive and data dls+ribu-
tion center. One of EDC's rrevv responsibilities in
the Landsat 4 period is to receive and process
user requests for sensor acquisitions. Some
preliminary information on this "special·
acquisition" system can be found in the article
f'ollovvirvqthis one.

As mentioned earlier, radiometrically corrected
MSS scene data in digital form (HDT-A's)vvill be
transmitted via the DOMSAT link from Goddard to
EDCas they are nO\Nfor Landsat 3. Upon receipt,
these data vvill be recorded by 14·track high·
density digital tape recorders equipped \Nith error·
detection·and·correction circuitry.

The data vvillthen be processed by a computer·
based production system called the EROSDigital
Image Processir;]g System (EDIPS).EDIPS is a
cos+orn-bultt, real·time data processing system
that can read digital image data from HDT's,apply
geometric corrections, optionally perform certain
kinds of image enhancement processing,and, firial-
lv, record the processed data on high·resolution
photographic film or standard·density cornputer-
compatible tapes (CCT's).Both types of products,
film and tape, are archived at EDCin a central data
base from vvhtchusers can order reproductions.

In the standard processing mode, MSS sensor
data are geometrically corrected to remove
distortions caused by the sensor scanning
mechanism, spacecraft attitude and orbital oosl-
tion variations, aspect ratio, Earth rotation, Earth
curvature, and other systematic effects. These
corrections are applied using ancillary data provtd-
ed on the HDT received from Goddard. They per-
mit the image to be conformed to a simple oblique
Mercator coordinate system. In the case of Larid-
sat 4, that system vvillbe the 5pace ObliqueMer·
cator (SOM)projection; the pixel resampling techni·
que used to create this projection vvillbe the cubic
convolution technique.

In addition to the geometric corrections, r , a
histogram of pixel brightness values is generated
for each image, and an image enhancement
algorithm designed to compensate for at'·

9
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mospheric scatter (haze) is applied.
Several other enhancements, map projections,

and corrections of various kinds are available to
the user should a nonstandard product be desired.
Usually, orders for either tape or photographic
products are completed and shipped within 10
working days after receipt.

When placing an order for a CCT, the user must
specify the data type (radiometrically corrected
only or both radiometrically and geometrically cor-
rected), the tape bit·density (800·, 1600·, c or
6250·bpi), and the scan-line sequence (band-
sequential or band·interleaved·by-line).

Photographic products are generated from a
master film negative printed by the EDIPS Ipser
beam recorder. Black·and·white images, on either
film or paper, and false·color composite images are
available at a variety of enlargement sizes. All
reproduction prints are individually analyzed to
select an exposure that will reproduce the rnaiori-
ty of image detail within the linear (usable) portion
of the tone reproduction curve.

As noted previously, limited amounts of TM data
may be made available to the user community
beginning approximately 90 days after launch of
Landsat D. These data will be in the form of
241 -rnrn (9-in.)photographic prints as well as digital
products. Studies are in progress at this time to
determine the exact form that standard TM user
products will eventually take.

It is currently planned that high-resolution film of
fully corrected TM scenes will be shipped by corn-
mon carrier to EDC for placement in the central ar-
chive and generation of reproductions for sale.
Digital magnetic tapes in CCT format are also plan-
ned, again to be provided by Goddard and drs+rtb-
uted to users by EDC.

Inquiries concerning Larids a+ 4 data products of
all types are invited by EDC. Information on for-
mat, processing life, availability, price, and other
matters of concern to the potential user may be
obtained by contacting:

User Services Section
US. Geological Survey
EROS Data Center
Sioux Falls, SD 57298
telephone: (605) 594-6151.

\
MSS ACQUISITION REQUESTS

When the Landsat 4 MSS becomes operational,
acquisitions by the MSS sensor will be scheduled in
large part in response to user requests. These re-
quests will be received by EDC, who will cori-
solidate all requirements for specific MSS scenes,
handle the associated billing and accounting func-
tions, and forward the acquisition requirements to
Goddard for scheduling.

