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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.
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©. 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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- 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.

II-12




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: (703) 860-6336

NCIC Midcontinent

U.S. Geological Survey
1400 Independence Road
Rolla, MO 65401

FTS: 276-9107

Comm: (314) 364-3680

NCIC Rocky Mountain
U.S. Geological Survey
Stop 504, Box 25046
Denver Federal Center
Denver, CO 80225

FTS: 234-2326

Comm: (303) 234-2326

NCIC Western

U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
FTS: 467-2427

Comm: (415) 323-2427




EROS DATA CENTER (EDC)

The EROS Data Center was established in 1971 as part of the
Earth Resources Observation Systems (EROS) program of the Department
of Interior, and is managed by the U.S. Geological Survey. It
provides primary access to Landsat data, aerial photograpay
acquired by the DOI, and aerial photography and other remotely
sensed data acquired by NASA Research aircraft and from Skylab,
Apollo, and Gemini spacecraft.

Landsats 1, 2, and 3 have acquired approximately 280,000
individual scenes in four separate spectral bands. Nearly complete
coverage of the world's land areas, except the polar areas, has
been collected. Over 40,000 frames of Skylab, dpollo, and Gemini
coverage have been archived at EDC. Only selected coverage was
taken on these missioms. ‘

High altitude aerial photography (taken from 60,000 to 65,000
feet altitude) has been acquired by NASA for much of the United Scat
at the request of investigators participating in the NASA Earth
Resources Program. The most common scales are 1:60,000 and
1:120,000. Black-and-white, color, and color infrared photographs
are generally available in a 9" film format. Since the inception
of this program in 1964, approximately 1,300,000 frames have been
acquired, covering about 80% of the contiguous 48 states. Many are:
have been flown more than once. Main inputs for this data are
the NASA-Ames Research Center in Moffett Field, California, and the
NASA-Johnson Space Center in Houstom, Texas.

Conventional aerial photography flown by the USGS accounts for
approximately 2,000,000 frames. The most common scale is 1:24,000,
typically on 9" black-and-white panchromatic film.

A final category includes aerial photography acquirad by
various Federal agencies at various scales and film types. The

following groups have input approximately 1,000,000 frames into
the EDC archives: '

- Army Map Service, Air Force, Navy

- U.S. Army Corps of Engineers

- Bureau of Land Management

- Bureau of Reclamation

- Wallops and Marshall Flight Centars (NASA)
- Mississippi Test Facility

- University of Michigan

South Dakota State University

Since the EROS Data Center does not hold the complete collecti
of aerial photography acquired by these individual groups, users
should contact the originating agency for the possibility of
additional coverage. For more information contact:

EROS Data Center

Attn: User Services

Sioux Falls, SD 57198

FTS: 784-7151

Comm: (605) 594-6511, Ext. 151
II1I-2
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U.S. BUREAU OF LAND MANAGEMENT

The BLM has acquired photography in recent years at various scales
and film types. For more information, contact:

Mr. Wallace Crisco

Office of Spacial Mapping
Bureau of Land Management
Denver Federal Center
Building 50

Denver, CO 80225

FTS: 234-5575

Comm: (303) 234-5575

AGRICULTURAL STABILIZATION AND CONMSERVATION SERVICE (ASCS)

The ASCS has acquired coverage over about 80% of the United States
excluding Alaska. Most commonly, surveys are flown at a scale of 1:20,000
on black and white 9" panchromatic film. Coverage is usually flown on a
county-by-county basis on a 7 year cycle, dating back to the 1930's.

Since about 1971, 1:40,000 scale photography has been acquired. Indexes
of coverage for specific areas are available for inspection through the
local county ASCS office. For more information contact:

Aerial Photography Field Office
ASCS - USpa

2222 West 2300 South

P.0. Box 30010

Salt Lake City, Utah 84125
FTS: 588-5856

Comm: (801) 524-5856

SOIL CONSERVATION SERVICE (SCS)

The SCS has acquired conventional aerial photography for many areas
of the United States. Coverage was generally acquired at a scale of
1:20,000 on 9" black and white panchromatic film. Most recently, coverage
has been acquired at scales ranging from 1:31,680 to 1:85,000. The SCS
is currently undertaking orthophoto mapping projects with cooperation

from the USGS. Surveys are not flown on a prescribed repetitive basis.
For more information contact: ’

Soil Comservation Service, USDA
Cartographic Division

Federal Center Bldg.
Hyattesville, MD 20782

Comm: (301) 436-8187

III-3




NATIONAL ARCHIVES AND RECORDS SERVICE

This center is the archive for resource photography acquired by
the ASCS, SCS, USGS, and the USBR prior to World War II. A catalog
entitled "Aerial Photographs in the National Archives' is available
upon request. For more information contact:

National Archives and Records Service
Cartographic Branch

General Services Administration
Washington, DC 20408

Tele: 205-523-3006

U.S. FOREST SERVICE (USFS)

The USFS has acquired aerial photography over most of the National
Forest lands. Photography is primarily at scales of 1:20,000 to
1:24,000 on standard black and white 9" panchromatic film, and dates
back to 1934. Standard coverage through the 1960's was at a scale of
1:15,840. More recently, color and color IR photography at smaller:
scales ranging up to 1:80,000 has been acquired. Coverage is updated
as is deemed necessary by the USFS.

