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OVERVIEW OF REMOTE SENSING

By Robert N. Colwell

A. Rationale for the Remote Sensing of Natural Resources.

(The 3-step process of inventory, analysis and implementation leads
to better resource management and envirommental protection)

B. Terminology

New More Inclusive Terms Corresponding 0ld Terms
1. Remote Sensingi 1. Photo Reconnaissance
2. Sensor . o B 2. Camera
3. Imagery 3. Photography
4, Image Analyst 4. Photo Interpreter
5. Data Reduction by Humans 5. Photo Interpretation
6. Computer Assisted Analysis 6. No Corresponding Term

C. Important Historical Events |
1. Remote sensing observations of our progenitor, the cave man.

2. Observation regarding the properties of light, as made by ancient
philosophers in about 350 B.C. '

3. Development.of the camera obscura in the l4th century.
4. Development of the first practical photography in about 1840.

5. First successful attempts in the development of aerial photography
in the 1850's.

6. The development of roll films and navigable camera platforms
(aircraft)at about the turn of the century .

7. The impetus given to remote sensing by World War I.

8. The tremendously increased availability, during the 1930's, of
aerial photographs for use by the managers of natural resources.

9. The impetus given to remote sensing by World War II.




10. The development of color and infrared-sensitive films, largely
during the 1930's and early 1940's.

11. The post-war surge of interest in photo interpretation throughout
the 1940's and early 1950's,

12. Improvements during the past quarter century in sensor plat-
forms, sensor systems and data analysis capabilities.

D. Basic Matter and Energy Relationships (see Fig. 1)
ﬁ*l‘ Nature of Electromagnetic Energy
2. Relationships between wavelength, frequency and velocity
3. Sources of electromagnetic energy
4. The concept of "spectral bands"
5. Interactions between matter and energy
6. Atmospheric transmission and "windows"
7. Detectors used in various parts of the e-m spectrum
E. Remote Sensing Devices
1. Conventional Camera (See Fig. 2A)
2. Panoramic Camera (See Fig. 2B)
3. Mulitband Camera
4, Optical Mechanical Scammer (see Fig. 3)
5. Side Looking Airé;rne Radar Device (SLAR) (see Fig. 4)
6. Gamma Ray Spectrometer
7. Landsat's RBV and MSS systems
F. Photographic Films and Filters (see Fig. 5)
G. Remote Sensing Platforms
1. Conventional Fixed Wing Aircraft
2. High Performance Fixed Wing Aircraft

3. Rotary Winged Aircraft




Manned Spacecraft
Unmanned Spacecraft
a. From which film is recovered

b. From which digits are telemetered to Earth

H. Fundamentals of Photographic Interpretation

o

J.

1.

10.

Procedures for storing and retrieving photos
Procedures for manipulating photos
Procedures for scanning photos

Convergence of Evidence

The confergnce system

Equipment for viewing, measuring, plotting
Optical enhancement of images

Electronic enhancement of images

Photo Interpretation keys (see Fig. 6)

Considerations in selecting and training photo interpreters.

Fundamentals of Computer-Assisted Anmalysis

The pixel-by-pixel record of scene brightness

Digital tone signatures based on spectral respomnse patterns

Linear expansion to the full dymamic range
Histogram equalization

Supervised vs. unsupervised classification

The Multi Concept

(Multiband; Multidate; Multistage; Multipolarization; Multienhancement;
Multidisciplinary analysis; multithematic presentation)

Interface between Humans and Machines

1

~ e

Humans are best for perceiving differences in spatial relationships



2. Machines are best for quantifying differences in scene
brightness

3. Unless a parameter can be digitized, "it does not compute'
L. Some Near-Term Predictions

1. Globally uniform inventories

2. TFaster delivery of remote sensing data

3. Data compression

4, Improved resolution

5. Improved change detection

6. Space photos will replace orﬁh&photos

7. Improved understanding of the human vs. machine "interface"

8. Increased rating of areas as simply or complexly structured
9. TIncreased borrowing of techniques frém other disciplines
10. Increased use of "synthetic stereo"
11.. Increased use of "shadow parallax"
12. More useful resource classification schemes (See Fig. 7)
13. More rational uses of the.“multi" concept
M. Some Useful References
1. Manual of photographic interpretation

2. Manual of color aerial photography

3. Manual of remote sensing

4, Other Teferences
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Magazine
Drive Mechanism

(Detail not
shown)
Cone = Incident Nodal Point
= Emergent Nodal Point
Lens

Altitude of Photography
= Focal Length

SROUNC

Figure 2A.-- A Conventional Aerial Camera

TAKE-UP SPOOL SUPPLY SPOOL

 MAGAZINE — u o
' DATA.
G = RECORDING

© @& : Tuse

FILM <

SCAN ARM
IN READY POSITION

Figure 2B.--" Panoramic Aerial Camera
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Figure 4.-— Side-Looking Airborne Radar (SLAR) equipment




PREDICTION OF PHOTOGRAPHIC TONES FROM SPECTRAL ANALYSIS

LIGHT SCATTERING BY
ATMOSPHERIC HAZE
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Figure 5 —- 4n example of the value of multiband spectral reconnaissance

for differentiating four surfaces (grass, asphalt,
soil) that could not have been differentiated on a single black-

cement and

and-white film-filter combination.
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List of Photo Image Characteristics
for Features in a Wildland Area

Type of Feature Tone Texture Other Characteristics
=Rock L(light) R(rough)

G=Grass L S (smooth) Stream meanders
T=Trees D(dark) . R

S=Shrub D S

B=Bare Soil . L S

W=Water D S Light-toned shoreline

Dichotomous Photo Interpretation
Key based on Tabulations Appearing in Table above

Tone Light..,,,.....o.........,m......,.q.,......................See 2

Tone Dark.ocoo.-o-oo-oo-o-..uco.o-ooo-o-o-nol-.-co.oo-occao-cl-onsee 4

2. TexXture ROUGR.co<ceecescsccssososesssesoscsssossssscscassscsss Rock

2. Texture SMOOEtR...ccceco0eececssecssccessscsasasccscnssose e See 3
Stream Meanders PreSeNt.c.cccceececsesccacscssososseasasesccsssascs .Grass
Stream Meanders absent,....-...,....,...,.........,.° ............. Bare Soil
4. Texture ROUGA.cececevceccscscescasccossccasessaasses P s of -1 -1

4., Texture SmMOOTtHccccoecoecescsesacsosesosssscaecsassessnsssasssses See 5
Perimeter light in tone, forming a shorelin€........ S e s s e e water
Perimeter dark in tone, shoreline absent...c.c.ccosesasescaccccas Shrubs

Fig. 6 =-- Top: The photo image characteristics

Bottom: The dichotomous photo interpretation key
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Step 1. ACQUISITION OF DATA

Specify spectral and spatial resolution characteristics of sensors,
atmospheric constraints, target illumination and the weight, power
and volume reguirements of the sensors. Specify performance charac-
teristics of vehicles needed to transport the sensors, including
speed, attitude control, service ceiling, stay time and ability to
satisfy weight, power and volume requirements of the sensor package.