Implementation of this system will represent a
significant change in acquisition policy in that it will
give first priority to those users who have
specified scene requirements and are willing to
bear the cost of acquiring these scenes. Any re-
maining MSS acquisition capacity will be used as
much as possible to collect additional data which,
although not specifically ordered in advance,
would constitute a Basic Data Set of scenes deem-
ed likely to be used at some future time.

The User Services Section at EDC will process
the customer's MSS .acquisition requests and pro-
vide periodic status reports to each customer.
Customers will be expected to consider and then
furnish the f9110wing information when requesting
a sensor acquisition:

1. Geographic area of interest, by latitude and
longitude.

2. Date(s) of coverage desired
3. Maximum acceptable cloud cover.
4. Data compression mode (compressed or de-

compressed).
5. Sensor gain (high or low).
6. Type of final products desired after success-

ful acquisition.
Payment sufficient to cover all costs must ac-

company each request. Refer to issue No. 21 of
this newsletter (dated Jan. 1982) for a price list.

EDC's User Services Section will be happy to
assist prospective requesters. The telephone
number is (605) 594-6151. Written queries may be
addressed to:

User Services Section
US. Geological Survey
EROS Data Center
Sioux Falls, SD 57198
telephone: (605) 594-61 51

THE
MSS BASIC OAT A SET

Landsat 4 MSS data acquisitions will be partly
determined by the requirements of what is known
as the MSS Basic Data Set.

The scenes acquired for this Basic Data Set will
represent the more routine data collection ac-
tivities of the satellite. To determine the criteria
that should be used to select MSS Basic Data Set
scene candidates, NOAA held a series of public
meetings this spring to solicit opinions from the
user community. NOAA will publish a description of
the MSS Basic Data Set late in 1982 in order to in-
form users of which MSS scenes they can expect
to be collected under this program. Although Basic
Data Set collections are not guaranteed, NOAA
pledges a "best effort" to complete them. The ar-
chive of Landsat products thus built will be
available for purchase without an initial special-
acquisition fee being attached. The coverage pro-
vided will also be relatively systematic and
repetitive, as long as higher-priority special acquisi-
tions do not preempt system capabilities.

Regardless of how obtained, routine collection
or customer·requested, all Landsat MSS data pro-
ducts will be entered into the public domain.

Inquiries regarding MSS Basic Data Set acquisi-
tion policy may be addressed to:

National Oceanic and Atmospheric
Administration (NOAA)

National Earth Satellite Services
User Affairs Division, Sx32
Federal Building 4, Mail Stop D
Washington, D.C. 20233.

to
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PRINCIPAL INVESTIGATORS
SELECTED

'Nere submitted vver e individually evaluated by a
panel of peers from universities, private industry,
and Government agencies. Of these, 24 'Nere pr-o-
visionally selected for participation in the program.

A list of the investigators and the titles of their
proposals are provided belo'N.The L10QAprogram
vvill extend, in general, from the time of Landsat
4's launch through January 1985.

To help characterize the performance of the
Landsat 4 ,system and the products obtained
from it, an investigator team representing the
user community vvas recently selected to study
and document certain areas of special interest.
The selections vver e made based on response to
the Landsat 0 Image Data Quality Analysis (L10QA)
Application Notice issued October 23, 1981 (see
issue No. 20 of the NOTES).The 50 proposals that

PRINCIPLE INVESTIGATOR
James Anderson

AFFILIATION
NASA/Earth
Resources
Laboratory

PROPOSAL TITLE
Landsat scene·to-scene
registration assessment.

Paul Anuta Purdue Universityl
Laboratory for Applications
of Remote Sensing (LARS)

ReseC3rch on Landsat 0 image
data quality analysis.

Lee Bender U.5. Geological
Survey

Evaluation of radiometric and
geometric characteristics of
Landsat 0 imaging systems.

Ralph Bernstein IBM Corporation Landsat 0 sensor and system
data analysis and image science.

Robert Colvvell University of
California, Berkeley

Analysis of the quality of
image data acquired by the Landsat
MSS.

Jeffery Dozier University of
California, Santa Barbara

Landsat 0 investigations in land
cover and sno'N hydrology.