The Forest Service is geographically organized into nine regions
with the regional headquarters listed below.

Region 1 Northern
Federal Bldg.
Missoula, MT 59801

Region 2 Rocky Mt.
11177 W. 8th Ave.
Box 25127
Lakewood, CO 80225

Region 3 Southwestern
517 Gold Ave., SW
Albuquerque, NM 87102

Region 4 ' Intermountain
324 25th St.
Ogden, UT 84401

Region 5 California
630 Sansome St., Room 548
San Francisco, CA 94111

ITI-4




Region 6 Pacific Northwest
319 SW Pine St.
P.0. Box 3623
Portland, OR 97208

Region 7 Does not exist

Region 8 Southern
1720 Peachtree Rd.
Atlanta, GA 30309

Region 9 Eastern
633 West Wisconsin Ave.
Milwaukee, WI 53203

Region 10 Alaska
Federal Office Bldg.
- P.0. Box 1628

Juneau, AK 99502
Inquires may also be referred to:

Division of Engineering
U.S. Forest Service, USDA
Washington, DC 20250

NATIONAL PARK SERVICE (NPS)

The NPS has acquired aerial photography over the natiomal
parks at various scales with film types. For more information
contact:

National Park Service
Denver Service Center
655 Parfet St.

P.0. Box 25287
Denver, CO 80225
Tele: (303) 234-5132
FTS: 234-4500

ENVIRONMENTAL PROTECTION AGENCY (EPA)
In 1974 EPA established a Remote Sensing Branch at the National

Environmental Research Center in Las Vegas, Nevada. The data acquired
are of various types and formats. For more information contact:

Environmental Protection Agency or: EPA Interpretation Center
Remote Sensing Branch P.0. Box 1587

P.0. Box 15027 Vint Hill Farms

Las Vegas, NV 89114 Warrenton, VA 22186

III-5




DEPARTMENT OF DEFENSE (DOD)

Estimates of the amount of aerial photography acquired by the DOD
run between 100 - 200 million frames. The primary agency responsible
for archiving this collection is the Defense Intelligence Agency
(DIA). Photography was generally acquired by conventional means
_at scales of 1:15,000 - 1:40,000 on 9" black-and-white panchromatic
film. Coverage dates back to the 1930's. Some of the early
coverage, such as the AMS small scale coverage of the 1950's and
the Navy/Army-acquired coverage of Alaska, has been transferred to
the EDC archives. NCIC is currently handling the task of producing
plots and indexes of DOD unclassified coverage.

The Defense Mapping Agency (DMA) was established in 1972, with
primary responsibilities for mapping and charting within the DOD.
Most current activities are being worked out in conmjunction with
the USGS.

For more information contact:

Defense Mapping Agency
Topographic Command
6500 Brooks Lane, NW
Washington, DC 20315
Att: Code 50320

Defense Intelligence Agency
Att: DS4A

~ Arlington Hall Station
Washington, DC 20301

U.S. ARMY CORPS OF ENGINEERS

The USACE has extensive involvement in civil projects such as
dams, shoreline and flood protection, and waterway navigation. Aerial
photographic coverage dating back to the 1930's was generally acquired
with standard 9" black-and-white panchromatic film. Scales vary
considerably with particular project requirements. More recently,
coverage has been acquired using color and color IR film types.
Although USACE is officially part of the DOD, most of its more
recent coverage remains in the hands of the particular project
office that collected it. The principal USACE organizations
involved with remote sensing data are:

(A) Engineer Topographic Laboratories (ETL)

(B) Cold Regions Research and Engineering Laboratory (CRREL)
(C) Waterways Experiment Station (WES) _

(D) Coastal Engineering Research Center (CERC)

(E) Construction Engineering Research Laboratory (CERL)

(F) Institute for Water Resources (IWR)

ITII-6




The Coastal Engineering Research Center at Ft. Belvoir,
VA, has recently taken the responsibility of indexing much of the
imagery collected by the Corps.

For more information, contact the USACE Remote Sensing
Coordinator on the Division level.

- Huntsville Division

William A. Newbern, Jr. - (HNDED-FC)
P.0. Box 1600 West Statiom
Huntsville, AL 35807

Tele: (205) 895-5190

Lower Mississippi Valley Division
Todd H. Riddle - (LMVED=G)
P.0. Box 80
Vicksburg, MS 39180
Tele: (601) 636-1311 ext. %%2
or ext.

Missouri River Division
Charles G. Flagg - (MRDED-G)
P.0. Box 103 Downtown Station
Omaha, NE 68101

Tele: (402) 221-3204

New England Division

Joseph Horowitz - (NEDED-W)
424 Trapelo Road

Waltham, MA 92154

Tele: (617) 894-2400 ext. 632

North Atlantic Division
Dave Leiser - (NADPL-F)
90 Church Street

New York, NY 10007
Tele: (212) 264-7088

North Central Division
Mack L. Dixon - (NCDPD-PF)
536 S. Clark St.