Stép 2. STORAGE AND RETRIEVAL OF DATA

Specify the model or models that will best facilitate the storage

of data and its retrieval periodically by those who are to convert
the data into information that will satisfy specific requirements of
the various users.

Step 3. CONVERSION OF DATA INTO INFORMATION THAT WILL SATISFY USER REQUIREMENTS

Establish the signature for each type of earth resource feature
that is to be identified as a function of its spectral, spatial,
goniometric and temporal characteristic. By proper use of humans
and ADP machines, provide an in-place delineation, area-by-area, of
each type of earth resource, including vegetation type, soil type,
water quantity and quality, topography, culture and multiresource
interrelationships.

Step 4. DEFINITION OF USER REQUIREMENTS FOR INFORMATION

Precisely define the kinds of earth resource information needed by
those who must develop and implement management plans and policy
decisions; also define the speed with which these types of information
must be provided following acquisition of remote-sensing data, and

the frequency with which these kinds of resource information are
Tikely to be needed by the various users.

Step 5. DEVELOPMENT OF MANAGEMENT PLANS

Determine e.g., how best to manage the watershed with a view to
multiple use management; also how and where to store water and to~
develop and distribute hydro-electric power from it and how best to
transport water to farmlands, urban areas and other places of water
consumption.

Step 6. MAKING OF POLICY DECISIONS

Determine e.g., whether to encourage or discourage (1)the growth of
a megalopolis in a particular area, (2)the intensification of agri-
culture in a second area, etc.

Fig. 7. Steps by means of which remote-sensing techniques can be used to satisfy
information requirements of various resource management groups. On the one hand,
"hardware oriented" person is likely to view the matter as proceeding from top to
bottom. On the other hand, the 'management and policy'-oriented person is likely
view the matter as more logically proceeding from bottom to top.

I-10




REMOTE SENSING DATA PRODUCTS - TYPES AND CHARACTERISTICS

By David M. Carmeggie
U.S.G.S. EROS Data Center
Sioux Falls, SD

I. Introduction

A.

Objectives:- To identify and define remote semsing data products
available for analysis of wildlife management problems. To
describe characteristics and formats as they relate to a choice of
the data product to select for a particular analysis. To identify
the various remote sensing data products discussed, displayed, and
presented at the Symposium.

Rationale for understanding characteristics of remote sensing data
products.

1. Select data products that maximize information content and
information extractiom.

2. Select proper data for particular application.

Definitions of data product terms.

1. Remote sensing data: a record of the electromagnetic energy
within a wavelength band returnmed to the sensor by the target.
Generally presented in an image format, but also includes data
collected on mangetic tape and non-imaging sensor data such as
telemetry, gamma ray radiatiom.

2. Photographs: most common form of remote sensing data. Record
of visible and near infrared light recorded on film by a
camera sensor.

3. Photo-like image: photographic record of electromagnetic
energy collected by non-photographic imaging sensor, such as a
line-scanner. Landsat and thermal infrared data are examples
of line scan images (photo-like image) collected electronically
yet presented on photographic material for viewing.

4. Imagery: general term referring to all forms of remote sensing
data collected by imaging sensors. Includes photographs and
line-scan images.

5. Imaging/non-imaging: Refers to two different systems for
collecting remote sensing data. Imaging systems include
cameras and multispectral scanners from which a pictorial
representation of the target can be made. Non-imaging systems
produce data in the form of counts, line graphs, radio
signals, etc.

I-11



6. Magnetic tape (computer compatible tape, CCT): Refers to
storage media for remote sensing data collected electronically,
such as from a multispectral scanner. A CCT'is a magnetic
tape containing data that can be analyzed directly by computers
and displayed electromnically on a cathode ray tube (television
screen) .

D. Data products presented in Symposium.
1. Aerial photographs.

a. Conventional black and white (B/W) aerial photographs:
Panchromatic photographs semsitive to visible wavelengths
of light generally acquired at photo scales of 1:12,000 to
1:32,000. Often acquired using 2 yellow (minus blue)
filter to remove effects of haze.

b. Conventional color photographs: Normal color photographs
sensitive to blue, green, and red light acquired at scales
from 1:12,000 to 1:32,000. Often a2 haze cutting filter is
used to remove effects of haze. '

c. Conventional color infrared: Color film semsitive to
visible and near infrared light. Acquired at scales
between 1:12,000 and 1:32,000, generally exposed through a
yellow filter. Known also as infrared color, false color,
or camouflage detection film. Healthy vegetation will
appear red in color on this film. &

d. Low altitude (large scale) color/color infrared: Color .
photographs acquired at low altitude either vertically or
as obliques. Large scale photographs generally range from
1:600 to 1:5000.

e. 70 mm and 35 mm photographs: Refers to two common film
widths, available in color or black and white. Camera
systems that utilize 70 mm and 35 mm films are generally
small and lightweight, and can be used to acquire either
oblique or vertical photographs. 70 mm and 35 mm camera
systems are generally operated at relatively low altitudes;
however, 70 mm camera systems have been operated at high
altitude and aboard spacecraft (4pollo 9).

£. High altitude aerial photographs (U-2, RB-57): Photography
acquired from very high altitude, e.g. 60,000 £ft. The U-2
and RB-57 are high flying aircraft operated by NASA.
Generally small scale photographs (1:60,000 to 1:130,000)
are acquired; however, photographic scales of 1:32,000 are
acquired even at high altitude.
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Multispectral aerial photographs: Generally refers to use
of black and white panchromatic or black and white infrared
film with two or more filters to acquire photographs that
record visible and/or near infrared light in two or more
different wavelength bands. Sometimes color and color
infrared photographs are called multispectral because they
have emulsion layers sensitive to three separate wavelength
bands viz. blue, green, red (color) and green, red, near
infrared, (color infrared), respectively.

2. Aerial line-scan data: Data recorded electromnically on
magnetic tape and reconstituted-as a photo-like image.

-

Thermal infrared: Refers to data that records emitted

radiation within the wavelength interval of 2.5 - 14.0 um.
Terrain temperatures are generally recorded in the 8 -
14.0 um range. Fires are recorded in the 3.5 - 5.5 um
band. The tones analyzed on the data are relatable to
temperature differences.