Jon Erickson NASAfJohnson
Space Center

TM and TM image processing
system performance in agricultural
applications technique development.

John Everett Earth Satellite
Corporation

Evaluation of Landsat 0 TM
performance as applied to
hydrocarbon exploration.

Charlotte Gurney Systems and Applied
SciencesCorporation

The use of linear feature detection
to investigate TM data performance
and processing.

Charles Hill NASA/Earth Resources
Laboratory

Evaluation of Landsat 0 TM and MSS
resource information requirements.

Warren Hovis NOAA/National
Earth Satellite
Service

Development of atmospheric correc-
tion procedures and post-launch calibra-
tion validation for the Landsat 0 TM.

Michael Jackson Natural Environment
Research Council,
United Kingdom

Spatial analysis of TM products.

Hugh Kieffer U.S.Geological
Survey

Geometric and radiometric characteri-
zation of Landsat 0 TM and MSS
data.

Donald Lauer U.5.Geological
Survey

Investigations of TM and MSSdata
applications.

1 1
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Robert MacDonald NASAlJohnson
Space Center

William Malila Environmental·
Research Institute
of Michigan

William Malila Environmental
Research Institute
of Michigan

John Price u.s. Department of
Agriculture! Agricultura I
Research Service

John Schott Rochester Institute
of Technology

PhilipSlater University of
Arizona

W.M. Strome Canada Centre for
Remote Sensing,
Canada

Roy Welch University of
Georgia

Robert Wringley NA5A!Ames Research
Center

Albert Zobrist NA5AIJet Propulsion
Laboratory

Landsat D image data analsyis.

Spectral/Radiometric characteristics
of the TM.

Radiometric consistency
of Landsat D MSS.

Information content of data from
the Landsat D TM and M55.

Evaluation of the radiometric
integrity of Landsat D band 7 data.

Spectroradiometric calibration of
TM and MS5 systems.

Evaluation of Landsat D MSS
and TM data.

Comparative assessment of Landsat D
M5S and TM data quality for mapping
applications in the Southeast

An investigation of several
aspects of Landsat D data quality
for the L1DQAprogram.

Evaluation of Landsat D TM and
MSSground segment geometry
performance without ground control.

SIMULATED TM OATA BEING
STUDIED AT EDC

Inanticipation of the availability of Landsat 4 TM
data, numerous Government, academic, and
private research organizations have been conduc-
ting studies of aircraft-acquired data from scan-
ners which provided spectral and spatial resolu-
tion characteristics similar to those of the TM on
Landsat 4. Most of these studies have been
directed toward evaluating the additional benefits,
in terms of specific problem-oriented applications,
which can be expected from TM data. Notable suc-
cess, for example, has been demonstrated in the
area of improved lithologic discrimination, par-
ticularly in the identification of zonesof hydrother-
mal alteration in sparsely vegetated areas. Such
success is primarily a result of data acquired in the
2.10-to 2.34-/Lm region of the electromagnetic
spectrum (which corresponds to TM band 7).
Hydrous minerals, which are a dominant consti-
tuent of most hydrothermal alteration zones, ex-
hibit strong absorption bands in this region and
result in unique spectral signatures on images pro-
duced from data which include this portion of the
spectrum.

Studies are currently being conducted at EDCto
evaluate the capabilities of TM data in
discriminating lithologic variations in sedimentary
rocks and in detecting surficial effects related to
subsurface hydrocarbon occurrences. TM
Simulator (TMS)data have been acquired by NASA
over selected areas in the Uinta and Piceance
sedimentary basinsof northeastern Utah and nor-
thwestern Colorado, and they are being studied
along with high-spectral-resolution (up to 950
bands between 0.34 and 2.58 /Lm) ground and air-
borne spectroradiometric data collected from the
same areas. The ground and airborne data are be-
ing used in the calibration of the TMS data as well
as in designing optical digital image processing
techniques to be applied to the TMS data.
Although the work is not complete, initial results
show that TMS data acquired over the Split Moun-
tain errtictirie(east of Vernal, Utah) can be digitally
processed to produce images which permit
significantly better separation of sedimentary
units than can be accomplished with images pro-
duced from Landsat MSSdata.
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NEW CCT FORMAT
TO BE IMPLEMENTED

Concurrent with the launch of Landsat 4, EDC
will begin offering computer·compatible tapes
(CCT's)of Landsat MSSdata in a new format. This
format will conform to the guidelines recommend-
ed by the Tape Standards Committee of the Land-
sat Ground Station Operators Working Group, as
announced in issue No. 21 of this newsletter last
January.