Chicago, IL 60605

Tele: (312) 353-6395

North Pacific Division
Billy J. Thomas - (NPDEN-WC)
Room 210 Custom House
Portland, OR 97209

Tele: (503) 221-3757

ITI-7

Ohio River Division

Griffith Ray - (ORDED-T)

P.0. Box 1159

Cincinnati, OH 45201

Tele: (513) 684-3024

Pacific Ocean Division

Dr. James Maragos - (PODED-PV)
Bldg. 230, Ft. Shafter
Honolulu, HI 96813

Tele: (808) 438-2263

South Atlantic Division
James W. Erwin - (SADEG)
510 Title Bldg.

30 Pryor St. NW
Atlanta, GA 30303

Tele: (404) 526-6704

South Pacific Division
David L. Sveum - (SPDED-H)
630 Sansome St., Room 1216
San Francisco, CA 94111
Tele: (415) 556-5709

Southwestern Division

John W. Murchison - (SWDED-F)
1200 Main Tower

Dallas, TX 75202

Tele: (214) 749-3166

Field Operating Agencies

Robert Frost

Engineer Topographic Laboratories
Ft. Belvoir, VA 22060

Tele: (703) 664-3736

Coastal Engineering Research Center
Dennis Berg - (CERVE)

Kingman Bldg.

Ft. Belvoir, VA 22060

Tele: (703) 325-7172



Cold Regions Research and Engineering Laboratory
Dr. Duwayne Anderson

P.0. Box 282

Hanover, NH 03755

Tele: (603) 643-3200

Construction Engineering Research Laboratory
Dr. R. K. Jain

P.0. Box 4005

Champaign, IL 61820

Tele: (217) 352-6511

Institute for Water Resources
Kingman Bldg.
Ft. Belvoir, VA 22060

Waterways Experiment Station
Warren E. Grabau

P.0. Box 631

Vicksburg, MS 39180

Tele: (601) 636-3111

NATIONAL OCEAN SURVEY - COASTAL MAPPING DIVISION

The Coastal Mapping Division (formerly the Coast and Geodetic
Survey) has acquired coverage over the nation's coastal areas.
Multispectral metric mapping type coverage at scales ranging from
1:10,000 to 1:40,000 has been acquired in recent years. This agency
also has the responsibility for acquiring aerial photography over the
nation's major airports, back to World War II under the "Airport
Obstruction Chart Survey Program.' Coverage is typically black-
and-white panchromatic with scales varying from 1:24,000 to 1:60,000.
For more information contact:

Coastal Mapping Division
NOAA

Rockville, MD 20852
Tele: (301) 496-8601

DEFENSE METEOROLOGICAL SATELLITE PROGRAM (DMSP)

Data acquired by the USAF Global Weather Satellite Program is
archived at the Space Science and Engineering Center at the University
of Wisconsin. This data originates at USAF Global Weather Central,
Offut AFB, Omaha, NE. For more information contact:

DMSP Satellite Data Library

Space Science and Engineering Center
University of Wisconsin

1225 West Dayton Street

Madison, WI 53706

Tele: (608) 262-5335
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WALLOPS FLIGHT CENTER (NASA)

Wallops Flight Center has an active remote sensing program centered
around its Chesapeake Bay Ecological Program. Gemerally, this is low
to middle altitude multispectral photography. For more information
contact:

Chesapeake Bay Ecological
Program Office
NASA-Wallops Flight Center
Wallops Island, VA 23337
Tele: 804-824-3411 ext. 260

TENNESSEE VALLEY AUTHORITY

The TVA has acquired conventional aerial photography of the
Tennessee River watershed area which includes the state of Tennessee
and adjoining portions of Alabama, Georgia, Kentucky, Mississippi,
North Carolina, and Virginia. Coverage, dating back to 1933, was
taken at various scales although typically at 1:24,000. Recently,
some special purpose color and color IR coverage has been acquired.
For more information contact:

Map Information and Records Unit
Maps and Surveys Branch
Tennessee Valley Authority

101 Haney Bldg.

Chattanooga, TN 37401

Tele: 615-755-2122

PRIVATE AERIAL SURVEY COMPANIES

If existing coverage is not suitable, it may be necessary to contract

for new photography to be flown. A good source of names of aerial
survey firms is:

American Society of Photogrammetry
105 North Virginia Avenue

Falls Church, VA 22046

Tele: 703-534-6617
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ENVIRONMENTAL SATELLITE IMAGERY

Low resolution imagery of the Earth is being acquired using
visible and thermal infrared sensors by a variety of
environmental satellites, including SMS-GOES, TIROS, Nimbus, ATS,
and ESSA satellites. For more information contact:

Satellite Data Services Branch D543
Environmental Data Service

National Oceanic and Atmospheric
Administration (NOAA)

World Weather Bldg. - Room 606

Washington, DC 20233

Tele: (301) 763-811l1

SOURCES OF REMOTELY SENSED DATA IN CANADA
For aerial photography, contact:

National Air Photo Library
615 Booth Street

Ottawa, Ontario K1A OE9
Canada

Tele: (613) 995-4597
Telex: 053-4328

Landsat data can be purchased directly from:

Integrated Satellite Information Services
(ISIS) Ltd

P.0. Box 1630

Prince Albert, Saskatchewan S6V 5T2

Canada

Tele: (306) 764-3602 764=4259

Telex: 074-29242

Landsat data availability and ordering assistance (also information
regarding airborne remotely sensed data) are provided by:

Canada Centre for Remote Sensing
Attn: User Assistance

717 Belfast Road

Ottawa, Ontario K1A 0Y7

Canada

Tele: (613) 995-1210

Telex: 053-3777

ITI-10




3 b4 ) 4 e € o1 (13 ANETW A
oLy <s Ly % wl 96 9 % €0l MAAKMIA
[ o1 9 14
14 9t 9 ! 9 t ! ]
8 4 4 ol i
4 8 8 W G
S €3 €z i
4 ot ! 13 L 6
1 L t 1 S .
0% 96 4 o <t ¥ o 1 1
] S 4 ! 2
97 L [ 1 3 ot T L L
4 6 < 4 1 ]
(114 i L1 L4 < ] Al £14 or L
o = " m
AN S O O T O -
E a = A hd
3 3 ; o 3 3 A
= B & 3 k-] 3
- 3 te 2
[u] =z
aRER :
1 3 2
R
n
smIO—d0o
advwg—gg
1$AS—AS
onsy-—ov
ARy P —a0)d
wonmardieg-mon g g depN—1 N ’
IN3DT1

pue s

('S () WIHINI) Y ATL IO NE SINTRERVAIE] O SISHNOT) 10 STILL 10 NOU

iy

[IEAIEARIERI BN

-sanh ) o asandsas g poay
RO TR E AR LR B
1 s e rimondzd
D SPLIPINS O e ay |

ppres sase
s Uy pagge.

O apnpug 0w prp ey

1S ongey A g speanepvdap Hue

LAnsarop SHogoad

S0y
Frquentn ng aseatng oy pagaadxs
Mugssanosd adeung fanmng 2y g cBursuas
DOUEAE ) SHONN
MY S P Cspuaanpedap Hue

pdde o paonposnuy aq o) pur

RIEN CRINIBRIE

R AL
RALHTNRCULIT6) AN

TN TR AT R U TR AT AR T KA

RE

gl ey ang jo Appofeae nL (Popny

Mppoary jo g

by 1.

fsar Snepy o (TR TEN AN T TR PRTTIIN
AP JO Jua. ] oy gapony (§ .-_....- [{LEA]

(maad gg) 8 bl
1 gp) Stoqoait ()
Lo Sop ppiAney o
Aojond

“Saqdusoad puw
sspanpdap papeane

UBRTERITTTRY ]

SN

3]

g

LB XWIY

) suonmsay o apine iy
ISET]) SASIOD PRI S0 M PUE SIS0
ATpaun .-x:..:.._ GG 'Sosmoa radaagg
onorgel (g CSASINOY HPSUOS Aponnsr o s
W popuEnt Grar vy swmsitord e i

Loy

oy jo

1 ......_

RIS

dop Hugeraneg

1) SN pogtregy ) e spoof
e i

.:..:...: DRV EYR RV |

IWINYHDHOTOND

RIS EG YOI I UNY

653

D pov Avdes
“Fupond Jupan (s paosa WO AjNE SI5IN0TY ¢

As s05Has T u apngy
[ uu..:: oprs
) IS DNINNMUOIIT| D) SAA0D SISINGD
EVURCUEIIET LN LECAL L L (e BETTUIU (ELT ) I

s wy g ARojoaioyoyd w g7 o)
S U L G HNISUAS D0AT Y SASINGD 181
a1ty *Aepoy sag pantn
s ot A n nans

00ch e o 0y yuas Anamunaiooyd
[Augsuas  qowmar Wy swviiosd  pue
$25IN03 o ravonsanh v o) SARSIAAIN
puv afl aggoa Jo ssaquiam Aynovy jo sasnods
e ‘QrGl Armagag pue G261

UG

PR ON G
PEIN R IRTU PRI

(4

‘
‘Weer "
RO I TR RIR TSR
PUTE M P

-Anaunumfiojoyd pue Anaunneioyoyqd pa
-sSNISIp (1LGY) vommyg s A Moy ped s
SRIOM IIDADE JO 1INNS DY B0 S e
SIND ANSIAAMIN puv AHAOD N AD
-moyd pue Fuisuas 3 21 o smes gy,

R NI TR BT RIAL
A a0p e 1ddenr apissod agum pre feozpy
A wnfiving sposiy-ard jo usayed
dow ayg oA ") Jo rpgndayy sapdoag
A PUE PSEIY SIS PR D UL A

(papmy;