Multispectral scamner: An optical-mechanical scanning

sensor with one or more detectors that can record wave-
lengths in the ultraviolet, visible, near infrared, and
thermal infrared bands of the e-m spectrum.

Radar imagery: Generally acquired using side-looking

imaging radar systems that generate their own radio wave
that is pulsed at the target. K-band radar imagery is
quite common and is a record of wavelengths ranging from

1 to 3 cm. Other radar bands include X, S, L, and P, that
record wavelengths respectively of : 3-6, 6-19, 19-77, and
77-133 cm. Radar images can be obtained night or day and
in all types of weather.

3. Landsat multispectral scanner (MSS) data.

a.

Image format: Data from the Landsat MSS sensor is

collected and transmitted electronically and reformatted

in photo-like image format or as computer compatible tapes
(CCT's) for analysis. Landsat 1 and 2 MSS images can be
acquired in four black and white bands (4, 5, 6, and 7,
sensitive to wavelengths of .5 - .6 um, .6 - .7 um,

.7 - .85 um, and .85 - 1.1 um) or as a color composite that
combines band 4, 5, and 7 data into a single color image.
The color renditions of the composite image resemble those
on color infrared film.

Computer compatible tapes (CCT's): Magnetic tpaes on which
Landsat digital data are recorded. This format is amenable
to electronic image display (television screen) and analysis
using computers.
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4., Others (non-imaging).

a. Telemetry: Use of transmitted radio signals to track
animal locations and monitor physiological responses.

b. Aerial census: Visual observations, generally of animals,
made from aircraft.

II. Characteristics of Data Products

A.

Spectral semnsitivity: The range of wavelengths the sensor or film

can record. In the case of photographic emulsions, filters are
used to restrict the sensitivity to specified wavelengths.

Image tone and color: Image tone and color can ultimately be

related back to the amount of radiation emitted or reflected from

the target to the sensor, and to the sensitivity of the sensor or

chemistry of the film. An understanding of the reflectance and/or
emittance characteristics of targets is important to the selection
of the sensor or image type that maximizes the separation between

different targets.

Format: Refers to the media on which the remote sensing data are

displayed. Generally, remote sensing data are presented in
photographic format or as magnetic tapes. For photographic
formats, image size and photographic material type are variable.
Common photographic format sizes include: 35 mm, 70 mm, 5" x 5",
9" x 9", 9" x 18". Photographic material types include: film
positives (black and white, and color transparencies), film
negatives, and paper prints (black and white, and color). Often-
times the image recording format is different than the image
analysis format. For example, color infrared photos are generally
acquired and processed as positive transparencies. A common
analysis format is paper prints at contact size or enlargements.

Resolution: Refers to the amount of detail, i.e. sharpness,

inherent in an image. It may be expressed quantitatively as the
line pairs per millimeter of black and white bars that can be
distinguished on a resolution target. High resolution refers to
very sharp detail, low resolution implies detail is poorly defined.
For line scan imagery, resolution often refers to the instantaneous
field of view (IFOV). For Landsat the IFOV is approximately 1 acre
in size. 1In reference to thermal infrared data resolution may
express the extent to which small temperature differences can be
recorded.

Scale: Photo or image scale refers to the ratio of image distance

to corresponding ground distance. Remote sensing data may be
characterized by an acquisition scale and/or by the scale of the
image as displayed for analysis. For example, high altitude air-
craft photographs acquired at an image scale of 1:120,000 may be
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enlarged four times (4x) to 1:30,000 for purposes of analysis.
Small scale photography refers to acquisition scales from about
1:60,000 to 1:400,000; conventional scales include 1:12,0QQ to
1:32,000, and large scale photographs have a scale from 1:500 to
1:5,000. Generally speaking (other factors being equal), more

detail can be seen on larger scale images.

III. Remote Sensing Data Recorded Directly on Film

A.

Black and white film types: The two primary types of black/white
film are panchromatic and aerographic infrared. Panchromatic films
are sensitive to visible wavelengths from .4 to .7 Um. Some
panchromatic films can record ultraviolet wavelengths (e.g., .3 to
.7 um). Aerographic infrared, oftentimes called black and white
infrared or near infrared film, is sensitive to visible and near
infrared wavelengths of light (e.g., .4 to 1.0 um). A near
infrared filter (that blocks out visible light and passes only near
infrared light, .7 to 1.0 um) is used in order to produce a black
and white near infrared photograph. Black/white films can be
exposed as positive transparencies or as negatives. The latter is
more common.

Aerographic infrared film is commonly used to acquire multispectral

photographs because it is sensitive to visible and near infrared
wavelengths and can record selected wavelength bands when exposed
through various filters (e.g., blue, green, red, near infrared).

The tones seen on black and white photographs (panchromatic and

near infrared) indicate the relative amount of reflected light from
the target. Targets which appear dark in tome on the photograph are
reflecting relatively little light to the semsor. Targets which
appear light in tone on a b/w photograph are reflecting a relatively
high amount of light to the sensor. Healthy vegetation generally
appears dark in tone on panchromatic photos because the chloro-
plasts in the leaves absorb blue and red light in the photosynthesis
process, whereas vegetation appears very light-toned on near
infrared (B/W) photographs indicating that plants are generally high
reflectors of near infrared light. The relative amount of visible
and near infrared radiation reflected by a target can be measured
directly using a spectrometer or indirectly from photographs. A
graph showing the amount of light reflected from a target as a
function of wavelength is called a reflectance curve or spectral
signature. Representative curves for a few natural terrain targets
are shown in the accompanying graph. Note that the reflectance of
some targets (e.g., healthy vegetation) changes considerably in the
visible and near infrared spectrum, whereas other targets (e.g.,
clear water) change little. The value of the reflectanre curves is
for determining where in the visible and near infrared spectrum
targets can be distinguised based upon differences in reflectance.
For example, it may be difficult to distinguish water and vegeta-
tion in the visible spectrum because both appear dark in tomne,
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whereas it is easy to make this distinction in the near infrared,
where vegetation appears light-toned and water very dark-toned.

Multispectral Photographs: Multispectral photographs can be
acquired on either b/w panchromatic (.4 = .7 ¥m) or b/w near
infrared (.4 - 1.0 um) film. When using panchromatic £ilm, omne
cannot obtain photographs in the near infrared; however, when using
near infrared film, one can obtain photographs in the visible and
near infrared spectrum. The most commonly acquired multispectral
photographs are obtained in the blue, the green, the red, and near
infrared bands. This can be accomplished in several ways:

a. Expose near infrared film through a blue filter plus a
near infrared cut off filter, a green filter, a red filter,
and a near infrared filter, respectively.

b. Expose panchromatic film through a blue, green, and red
filter; and use near infrared film and a near infrared
. filter, respectively.