The CCTformat now being used will be retained
for approximately 1 year after launch, meaning
that two formats will be available for a period of
time. The format now being used is referred to as
the Landsat MSS VERSIONO. The new format is
referred to as the Landsat MSSVERSION1.Both
the VERSION0 and the VERSION1formats will be
available for any Landsat MSSdata acquired after
January 1, 1979, until VERSION0 is discontinued.
At that time, VERSION1 will be the only CCTdata
format available. The old "CCT-X" format will still
be used for any data acquired before Jan. 1, 1979.

Documentation of the new Landsat MSS VER-
SION 1 format and sample CCT's (at a reduced
price) can be obtained from EDC.Interested users
should contact:

User Services Section
US. GeologicalSurvey
EROSData Center
Sioux Falls,SO57198
telephone: (605)594-6151

SYMPOSIA

A symposium entitled Advances in Instrumen-
tation of Processingand Analysis of Photogram-
metric and Remote Sensing Data will take place
August 30 to September 3, 1982, in Ottawa,
Canada. It is sponsored by Commission IIof the In-
ternational Society of Photogrammetry and
Remote Sensing.A call for papers has been issued.
For further information, contact Z. Jaksic, Presi-
dent, Commission II(lSPRS),Division of Physics, Na-
tional Research Councilof Canada,Bldg.M-36,Mon-
treal Road, Ottawa, Ontario K 1A OR6, Canada,
telephone: (613)993-2074.

A National Conference on Energy Resource
Management will be held September 9-12, 1982, in
Baltimore, Md. This conference is being jointly
sponsored by the American PlanningAssociation's
Energy PlanningDivision and the Eastern Regional
Remote Sensing Application Center (ERRSAC)of
NASA's Goddard Space Flight Center. The objec-
tive is to bring together professionals in the field
of energy resource management, energy facility
sitings, energy resource extraction, remote sens-
ing, geographic information systems, and related
disciplinesfrom the United States and other coun-
tries. Participants will focus on the use of remote
sensing in these disciplines.Information about the
conference can be obtained from Yale M. Schiff-
man, The MITRECorporation, 1820 Dolley Madison
Blvd., McLean, VA 22101, telephone: (703)
827-7243.

The International Society for Photogrammetry
and Remote Sensing will host a symposium in
Toulouse, France, September 13-17, 1982. The
symposium will present the activities of the Socie-
ty's Commission VII working group relevant to
two main subjects: (1)the methodologies for joint
operational use of photogrammetry and remotely
sensed data and (2)the use of a new generation of
operational satellites that should be available in
the 1980's. An international exhibition will be held
concurrently with the symposium. For further in-
formation, contact:

Groupement pour Ie developement
de la Teledection Aerospatiale
18,avenue Edouard-Belin
31055 Toulouse Cedex, FRANCE
Tel: (61)53.11.12

A symposium entitled Resources Survey for
Land Use Planningand Environmental Conserva-
tion will be held October 20-22, 1982, at the Indian
Photo-Interpretation Institute, under the auspices
of the Indian Society of Photo-Interpretation and
Remote Sensing, Dehra Dun. The symposium will
be co-sponsored by many national departments
and institutes. All correspondence related to the
symposium may be addressed to Prof. D. P. Rao,
Organizing Secretary (lSPI&RS), Indian Photo-
Interpretation Institute, 4 Kalidas Rd., Dehra
Dun-248001,U.P.(INDIA).