1C 10 finovsay

) S261

-== —h\-.- :.— .-:-.—-::~_-w ?-4-:&:—
v spoafoad yaanasas Aupiaautiivg opsug 11 1802

i pavsodas wonpponpy Jupsaaniy sof MMI0G WpILINY Y] SY00q
as pun syooq)xa) s Pardopn wasg 2y (Parsy)) syooq g9 1s1)
[KEIVIITIN

291
wod
ayp fo fuvpy iy
Jo svasn 30 ‘S0

1200 2Y) WY P2, u\\: EYLN]

Puv S90S PN YD NY SASIFAN
JAmpsuas apomas passans gyl
03 ()11 ISP N 2000 D40y GLGT M) MPENN]) pun

—-...:-3 aqy LEd

S2INIS PanNg) ) wp SARSINUN pun saiapo;
1o pusiopuy un a1 Ay renadope

12228 pun sdyey pparf apny
naRojoydiHmIsHIs 2)omas g vy
‘saofmu oIy o) unjd 10 230y BPPUR) NY 318

winrtayord
VRIS

npruny) "

10 swengitoad fivmu \:
{ pun Fsuas o] SvaIseyY

wpep ayy, PRy s
J0) SANESIAAIUN puw sapagod payuas
-2y Apuanai (CLG1) Wivmop pur (G261)
Hempig pue “sasanon fw ;s gy Jo
sy s 1420y ‘ZLGE ] SAG panen
mn v SNNSIANM G M sesiond P

)

YA SDONARAII0D YD1 PUN o8 Js il o)
aps o) s sauurd (LY () SSATP M)
wm 4——-.: >a..-— L] -:v-.- ¢vdl.o..—< .—.- n a)
EEIRRUIERT 3 PRY 2mpas ued e

TN RICEIEY AT 1 sand 1y ooy pranuo
NS AW PIRNKVEDODOIIRISKAS 10N .M

‘sy00q)xa1 pue ‘syasford ‘swesbosd ‘sasIN0d Jo Bunsy v

jepeue) pue

sojelg payun ayj ul uoleonp
+ .« Annewweiboloyd/buisuag

10095 2V "ffmsin g
Aaraang proptojoan °S () ]
ATIVIN MAY() )

ajoway

Iv-1

n




L [OYEXTTY ]

P e spoford yorea
e Suo teadvd spyy e papey
v suoneongddy

‘wonemoep wngnog
QI ML IIOG INIPOIT JO JUN :..—;A- g
_.—.._ WHYIN 0L -U6E
oy
|

‘COONCLE A THuna.
Lo«
MU096Y-169°9 ON ‘oF o
4 nasmmeriojoyy  CRAugsuag
neanpg Sy pagquy sasaang
‘SLOY .-:._Z
g Momay o gy )
-B03g) Jo wonronssy 1amy )
SR g Ansaang) ay) o Jupsuag
Doy wp wopeonpg nydestessy Uy g
K606 '8 N “HE
1A Fupaaupiheg ngonnpiogeny  y§n
EUTRURT anpy fuisuag M., e g
SLGT 129010 ‘DL 0N CTE (0N Titeseag
W pue Hwadsmdng dupow

::a spmg A—_..:—:..J

oy axu.—. o I LUTER ULE Nl S
dupaaniiag ) aong o 1y
SLBY PV 'Y ..Z sy

wpmonp g Hupaouting  Laa
! rA J
ALl af:_ Adaggoy Hu

SN Y

ssunaidond negpriny wo oy
-ug go dupenqed g e padpong oga e
-wopp gy s Sppeeadsa fpoy
A e oopgussod sadud sppy aprem
SOPLAIPIE PR SUOIINSIE ) o
"y, “radhedd "y o o
1121 204 paayg weaf
WSO CSEpy quesg o) so

SLGLTLGE
SCLGL 2 1 spPaford o wor ol g 2o

(1 90D (SLGT ‘woneanpry Sy

RINNSRTRITN
BERUTE
nasIE g pee (1061 W mempyg das
-ngp) el OIS GEREFLEE Y

1€ PUe (FLGE "woneonpyy Hiugamn
L QOIS FLGL-ELGT Y
[ CURTR TR TUR TR R TTTTIRYE RN B
2 Hupomduas Anannuesifoyp
ey P poepur RSy

~

ayy

spawpedop
MY o) pue voneanpig
VR T TN T
v pozy
SUAS DOWIE 0] SH0g)
>~—:—=A A:—.
Th! .-:..._ pav Hupsaas owm
sprford

Vopaea
Hupaaugiag por LRI TY
P2 o) parsagar
PRSI Slapray
oy prediiad aae | swe
P SuvgySnone
8 SY RIS Sorgdos i ogprrads op

LLGE "0

SNAS ALONIN R DHNIN?