Fither a multilens camera or a configuration of several cameras
(enough for each spectral band desired) can be used. Multispectral
photographs are frequently combined into color composites for the
purpose of creating a more interpretable image. Accurate registra-
tion of the several multispectral photographs is important and best
achieved when using a multilens camera.

Color Films: The two primary types of color films are normal
(natural) color and color infrared. Normal color films have three
emulsion layers that are sensitive to blue, green, and red light
and can be obtained either as positive transparency film (color)
reversal) or as color negative film. Color infrared film also has
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three emulsion layers, and they are semsitive to blue, greem, red,
and near infrared light (.4 to 1.0 um). Color infrared film is
almost always exposed with a yellow filter that restricts the
sensitivity of the film to green, red, and near infrared light.

CIR film is almost always processed as a positive transparency
(color reversal film). The emulsion layers of color and CIR film,
the respective sensitivity of each layer and their associated dyes,
are diagrammed below:

COLOR REVERSAL FILM CCLOR INFRARED FILM
Sensitivity Dye Yellow '

blue ellow ’/jilter near infrared | cyan
anzzzuunzz!!z!zzziézzuzuzz
green ‘magenta green vellow

red cyan red . magenta

A simple method for determining the color of a target as seen on
"color reversal films" is to remember that:

a. The resultant color is a mixture of the dyes remaining in
18 the f£ilm after it has been processed.

b. The amount of dye remaining in each emulsion layer after

processing is inversely proportional to the amount of light
(to which the layer is sensitive) that exposes each layer.
For example, on color film vegetation appears green because
green light sensitizes the green sensitive layer of the film

. and causes some of the magenta dye to be removed in
processing. The remaining high amounts of yellow and cyan
dye combine to produce a green color. Similarly, vegetation
appears reddish in color on color infrared film because
vegetation is a high reflector of near infrared light which
activates the cyan dye causing it to be removed in
processing. The remaining amounts of yellow and magenta
dyes form to produce a reddish color.

D. Film formats and scales:

it 1. Sizes: Common aerial film sizes include 35 mm, 70 mm, 5" x 5",
9” x 9ll’ 9" X 18".

2. Format: Formats for B/W and color include: negative,
positive transparency or positive paper print. Generally
positive images are easier to interpret than negatives.
Transparencies are generally easier to interpret than paper

] prints due to better color renditionm, contrast, and sharpmess.
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Transparencies require a light table for viewing and are more
difficult to use in the field. The acquisition format and
analysis format may be different. Positive prints used in an
analysis may be made from either positive or negative film.

3. Scale: Image scale is defined as the ratio of image distance
to ground distance. Image scale is also the ratio of focal
length of the camera lemns to flying altitude above the terrain.
Scale can be varied by changing focal length of camera lens or
by varying .the altitude of the aircraft. Large scale photo-
graphs are generally acquired at low altitude and small scale
photographs are generally acquired at high altitudes.

The original image scale is controlled by the focal length of
the lens and the flying altitude. Contact prints, original
negatives, and origimal positive transparencies will have the
same original photo scale. For analysis, the scale may be
increased by photo enlargement. Generally, B/W and color
films can be enlarged to 8 to 10x without appreciable loss of
detail. Enlargements made from original film material often
facilitate interpretation but do not increase detail that is
not inherent in the original.

E. Comparison of films:

1. Costs: Black and white films and resulting photographic
products are generally less expensive than color photo
(by a factor of % to ¥%). Costs for photo products pro-
duced from archive masters are generally fixed, but costs
vary for contract photography based upon size of area.
Transparencies ordered from an archive are generally more
expensive than paper prints.

2. Resolution: Black and white films are generally of higher
resolution than color film. Image sharpness is always a
trade off between film graininess and exposure time (film
speed). Generally, fine grain films require longer
exposure that results in image movement. Color and CIR
film have about the same film resolution. Atmosphere
affects tone and color contrast, hence sharpness.
Atmosphere effects are less apparent on infrared sensitive
film.

3. Tone/Color: The eye can discriminate about four times as
many colors as shades of gray; consequently, color films
generally contain more interpretive information.

4. Availability: Black and white photography is available for
most all areas of the U.S. through the U.S. Geological
Survey. Most all national forests have been flown with
black and white panchromatic photos. The U.S. Forest
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Service is now acquiring color photos. The B.L.M. is
acquiring color and color IR. The NASA high altitude
aircraft have flown many areas of the U.S. with color and
color IR; its availability can be determined at the EROS
Data Center.

IV. Data Recorded Electromnically

A. Aircraft data

L.

Multispectral scanner data

a. Collected electronically using an optical mechanical
scanner but formated in photographic or magnetic tape
format.

b. Data can be simultaneously collected in many wavelength
bands from the ultraviolet to the thermal infrared.

.c. Data of lower resolution compared with photographic data.

d. Data difficult to rectify.
e. Data has inherent illumination differences.

Thermal infrared data: emitted radiation collected in wave-
length bands between 3 to 14.0 um.

a. Tones on the photo-like imagery are directly related to
the temperature of the target.

b. Data can be collected during nighttime or day.
c. Data of lower resolution than camera data.
d. Wavelengths penetrate atmospheric haze and smoke.

Radar (Radio detection and ranging): microwave radiation
ranging in wavelengths from a few centimeters to several meters.

a. "Active" radar sensors generate their own radio waves and
propagate them to terrain targets.

b. Radar images generated daytime and nighttime and under most
adverse weather conditions, including complete cloud cover.

¢. Resolution usually lower than optical systems.
d. Longer radar wavelengths can penetrate some terrain targets.

e. Radar return affected by hardness of targets and angle of
incidence to the sensor.
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f. Refer to Dr. W. J. Richardson's paper
4. Telemetry: refer to Dr. W. W. Cochran's paper
a. Ground to ground
b. Ground to air/space
B. BSatellite data
l. Landsat data: See LANDSAT system notes
a. System parameters
b. Sensors: MSS, RBV, DCP
c. Landsat image characteristics
d. Landsat data products
1. Black/white negative, positive images for MSS and RBV
2. Color composite (FCC)
3. Enhanced color composite images (EDIPS)
4, Computer compatible tapes (CCT's)
5. Landsat 3 RBV data
2. Other satellite data

a. Gemini/Apollo 9

b. Skylab
¢c. MET SAT
d. SEASAT

V. Summary: Factors Affecting Choice of Remote Sensing Data
A. Definition of problem
B. Maximize information content
1.  Spectral sensitivity
2. Time of year

3. Scale/resolution
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C. Maximize information extraction
1. Format (photographic--digital-magnetic tape)
2. Analysis equipment
3. Training/experience
4. Stereo viewing

D. Costs
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APPROACHES TO REMOTE SENSING DATA ANALYSIS

By Lawrence R. Pettinger
U.S.G.S. - EROS Data Center
Sioux Falls, South Dakota

Introduction

Al

Objectives: To present an overview of the essential steps in
the remote sensing data analysis process, and to compare and
contrast manual (visual) and automated analysis methods.