SHORT COURSE ON
NATURAL RESOURCE SURVEYING

The Cranfield Institute of Technology, in Bed-
ford, England, has announced plans to repeat a
5-day short course it held last January on the sub-
ject of "Remote Sensing for Natural Resource
Surveying." The course was run by the Faculty of
Agricultural Engineering, Food Production, and
Rural Land Use,and it consisted of an intensive lec-
ture program combined with case studies and
practical exercises stressing remote sensing ap-
plications and computer-aided image analysis.

Those who are interested in attending such a
short course in the near future are invited to con-
tact Dr. J. C. Taylor, c/o The Short Course
Secretary, National College of Agricultural
Engineering, Silsoe, Bedford, MK45 4DT, United
Kingdom.

PUBLICA TIONS

The University of Rhode Island's Marine Ad-
visory Service has announced a new reference
manual entitled A Guide to Environmental
Satellite Data. The document is designed par-
ticularly for scientists wishing to use satellite
remote sensing as a tool for studying the coastal
and ocean environment, but its use would not be
restricted to this purpose. The 469-pagevolume is
priced at $20. Inquiries should be made to the
University of Rhode Island, Marine Advisory Ser-
vice, Publications Unit, Naragansett Bay Campus,
Naragansett, RI 02882.

13
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SELF-INSTRUCTIONAL MODULES
IN REMOTE SENSING

Purdue University has announced the release of
six self·instructional. audiovisual modules dealing
vvith remote sensing topics. Each module, or "mini-
course," consists of 35-mm color slides, an audio
tape, a printed study guide, and in many cases ad-
ditional maps and photographs. The instructional
level is appropriate for both professional training
and university courses. Produced by the Labor-
atory for Applications of Remote Sensing (LARS)
at Purdue, these nevv modules augment a collec-
tion of 19 units released previously as part of the
LARS Fundamentals of Remote Sensing series.
The nevvly released titles are as follovvs:

• "Principles of Photointerpretation"
• "Interpretation of Thermal Energy"
• "Mineral Exploration Using Satellite Data"
• "Selecting Landsat Imagery"
• "Photogeology"
• "Spectral Measurements for Field Research"
For further information about these and other

remote sensing instructional materials available
from Purdue, contact Gerald W. O'Brien, Director,
Division of Independent Study, 116 Stevvart
Center, Purdue University, West Lafayette, IN
47907, telephone: (317) 494-7231.

STATUS OF GSFC
DIGITAL PROCESSING

The backlog of Landsat digital processing at
GSFC, vvhich has been tracked in the chart belovv
for the last several issues, has recently been
eliminated. As shovvn by the shaded areas in the
chart, all processable Landsat MSS and RBV data
acquired through July 1, 1982, have been process-
ed and sent to EDC.

LANDSAT DIGITAL PROCESSING
STATUS AT GSFC

(RADIOMETRICALLY CORRECTED DATA ONLY)

MSS RBV
January

February
March

April
May
June
July

August
September

October
November
December

N/A N/A
N/A N/A.
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A
N/A
N/A
N/A

'79 '80 '81 '82 '79 '80 '81 '82

= Prior to digital operations; no backlog incurred.
= Digital processing backlog closed out; all scenes at EDC.

NOAA'S MANAGEMENT OF THE
OPERATIONAL LANDSAT SYSTEM

[The following remarks were contributed by
NOAA's National Earth Satellite Service]

NOAA's National Earth Satellite Service (NESS)
has managed this nation's operational vveather
monitoring satellite programs since the beginning
of this activity in the early 1960's. Through the
years, this agency has maintained reliable opera-
tional polar-orbiting and geostationary satellite
systems vvhich provide, along vvith more obvious
vveather and ocean services:

• Information needed to track severe storms
and hurricanes more closely.

• Measurements of the temperature and vvind
at various levels of the atmosphere for use in
vveather forecasting.

• Locations of ocean temperature fronts, signifi-
cant in efficient maritime navigation as vvell as
locating commercial quantities of fish.

• Estimates of the amount of rainfall in potential
flash flood situations.

All such services must be provided under tight
timelines, 24 hours a day, every day of the year,
and NOAA/NESS has consistently met this
challenge.