-:- A-.-—-_- U |
‘spratosd U}
0 Saop s Ay QR n—
Sreanof sy 4.::_:..7.: ..x_.:.._: AASY n:-
I JO SAINLANI Spns .:_.:_:..,_ P
sts —1- —:-
(AASY) vou mps
RITRITIRY .:_-.
.1.:‘..2 (] _:m S Yo
...A— SOUA £2aIg quanidogoay gy .:_. ._
S meeQ
" gaaans AN puneg s dugsian
__ oy duo .::: Luaite e
PO S Papa) ies vonyg

s :.. ISTITTY

durprom

DSOPEY I IEPURII SHONNIISUL [EIDADS 'S21N08
=g OIIppy g vpep pazgeaads
Annbow o) e uno Az
SIOOUIS A PUY PRI ) pUE SIS Py

NS o) apepear
v 0y sadoase

1pred o g
P Auisuas ap

e ..u:.a:: (]
a5 Momay jo suonenpddy
‘Susiaamgn npang g
RHNTH TR R 1N
sy wew
Ko o fomxagy
2T NIRRT TR TET B XY
_.r_< ;4:_...:_. 1
(A IS Cspeg Ynorg aJm: ...:.—J
nuopge) ‘vieay ¢
.(:.n ooy ‘g .

[ERFUW 1T ]
ap Wy ,::.....:-s._
(nopgs g uyof Sq
(qrdag  Caavg puw
BION] :— SapIfs) suog 9
MaN mbaanhngpy ‘o
::..U snoy)

wou .:_.._ P
10 h.:—..-: ..:-u—
'.—.v H- ued r..d—.-—.a .J.\-—.v— d.-:-:.-
-yqoad dynuaras K pue

Swag
0suas

s jo sapygs
" apraosd
Apguprean e Spre eosyy

,4.-_—- \—-— S22un0s fuva .—_—- ‘nv BIURN
SN s pue FUISHAS NOUIRE 0) AU e $I0)
.,::.n.: an Maym e Speadsa

DOQYIOM AL ) Ay o)
"y

TS ETIES
PRSY SASPAIND uonradiEug sey e o
SpeM e apnpny =.>— "N
..::__:_:..- (]} .
gy vueg
‘Nanoug g

S 1O veraay)
apupt Loy woneygqud a0y panedard

Hugag aave spxay Hwgsuas-ay Moraag

‘S
‘.-,:. v Hupeag Lq .’.!. 1 easupa puagan
) jruenpp» 1og
yoony : PALSHAND Pasn D)
V) InuPuos =.,: § Y CSONNG PN ey 1y

"

AANIONA DNLLANNYUDOLONA 693

g
aprprand Spquaond g prom < W jo Spevopd
A b 10A ©Mm)) ..\.. .7.:....:., o)
0D DL SHORMNSIYE [EIAAD e pasn
G S GRGY CEnau ..w:_.:_.- 10 Anoog
Muy) Hupsuag Aoy fo pmappy oy
SYoq
prov sHupaasosd visodwgs Hupsuag 2pomay
Pre Jursaawiing opaan :.Z::::T—
sprenof sy pr {no
-nnsmy SN pangnhas o .A:_,-.. B}
10y K10y
O pugy Siompnapsug x:..:
(rL6h)
Anpauniitojoyg fo spuaapy s oy vy
vaiogoyd
.:.r::: Pue wonmaridiayuy a-x.:..::
" :\...Zu. poqd oy (ogGL) Avy 0
Pregony Aq gL oN aadeg peaogssajony £oa
-mg eiiogoany - <1 21 ..:..:__.—
VO IND) PASH s prou ..:_- SASINOD ey Jo
Wwamad ¢ 10) pasn s o umoyd
"o r.< SN0y jo Juan
pasn sy p Hrigsuas
PAPNPUL Uy () 1S -:—3«.: -.—::.J.::.Z
pruay fo wopmpsntaangug s Araay m
., ST o) peyaadan .:..:_.:...
MOWDY PAISH APIPIM SO Iy (] 1S :
SYOOQINNY 19 P SPpEas Jo asn gy
Aq pawamapddns pue PAopnIL 21 suop)
NSUY SHOLIRA ) |0 SDINEDI) W0OISSE])

200 Jo penowe
eI u.._: [{})

anhasuny .:: Spaan g e

way apty

pur s
. () 23 _::.
A F LAY BRI .a:... gy v (3)
ooy geg-as Ln] R R EAUY PRI LU LT )
ETEYNET I M poe Gyt [{})
rsannp
{1} ._:—. SAAMAG ANS
s Hagpeei
:.:7: ._..... :::::: v pe

RUTURTE IO

anad og)  d..
AL Ldaound Ly
N <y g
wononns
Akl

.._..—. [ (ORI
R OAT LN IO ERY

JTRITTLDRT

-om) ¢ tFinsuas ap
Adojouyaayg  qo

g0 g ang) g
onvaofug wingn

Joamawmpedagg "

1ssaond o Sy
303 penpeai

Ansng
WY O0) aepnus ep
swemfiosd waouy on o

s vl pooii
ORI ITNTEN

1 DA00

xR

"W

7y 10

DY

(UL
...._ ..._. YA pauasued sy unad
A1 Ay, |
(MR} _::. ‘nmx) .:.:_..v:_.....: _:.._._.__.

sy
yep e

mag puoain
e
X DI UTINTRI
(IR

Y m

[ITINN

MS S
dn_-}-.:_
a8

nensey
n..;—.-ﬂ ——.J:
gl )