Rationale: This overview is intended to provide a framework for
choosing a manual or digital analysis approach to collecting
resource information. It can also be used as a basis for under-
standing/evaluating invited papers and poster sessions during the
Symposium.

Definitions

1. Image analysis: The process of extracting resource information
from remotely sensed images.

2. Image interpretation: The process of extracting resource
information from remotely sensed images and judging its
significance.

3. Manual (visual) analysis: Extraction of information by a
human through the visual process of detectiom, delineationm, and
identification.

4. Automated analysis: Extraction of information by machine
(e.g., computer, densitometer) from data which is usually in
digital format. Automated analysis is an interactive process
in which a skilled analyst controls the machine operations,
providing his judgement and direction to the automated analysis
process. :

a. Electronic display: A pictorial representation of remotely
sensed data made with a video (television) display system.

b. Digital enhancement: Manipulation of digital data to
improve the discrimination of terrain features. Enhance-
ment is commonly used to produce a more interpretable
image. Examples include contrast enhancement and edge
enhancement.

c. Density slicing: The process of separating the continuous
gray tones of an image (or numerical values of digital data)
into a series of discrete intervals or slices, each
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corresponding to a specific density range. These slices
are often displayed in different colors on a video display.
By assigning unique colors to density slices, one hopes to
enhance the interpretability of classes of features which
have similar density characteristics.

d. Digital image classification: The classification of a
population of data points (e.g., Landsat pixels) into a
specified number of computer classes which correspond to
resource types. The assigmment of each data point to a
class is based upon the similarity of spectral charac-
teristics of the data point with the characteristics of
the established class. A major assumption is that the
resource classes have distinct spectral characteristics
which can be derived from the digital data.

There are a variety of analysis objectives which provide data to
address wildlife/habitat information requirements.

1. Census/enumeration

2. Habitat (vegetative community) mapping
3. Inventory/sampling

4. Change detéction

5. Quantitative wildlife habitat evaluation

Distribution of Pecora IV poster session topics by analysis method

Method
Analysis Objective Manual Digital
Census . 5 5 (telemetry)
Habitat mapping 16 3
Inventory ' 5 2

Change detection 3

Quantitative habitat
evaluation

|ov

5o
N N

35
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II. Choice of Remote Sensing Analysis Method

A. Is a remote sensing approach feasible? To answer this question,
one must consider previous experience, available funding and
manpower, and alternatives to collecting information. For the
discussion which follows, it is assumed that some type of remote
sensing analysis is suitable.

B. Factors affecting choice of analysis method
1. Manpower/physical resources available

a. Personnel

(1) What capability and experience do persomnel have with
manual and digital methods?

(a) For in-house analysis?
(b) For effective interaction with service contractor?
(25 Are there’iﬁstitutional preference/biases?
b. Funding for data products and/or analysis services
(1) What will the analysis cost?

(2) Will the analysis be done in-house, or will a service
contract be used?

(3) 1Is funding available to purchase existing data or
acquire new data?

c. Equipment
(1) What equipment is available/accessible for analysis?
(2) Are personnel fully trained in its use?

-

d. Are data products with the optimum characteristics
available, or must new data products be acquired?

2. Information requirements
a. Level of detail
b. Size of study area
‘ c. Time available for analyéis

d. Desired accuracy of final results
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III.

C. General comments

1.

Manual analysis can be performed quickly and effectively for
small areas. Images are relatively inexpensive, especially
when considered within the context of total project cost.
Manual analysis can be done with relatively simple equipment
(pocket and mirror stereoscope, drafting equipment, simple
measuring aids, acetate overlays). As project area size
increases, the following considerations may affect the quality/
accuracy of final manual analysis product: variability among
individual interpreters (interpretation skill, motivation,
susceptibility to fatigue); variation in image quality/image
signatures throughout the project area (may necessitate
frequent retraining); transfer of interpretations to base map,
as well as other manual analysis steps, may become tedious if
they must be performed for an extended time period.

Digital analysis is based on statistical decision rules which
are applied in an unbiased fashion to digital data. As a
result, analysis is consistent; however, accuracy may be high
or low. Although preprocessing and training may be time
consuming, classification is rapid, repeatable, and
fatigue-free.

Manual and Digital Data Analysis in the Mapping/Inventory Process

(Note:

The following steps are appropriate for mapping and inventory;

certain steps are not appropriate for census, change detection, habitat
evaluation.)

A. Define analysis problem

1.

2

3

Level of detail

a. Desired scale for final products

b. Minimum map unit

c. Appropriate scale/resolution of remote sensing data
d. Information detail (resource categories)

Accuracy

Cost

B. Acquire data to appropriate specificatioms

1.

Sources of data

a. Buy existing data
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b. Contract to have new data acquired
c. Acquire data yourself

| 2. Consider factors governing amount of information extractable
\ (independent of analysis method)

7/ a. Semsor system/data analysis parameters
(1) Spectral band (film/filter combination/wavelength
‘ interval): Aerial photos offer wide range of film
i type and filter combinations. Landsat bands (MSS,
RBV) are fixed, yet optimum for many applicatioms.

(2) Resolution

(a2) Resolution affects the minimum size of features
that can be mapped.

(b) Different levels of resource classes can be
mapped from imagery having different resolution.

(¢) Small resolvable features can often be delin-
eated more effectively on enlarged images.

(3) Season of year
at

\

: (a) Careful choice of season often maximizes the

‘ discrimination between vegetation types. due to
| vegetation phenology effects.

|

(b) Sun angle effects

i (i) Low sun angle emphasizes relief or terrain,

‘ : but may obscure surface features (this may

‘ seriously affect digital classification in
mountainous terrain); animal shadows are

| ' enhanced, thus improving detection and

| identification.

‘ (ii) High sun angle is usually preferable for
\ most vegetation/land cover mapping purposes.