These NOAA operational characteristics, and its
experience, organization, approach, '-and perfor-
mance, influenced the decision to implement the
operational Landsat program under NOAA
management. In fact, experience vvas cited in the
announcement that assigned Landsat to NOAA in
1979.

Duplicating this success in its Landsat activities
is the NOAA goal. NOAA has a Landsat manage-
ment team in place and preparations for taking
over the operation, after the system is checked
out, are vvell undervvay.

NOAA vvill be the single manager of the opera-
tional Landsat program, responsible for
spacecraft scheduling, ground processing and pro-
duction, and customer services. Single agency
management vvill assure customers of a single
point of contact for all Landsat services and vvill
ellovv NOAA to fit the system's pieces-satellites,
ground facilities, communications, and people-to
the single purpose of supporting customers.

Customer service and efficient production are
the cornerstones of the NOAA operation. When
NOAA vvas assigned the Landsat operational
system in November 1979, it began a program to
inform and gain feedback from interested in-
dividuals and organizations. This contact continues
today vvith a series of meetings scheduled
throughout the country in May and June to solicit
vievvs from the user community concerning the
makeup of the routine collection of data from
Landsat. This routine collection program has been
called the Basic Data Set (the subject of an article
elsevvhere in this issue).

Single-agency management of the Landsat
operation vvill allovv NOAA to achieve efficiency in
production. NOAA plans to have all requests for
Landsat data forvvarded to EDC. There, these re-
quests vvill be divided into retrospective and
special acquisitions. Retrospective requests vvill be

14
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filled directly from the archive; specialacquisitions
will be forwarded to the spacecraft command and
scheduling activity at Goddard for spacecraft
scheduling.Eachorder will be tracked from beginn-
ing to end in a specialdata base that will have the
up to-the-minute status of each order.

As the single manager of the total system,
NOAA will be in a position to plan and control the
production of Landsat products in the most effi-
cient manner. This is all the more important today
as the cost of the operation must be recovered
through fees charged to users.

With the cooperation of the customer communi-
ty and NOAA's two decades' experience in opera-
tional production, the Landsat program will deliver
cost-effective solutions to the problem of Earth
resources monitoring.

EDC COURSE ANNOUNCEMENT
The EROSData Center will be offering a training

course entitled The Role of Remote Sensingin a
Geographic Information System from December
6-10, 1982. This specialized course will emphasize
the contributions of remotely sensed and other
kinds of spatial data (includingterrain models) to
geographic information systems, as well as the
types of spatial analyses commonly used for
natural resource applications.The course isdesign-
ed for remote sensing analysts and resource
specialists and assumes an understanding of the
fundamentals of remote sensing. For more infor-
mation, contact the Chief, Training and Assist-
ance, Branch of Applications, U.s. Geological
Survey, EROSData Center, Sioux Falls,SO57198.

REMOTE SENSING TRAINING
Aug.2-S Remote Sensingand DigitaJlmage

Processing (San Francisco, Calif,)
Contact: Dr. Ed Winter, Technical
Research Associates, 350 N. Lan-
tana, Suite 661, Camarillo, CA
93010, telephone: (805)987-1972.

Sept. 13-17 Applying Remote Sensirig Tech-
niquesto the Marine Environment
(Washington, D.C.)Contact: Conti-
nuing Engineering Education,
George Washington University,
Washington, D.C.20052, telephone:
(202)676-6106.

Oct. 4-8 The Application and Processing
of Landsat Data (Murray, Ky,) Con-
tact: Dr. Neil V. Weber-, Director,
Mid-America Remote Sensing
Center, Murray State University,
Murray, KY 42071, telephone: (502)
762-2148.

Oct. 18-22 Remote Sensing for Global Re-
source Applications (Washington,
D.C.)Contact: Continuing Engineer-
ing Education, George Washington
Univeristy, Washington, D.C.20052,
telephone: (202)676-6106.

Oct. 2S-29 Digital Image Processingof Earth
Observation Sensor Data (Wash-
ington' D.C.) Contact: Continuing
Engineering Education, George
Washington University, Wash-
ington, D.C.20052, telephone: (202)
676-6106.