Ans
S onapoary
mo

12 deed oy waap waye sy se papupy

¥ Agn

IR UTURITERE B Sapsepy e

.:- Pnmbas W Mo ey

wea

[RLUNT]

Sy oy

.....:..a_. apraoad jou op Lnaanee
"

" S Aowmay
D000 Py S

] ._, e ,..__

Anmpsug sy .:.,. XY —
5 OPRINGO7) Csean asagy w :.._..J::_m

RESTIITR]

10 ‘A

S o
Fugsans

Aapoyd
{1}

ano u

VARG (S5 :_:.J

A ......:._.: L3

(Q srp) wp
Paren gy

MAugsuos n
RULY TR

YIS 0 a0 o)

Mo

Sunmadood R L AU
Pasn an sadey Ay g sassep Spannnessiojogd
109PIA ANSIPANINY 2ING oprIojo)
‘canl IUITRETE{ 1Yoray aane ] _...:_:...;
- AR SAISIAAIUN om |

Namy

195

Mowar v Sy
NS ONOF 1%
" x-s_ v in

vy

ANNKVHOOLONIDINIS!

Lo sas

1508 Apnp
by pned [EEITIT

"

I e o s

idl AR AL
o ue

s poe ()

13400 10

Pagger

"

Py

tdojoyd pue Hay
o axpsuaynadined ey §
1O MM ASHY) o S

se ooy sding

v
Is Jo svean

14 a0 oy
1) sommg
RILTT]

opvpd

N9 s»
neojoyd
na

b oy

Munagop M A Oon
easiogoyd sy

as AL0oNIN




SELECTED BIBLIOGRAPHY:
GENERAL REMOTE SENSING REFERENCES
Compiled by Applications Branch
EROS Data Center

Allum, J. A. E., 1966, Photogeology and regional mapping: New York,
Pergamon Press, 107 p.

Avery, T. E., 1966, Forester's guide to aerial photo interpretation:
Washington, D.C., U.S. Department of Agriculture, Forest Service,
Agricultural Handbook 308, 40 p.

--=1977, Interpretation of aerial photographs (3d ed.): Minneapolis,
Minnesota, Burgess Publishing Company, 392 p.

Barrett, E. C., and Curtis, L. F., 1974, Environmental remote semnsing:
applications and achievements: New York, Crane, Russak & Company,
Inc., 309 p.

Bernard, B., 1970, A B C's of iﬁfrared: New York, H. W. éams & Company,
Inc., 144 p.

Branch, M. C., 1971, City planning and aerial information: Cambridge,
Massachusetts, Harvard University Press, 283 p.

Colwell, R. N., 1971, Monitoring Earth resources from aircraft and
spacecraft: Washington, D.C., NASA-SP 275, 170 p.

Darden, L., 1974, The Earth in the looking glass: New York, Anchor
Press, 324 p.

Davis, K. M., 1966, Uses of air photos for rural and urban planning:
Washington, D.C., U.S. Department of Agriculture, Economic Research

Service, Agriculture Handbook 315, 42 p.




Denny, C. S., Warren, C. é., Dow, D. H., and Dale, W. J., 1968, A
descriptive catalog of selected aerial photographs of geologic
features in the United States: U.S. Geological Survey Professional
Paper 590, 79 p.

Estes, J. E., and Senger, L. W., 1974, Remote sensing--techniques for
environmental analysis: Santa Barbara, California, Hamilton
Publishing Company, 340 p.

Harper, D., 1976, Eye in the sky; introduction to remote sensing:
Montreal, Multiscience Publicatioms, 164 p.

Holz, R. K., 1973, The surveillant science, remote sensing of the
environment: Boston, Massachusetts, Houghton Mifflin Company,

380 p.

Howard, J. A., 1970, Aerial photo-ecology: New York, American Elsevier
Publishing Company, Inc., 325 p.

Jenson, N., 1968, Optical and photographic reconnaissance.systems:

New York, John Wiley and Sons, Inc., 211 p.

Johnson, P. L., 1969, Remote sensing in ecology: Athens, Georgia,
University of Georgia Press, 244 p.

Kroeck, D., Everyone's space handbook: Arcata, California, Pilot Rock,
Inc., 175 p.

Lattman, L. H., and Ray, R. G., 1965, Aerial photographs in field
geology: New York, Holt, Rinehart, and Winston, Inc., 221 p.

Lueder, D. R., 1959, Aerial photographic interpretation: New York,
McGraw-Hill Book Company, 462 p.

Miller, V. C., and Miller, C. F., 1961, Photogeology: New York,

McGraw-Hill Book Company, 248 p.

V-2




National Academy of Sciences, 1970, Remote semnsing with special reference
to agriculture and forestry: Washington, D.C., National Academy of
Sciences, 424 p.

NASA, 1974, Skylab Earth resources data catalogue: Houston, Texas,
Lyndon B. Johnson Space Center, 359 p.

Ray, R. G., 1960, Aerial photographs in geologic interpretation and
mapping: U.S. Geological Survey Professional Paper 373, 230 p.