(¢) Choice of appropriate season may optimize
contrast of features and their background
‘ _ (examples: sheep should be detected more easily
on color photos with green grass than dry grass
‘ background; caribou can be detected more easily
\ s against a snow-covered background than a snow-
‘ free background).




(4) Time of day
(a) Similar considerations as under 3b (sun angle)
(b) Shadow characteristics

(i) Shadow length may be used to provide esti-
mate of feature height (e.g., tree heights).

(ii) Shadow shape may aid in feature identifica-
tion. (Animal type can often be determined
by shadow shape on large scale photographs.)

(5) Scale

(6) Parallax (the shift in relative position of one feature
with respect to another due to a shift in the point of
observation; this is the characteristic of overlapping
aerial photographs which permits stereo viewing)

(a) Certain types of ‘interpretation can be done
effectively without stereoscopic analysis (e.g.,
stratification of agricultural land, delineation
of homogeneous, spectrally distinct vegetation
types).

(b) Stereoscopic analysis almost always improves the
accuracy of interpretation and boosts the confi-
dence of the analyst. Topographic and other
environmental relationships are more easily
assessed. TFor animal census/enumeration applica-
tions, it is often noted that animals move or
change position between aerial photo exposures.
Stereoscopic viewing reveals these changes clearly
and enhances detection.

Binocular reinforcement--the process of simulta-
neously viewing the same feature on overlapping
photographs—-often provides added information due
to slightly different illumination, texture, etc.,
of features on the two images.

C. Preprocessing of data prior to amalysis
l. Film products
a. Enlarge to scale suitable for analysis

b. Specify color/tone balance for optimum interpretation

c. Use digitally enhanced Landsat images (EDIPS processing at
EROS Data Center)
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D.

E.

Digital data
a. Radiometric correction
(1) Correction to remove banding (destriping)
(2) Fix bad data lines, line segments, pixel dropouts

b. Geometric correction

Develop classification scheme

L

Utilize existing classification schemes for vegetation/land
cover mapping, such as:

a. U.S.G.S. land use/land cover classification (USGS
Professional Paper 964)

b. National Wetland Inventory classification system
c. U.S. Forest Service Modified ECOCLASS method
Modify/develop appropriate scheme for specialized use.

Levels of classification should be consistent with image
resolution.

Training

1.

Correlate image characteristics with ground characteristics

a. Recognize that manual and digital analysis rely om a
different mix of image characteristics (table 1).

Reconnaissance of area (ground/overflights)

a. With images in hand, identify unknown features.

b. Intensity depends on previous familiarity with area.
Utilize auxiliary information

a. Previous interpretation of similar geographic areas
b. Existing maps or survey data

Develop training aids

a. Manual

(1) 1Image analysis keys
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Table 1.--Utility of image characteristics in manual and digital

analysis.
[X = frequently used, (X) = infrequently used]
Manual Analysis

Image Characteristic Aerial Photo Landsat Digital Analysis
tone/color X X X
size - X X
shape X X
pattern ' X X x)
texture X (X) X)
shadow X (x)
parallax (permits X - x).

stereoscopic analysis)

location/association X X
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(2) Annotated aerial photographs
b. Digital
(1) Develop training statistics

(a) Supervised training: Analyst selects representa-
tive examples of each resource class, trying to
encompass the range of spectral variability known
to exist in the study area. This phase is often
done using an interactive analysis system. The
analyst outlines the training areas using a
trackball cursor; their spectral characteristics
are recorded by the computer system for use in
classification.

(b) Unsupervised training: Assumes that analyst can-
not select a complete set of truly representative
training areas. Uses portions of image from
which natural groupings (clusters) of data points
(e.g., Landsat pixels) are determined. These
clusters are compared to ground data or aerial
photos to determine which resource classes they
represent. Unsupervised training sets are
selected 1) randomly by the computer, or 2) as
image areas (blocks of pixels) chosen by an
analyst, each of which contains several resource
types.

(2) Utilize environmental stratification to reduce
spectral overlap between classes (resource types)
which. are found in different environmental strata.

(3) Merge other data sets (e.g., elevation, slope, and
aspect data) to improve classificationm.

F. 1Image analysis
1. Equipment
a. Basic manual analysis equipment: pocket stereoscope, tube
magnifier, mirror stereoscope, light table, drafting pens,
acetate overlay material
b. Basic digital image processing equipment: central computer
processor, operator's terminal, magnetic tape drive, line

printer (also desirable: interactive display/comsole,
magnetic disc storage, film recorder output device)
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2. Human factors that affect analysis success
a. Visual/mental acuity, motivation
b. Training/experience
(1) Discipline background
(2) Remote sensing training
(a) Special remote sensing workshops
(b) College courses in remote sensing

(c¢) Self-learning (refer to selected bibliography of
general remote sensing references and article by
Nealey, "Remote Sensing/Photogrammetry Education
in the United States and Canada')

3. Manual analysis: delineation and identification
4. Digital analysis
a. Classification

(1) Parallelepiped classifier: Algorithm which uses

upper and lower brightness value in each spectral band
to define an n-dimensional space (parallelepiped) as
the training set for each particular class. Pixels are
classified into a particular class if they fall within
the parallelepiped space corresponding to the training
set for that class. Using this method, some pixels

are not classified because they do not fall within the
parallelepipeds of any training set resource class.

(2) Maximum likelihood classifier: Algorithm which
assigns pixels to computer classes based on the
calculation of a likelihood statistic. The likelihood
statistic is calculated from the value of the pixel in
question and the mean, variance, and covariance for
the training sets (computer spectral classes). Each
pixel is assigned to the class for which it has the
maximum likelihood statistic; all pixels are classified.

b. Band ratios for change detection
G. Field survey
1. Verify accuracy of detection, classification, or mapping

2. Measure physical resource parameters while in the field
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Iv.

H. Revise analysis
1. Manual: reinterpretation, changing type boundaries and labels
2. Digital: alter training statistics, reclassify
I. Accuracy assessment
J. Produce output products
l. Overlays to images or topographic maps
2. Color-coded maps
3. Tabular daté summaries )

Case Studies
A. Manual image analysis: vegetation mapping in southeastern Idahci/
1. Objective: produce a vegetation map of greater accuracy and
with at least as much detail as environmmental impact statement
vegetation map.