EDC LANDSAT PRODUCTION STATISTICS

9.6 9.7 15.4 4.3 5.9 9.7 6.9

Dec. '81 Jan. '82 Feb. '82 Mar. '82 Apr. '82 May '82 6·Month Total
MSS RBV MSS RBV MSS RBV MSS RBV MSS RBV MSS RBV MSS RBV

Landsatscenesacquired
(satelliteacquisitions)* 1,464 411 1.191 406 839 260 1.263 465 2.504 626 2.158 544 9,419 2.712

LandsatMSS scenes/RBV
subscenesreceivedat EDC 2.464 2.735 1,500 3,650 1.147 3.362 945 3.222 1.847 1,744 1.562 1.711 9,46516,424

*Figures are revised periodically to reflect updated information received from NASA.

1S

8.0 8.6

Standardphotographic
products........................ 20 17 9 10 13 13 -
Standarddigital
products........................ 14 9 6 6 12 7 -

Landsatphotographic
framessold.......................... 8,258 7.117 8.078 5,860 9,076 7.385 45,774

Landsatdigital scenessold ............ 351 208 263 280 181 497 1.780

L TOTALLANDSATDOLLARVOLUME .. $221.788 $182.828 $224,076 $185.240 $213.641 $262.242 $1,2B9,815

Average delivery time in
days from receipt of order
at EDCto shipment:

Average time in days from
EDCreceipt to archive
availability 22.8 14.0 31.1
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EDC TRAINING SCHEDULE

Aug. 30-
Oct. 1

Nov. 1-5 Hydrology Information Workshop
(Sioux Falls, S. Oak.) Open enroll·
ment. Contact: Chief, Training and
Assistance, Branch of Applications,
US Geological Survey, EROSOata
Center, Sioux Falls, SO 57198,
telephone: (605)594-6114..
Advanced Geological Workshop
(Sioux Falls, S. Oak.) Open enroll-
ment. Contact: Chief, Training and
Assistance, Branch of Applications,
US. Geological Survey, EROSOata
Center, Sioux Falls, SO 57198,
telephone: (605)594-6114.
Role of Remote Sensingin a Geo-
graphic Information System (Sioux
Falls,S. Oak.)Open enrollment. Con-
tact: Chief, Training and Assist-
ance, Branch of Applications, US.
Geological Survey, EROS Oata
Center, Sioux Falls, SO 57198,
telephone: (605)594-6114.

International Remote Sensing
Workshop: ApplicationsinVegeta-
tion Assessment and Land Use
Planning (Sioux Falls, S. Dak.) Open
to non-US. scientists, Contact: Of-
fice of International Geology, US.
Geological Survey, National Center,
Mail Stop 917, Reston, VA 22092,
telephone: (703)860-6418.
Introduction to Remote Sensing
for Land Cover Mapping (An-
chorage, Alaska) Open enrollment.
Contact: Chief, USGS/EROSField
Office, 218 'E' Street, Anchorage,
AK 99501. telephone: (907)
271-4065.
Terrain Analysis: Interpretation
of Aerial Photographs and Images
(Sioux Falls, S. Oak.)Contact: Coor-
dinator, Continuing Education Pro-
gram, Harvard Graduate School of
Oesign, Gund Hall, L-37, Harvard
University, Cambridge, MA 02138,
telephone: (617)495-2578.

Nov. 15-19

Sept. 13-17

Dec. 6-10

Oct. 25-29

The Landsat Data Users NOTES is published bimonthly in order
to present information of interest to the user community
regarding Landsat products, systems, and related remote
sensing developments. There is no subscription charge; in-
dividuals and organizations wishing to receive the NOTES
should contact the User Services Section, US. Geological
Survey, EROS Data Center, Sioux Falls, SD 57198, U.5.A.,
telephone: (605)594·6151.

Comments, corrections, and other Inquiries should be directed
to:

Editor, Landsat NOTES
U.5. Geological Survey
EROS Data Center
Sioux Falls. SD 57198
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