2. 1Image types, format, scale

a. NASA U-2 CIR aerial photographs (paper prints, enlarged to
1:24,000 from 1:120,000)

b. Landsat color composite image (paper print, 1:250,000)
3. Delineation and identification of vegetation types
4. OQutput products
a. Image overlays
b. Overlays to topographic maps
(1) 7%' quadrangle (1:24,000) for aerial photo interpretatioﬁ
(2) 1:250,000 topographic map for Landsat interpretation

B. Digital image analysis: land cover classification--southeastern
IdahoZ

1. Objective: produce a vegetation/land cover map for same area as A.
2. Preprocessing

3. Training set selection: unsupervised, with spectral clusters
determined from training blocks.
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L. Environmental stratification to eliminate spectral overlap
between vegetation types which .occur on uplands and lowlands

5. Test classification in sample areas
6. Classification (maximum likelihood)
7. Accuracy assessment
8. Final output products
a. Color-coded maps to fit topographic maps

b. Flatbed plotter overlay to topographic map

l/Carneggie, D. M., and Holm, C. S., 1977, Remote sensing techniques for
monitoring impacts of phosphate mining in southeastern Idaho, in
William T. Pecora Memorial Symposium, 2d, Sioux Falls, South Dakota,
1976, Proceedings: Falls Church, Virginia, American Society of
Photogrammetry, p. 251-272.

E/Pettinger, L. R., Digital classification of Landsat data for vegetation

and land cover mapping in southeastern Idaho (manuscript in review
for U.S.G.S. publication 'series).
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Characteristics of Landsats 1, 2,

THE LANDSAT SYSTEM

and 3
A. Launch dates
Landsat 1: 23 July 1972, ceased operations, January 1978
Landsat 2: 22 Jan 1975
Landsat 3: S March 1978
B. Orbital parameters and coverage cycle
Altitude: 900-950 km
Inclination: 99°
Period: 103 min
Time of descending node, equator: 9:42
Distance between successive tracks: 2760 km at equator,
2129 km at 409 (14 orbits/day)
Distance between adjacent tracks: 158 km at equator, (sidelap = 27 km or 14%)
122 m at 409 (sidelap = 63 km or 34%) (18 days for repeat coverage)
Swath width: 185 km
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C.

Data Telemetrv and Ground Receiving Stations
S-band, 2229.5 and 2265.5 MH,,
MSS Data Rate: 15 MBPS
1. US Stations:
- Goddard Space Flight Center, Greembelt Maryland
- Goldstone, Califormnia
- Fairbanks, Alaska
2. Foreign Statioms (by arrangement ounly):
- Prince Albert
Integrated Satellite Information
Box 1630
Prince Albert, Saskatchewan
Canada S6U 5T2

- Cuiabd
Instituto De Pesquisas Espaciais (INPE)
ATTN: Direcas
Av. Dos Astronautas, 1758 - Caixa Postal 515
12.200 - Sao Jose dos Campos, S.P. - BRASIL
Tel. (0123)21-8900 Telex. (011)21534
- Fucino
Telespazio
S.P.A. Per Le Comunicazioni Spaziali
Corso D'Italiaz 42
00198 Roma, ITALY
ATTN: Mrs. G. Calabresi

- St. John's
Department of Forestry & Agriculture
Building 810
Pleasantville
St. John's, Newfoundland AlA 1P9

- Rawalpindi, Pakistan (Temporary)

- Tehran, Iran

- Mar Chiquita, Argentina Planned
- Kinshasa, Zaire

- Santiago, Chile

- Foreign data: real time readout to foreign stations or via tape
recorder to U.S. statioms.
- Station effective reception range: 2,300-2,300 km
- Two tape recorders per satellite, each with 30 min. capacity.
Landsat 2, only ome recorder functioning.
The Multisoectral Scanner (MSS)

1.' Scanner Operaticn
- Swath width of 185.2 km
- Scanning by means of oscillating mirror (13.62 cycles/sec) and
spacecraft motion. Six detectors in each spectral band, so
6 scan lines obtained with each mirror oscillation. Datz for swach
is later divided into scenes, each approx. 185 km in along-track
direction.




s ogrcrors =
PER 3AND

128 TQTAL)

-2 FOR BAND 8 o\
(LANDSAT-C) ki

6 LINES SCAN/SANO

OIRECTION
OF FLIGHT

ormcs
SCANNER '\

S SCAN MIAROA
+oETECTORS __\\(q (0SLLATES
PER SAND: NOMINALLY
20 TOTAL, P~ . 239,

NQTE: ACTIVE SCANIS
WEST TO EAST

PATH QF
- SPACECRAFT

/ TRAVEL

Landsat MSS Scanning Arrangement

~

©. Spectral Resolution and Sensitivity

- Four wavelength bands:
Band & 0.5 - 0.6 um (green)
Band 5 - 0.7 um (red)

Band 7
Band 8 10.

- 1.1 um (near - IR)

0.6
Band 6 0.7 - 0.8 um (near - IR)
0.8 _
4 -12.6 um (Thermal IR), Landsat 3 only

- Each detector analog signal is encoded as a 6 - bit (64 level)
digital word, each word corresponding to ome picture element.
Signal compression 1is generally employed to improve the signal-

to-noise in bands &4, 5, and 6, never in band 7.

In the final form,

bands 4, 5, and 6 have 128 discrete radiance levels, band 7 has

64 levels.

- There are two gain modes available

for bands 4 and 3.

In high

gain mode, (rarely used), gain is increased by a factor of 4.
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P 7
/ /
] o /| near @4, 5,7
/
/
sap- 3 LINEAR (4,5,6,7)
1~ /
3
2 /
S 0= / /
~
() BANDS HAVING MODE INDICATED
zn -I MAXIMUMN AAGIANCE
(N LIWATTS/CME SRY
/ 180 LOWGAIN T AMGH GAIR
10— s .48 a3
/ o o e
.00 |
) , ] . 2 =
et 25 50 15 100
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- Dynamic range of band 8 is 2609K to 360°K (-13°C to 679C)
3. Image Geometrvy and Resolution :

- Each image is composed of picture elements, called pixels." For
bands 4-7, there are 3,240 pixels in the across-track direction and
2,340 in the along-track directiom. Each pixel is treated spatially
as an area 56m X 79m, but represents the data from an area 7%9m square,
which is the instantaneous field of view (IFOV) of the scanner. The
difference in size of pixels and the IFOV results from an effective
overlap of IFOV's along scan lines.

1A

1 pixel = 1.1 acres = .444 ha (bands 4-7)

- Due to earth's rotation, each scan line begins slightly west of the
previous line. Thus the area imaged in a scene has skew and is a
parallelogram.

- For band 8, the IFOV is 237m square, with a pixel of 237m x 167m.
Therefore, each pixel is equivalent to approximately 10 acres or &
hectacres.
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Image Data

a. Product gemeration
- Black-and-white:

o~

MSS Video Data

Electron Beam Recorder NASA Gcddard

Archival 70mm Pl

J

Master 70mm N2 .+« . . . (to EROS Data Centar)

Customer Products

- Color:

9 x 9 Black & White PS5

Color Compogite Printing

A

9 x 9 Color Master P6

Customer Products

b. Imaze formats and annotation

Black & White Color
Scale Image size Pos Film Neg Film Pos Paper Pos Film Pos Faper
1:3,369,000 55.8 mm X X - - -
1:1,000,000 18.5 cm X X X X X
1:500,000 37.1L cm -— - X - hie
1:250,000 746.2 cm - - B -— X

Computer - Compatible Tapes (CCT)
a. roduct Generation
- CCT made from high density tapes by NASA - Goddard
b. Format
- 7 track, 800 BPI
- 9 track, 800 or 1600 BPI
- Full frame segmentad into four 46.3 by 185.2km strips
in N-S direction
- Band - interleaved

wn
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MSS Bulk Output Product

Residual Errors (rms)

Positionai Mapping Accuracy . ]
Fiim Products 743 meters
Paper Products 757 meters

Registration Amnéy
All Products 153 metars

TICK MARK

/

42 SCAN LINES

CCT SCENE
2340 SCAN LINES

FILM IMAGE
2255 STAN LINES

T v 7§ 1 'v
W W W S 1

——42 SCAN LINES

CCT and Film Image Comparison
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JRIGINAL ANNQTATION

REVISED ANRQTATION (AFTER FER. 18, 197T)
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The Return-B8eam-Vidicon Camera
1. Sensor operation
- 185 x 185km area on Landsat 1 & 2, 98 x 98km area on Landsat 3 £
- Cameras shutterd, image stored on photosensitive surface, then
scanned to produce video output. Effective focal length = 126mm
on Landsat 1 & 2, 236mm on Landsat 3
2. Spectral characteristics
- 3 cameras on Landsat 1 & 2
band 1 0.475 - 0.575 um (blue-green)
band 2 0.580 - C.680 um (orange-red)
band 3 0.690 - 0.830 um (red-infrared)
- 2 identical cameras on Landsat 3, 0.505 - 0.750 um

3. Geometry and Resolution

THREE RBY CAMERAS
MOUNTED |N SPACECRAFT

188 xm X 188 m
(108 aem X 108 nm)

DIRECTION OF LT
FLIGHT :

Landsat 1 & 2 RBV Scanning Pattern Landsat 3 RBV Scanning Patten

Landsat 1 & 2 RBV Precision Output Procduct

/ N

Residual Errors (rms)

Positional Mapping Accuracy I
Film Products 92 meters
Paper Products 104 meters

Registration Accuracy
All Products 118 meters
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4, Product generation and format
- Generation and format similar to that for MSS images

II. Availability of Satellite Data

A. EROS Data Center
Sioux Falls, South Dakota 57198
USA
B. Other U.S. (See accompanying list)
C. Foreign Sources

Instituto de Pesquisas Espaciais (INPE)
Divisao de Banco de Dados (cod. 5.03)
Caixa Postal 515

12.200 Sao José dos Campos

Sao Paulo, Brazil

Terra Project
Telespazio SPA
i Corso d'Italia
00198 Rome, Italy

A$
CECRAST

The World Bank

Cartography Section, Room N-619
1818 H St., N.W.

Washington, D.C. 20433 TUSA

NASA Cumulative Non-US Standard Catalogs
Available through EROS Data Center

or
Main Government Printing Office Book Store
Attention: NASA Publicatioms Clerk
710 North Capital Sc.
Washington, D.C. 20402

— |lII. Future Satellite Systems (Landsat D)
A. Schedule for Launch
ttern - Landsat D - 1980 - 81?

Landsat D:
- No RBV. May have MSS similar to Landsat C.
- Thematic Mapper: Altitude: 705km. (tentative)
6 channels 0.45 - 0.52 um
0.52 - 0.6 um

0.63 - 0.69 um (reflected)

0.76 - 0.9 um

1.55 - 1.75 um

10.4 - 12.5 um (emitted)
IFOV: 30m x 30m reflected

120m x 120m emitted

II-1
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Iv.

Digitally enhanced Images (EDIES/EDIPS)

- Currently under development, operational by mid - 1978

- NASA will deliver high-density digital tapes to EDC, where
images will be prepared

- Provide shorter delivery times to user and allow for
geographic and radiometric manipulation of the data

- Geometric corrections to remove distortioms introduced from earth
rotation and variation in MSS mirror velocity '

- Radiometric corrections to remove striping due to unequal detector
response and to fix bad data lines

- Contrast enhancement to expand distribution of brightness values of
CCT's over full range of 256 digital values

- Edge enhancement to enhance boundaries between features w/subtle
differences in brightness along their boundaries

Data Collection System

Measuresment

Device DCP ——> Satellite ———> Ground

Purpose: a relay for envirommental information from remote stations
to central data collection point for subsequent dissemination to User.

Satellite: GOES or LANDSAT

Frequency of transmission:-GOES, every 180 minutes
-Landsat, twice a day

Cost: DCP $3400.
Antenna . 175.
Battery &

Solar Panel 295.
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October 1978

SOURCES OF REMOTELY SENSED DATA

Compiled by
Applications Branch
EROS Data Center

NATIONAL CARTOGRAPHIC INFORMATION CENTER (NCIC)

h (formerly the Map Informatiom Office)

Lor

. of NCIC was established within the USGS to provide a single-

o point contact source for cartographic-related information,
including remotely sensed data. A computerized indexing

system, the Aerial Photography Summary Record System (APSRS),
shows all holdings of Federal agencies, with the long range

goal of including data acquired on the state and local lavels o
and (eventually) by private industry.

The system directs the user to a particular agency which holds
coverage over a particular unit area, based on the 7% minute

USGS quadrangle system. The data will remain in the hands of the
source agency.

The cooperating Federal agencies include:

U.S. Geological Survey (USGS)

- National Oceanic and Atmospheric Administration (NOAA)
- Agricultural Stabilization and Conservation Service (ASCS)
= Bureau of Land Management (BLM)

- National Archives and Records Service (NARS)

- U.S. Forest Service (USFS)

- Library of Congress, Geography and Map Division

- Soil Conservation Service (SCS)

- Tennessee Valley Authority (TVA)

- Department of Defense (DOD)

U.S. Army Corps of Engineers (USACE)

To provide easier access to NCIC at the regional level, there
are NCIC offices at four USGS mapping centers:

NCIC Eastern

U.S. Geological Survey
536 National Center
Reston, VA 22092

FTS: 928-6336

Comm: (