Reeves, R. G., editor, 1975, Manual of remote sensing: Falls Church,
Virginia, American Society of Photogrammetry, 2 vol., 2142 p.

Rudd, R. D., 1974, Remote sensing--a better view: Belmont, Califormnia,
Duxbury Press, 135 p.

Sabins, F. F., Jr., 1978, Remote sensing-principles and interpretation:
San Francisco, W. H. Freeman and Company, 426 p.

Scherz, J. P., and Stevens, A. R., 1970, An introduction to remote
sensing for envirommental moniéoring: Madison, Wisconsin,
University of Wisconsin, Remote Sensing Program, Report No. 1,

80 p.

Short, N. M., and Lowman, P. D., Jr., 1973, Earth Observations from

space--outlook for the geological sciences: Greenbelt, Maryland,
. Goddard Space Flight Center, 115 p.

Short, N. M., Lowman, P. D., Jr., Freden, S. C., and Finch, W. A. Jr.,
1976, Mission to Earth: Landsat views the world: Washington, D.C.,
National Aeronautics and Space Administratiom, NASA SP-360, 459 p.

Smith, J. T., editor, 1968, Manual of color aerial photography: Falls

Church, Virginia, American Society of Photogrammetry, 550 p.




Soil Survey Staff, 1966, Aerial-photo interpret;tion in classifying and
mapping soils: U.S. Department of Agriculture, Soil Conservation
Service, Agriculture Handbook 294, 89 p.

Spurr, S. H., 1960, Photogrammetry and photo-interpretation: New York,
Ronald Press Company; 472 p.

Strandberg, C. H., 1967, Aerial discovery manual: New York, John Wiley
and Soms, Inc., 249 p.

Thompson, M., editor, 1966, Manual of photogrammetry (3d ed.): Falls
Church, Virginia, American Society of Photogrammetry, 2 vol.,

1199 p.

UNESCO, 1968, Aerial surveys and integrated studies--Toulouse Conference
Proceedings: Paris, France, UNESCO, 575 p.

von Bandat, H. F., 1962, Aerogeology: Houston, Texas, Gulf Publishing
Company, 350 p.

Way, D. S., 1973, Teréain analysis: Stroudsburg, Pennsylvania, Dowden,
Hutchinson and Ross, Inc., 392 p.

Wiedel, J. W., and Kleckner, R., 1974, Using remote sensor data for land
use mapping and inventory--a user guide: U.S. Geological Survey

Interagency Report USGS-253, 54 p.

V-4




A SELECTED BIBLIOGRAPHY:
REMOTE SENSING IN WILDLIFE
1978

Wildlife Habitat Mapping, Inventory, and Evaluation

Terrestrial

Best, R. G., and Sather, S., 1978, The interpretation of available
winter wildlife habitat from Landsat imagery: Brookings,

South Dakota, South Dakota State University, Remote Sensing
Institute, SDSU RSI-J-78-02.

Brabander, J., 1975, The evaluation of wildlife habitat on the Lake
Carl Blackwell land use area utilizing ERTS [Landsat] satellite
imagery: Oklahoma Wildlife Reseafch Unit Quarterly Report, v. 28,
no. 3°

Carneggie, D. M., 1969, Remote sensing applications to wildlife
management and habitat control, in The use of remote sensing in
conservation, development, and management of the natural resources
of the state of Alaska: Juneau, Alaska, Department of Economic
Development, p. 91-97.

--=1972, Large scale 70 mm aerial photographs for evaluating ecological
conditions, vegetational changes, and range site potential:
Berkeley, California, University of Califormia, Ph.D. thesis, 180 p.

Craighead, J. J., 1976, Studying grizzly habitat by satellite:

National Geographic, v. 150, no. 1, p. 148-158.

vVi-1




Driscoll, R. S., and Reppert, J. N., 1968, The identification and
quantification of plant species, communities and other resource
features in herbland and shrubland environments from large scale
aerial photography: Fort Collinms, Colorado, U.S. Forest Serv;ce,
USDA, Rocky Mountain Forest and Range Experiment Station, Annual

- Progress Report, 52 p.

Frentress, C. D., and Frye, R. G., 1975, Wildlife management by habitat
units - a preliminary plan of actiom, in Proceedings of the NASA
earth resources survey symposium, Houston, Texas, June, 1975:
Houston, Texas, Nationmal Aeronautics and Space Administrétion,

v. 1-A, p. 245-262.

George, T. H., Stringer, W. J., and Baldridge, J. N., 1977, Reindeer
range inventory in western Alaska from computer-aided digital
classification of Landsat data, in Proceedings of the 1llth
international symposium on remote sensing of enviromment, Ann Arbor,
Michigan, Environmental Research Institute of Michigan, v. 1,

p. 671-682.

Lent, P. C., 1975, Use of Landsat imagery for wildlife habitat mapping
in northeast and east-central Alaska: Fairbanks, Alaska,
University of Alaska, 19 p.

Lent, P. C., and LaPerriere, A. J., 1974, Application of ERTS [Landsat]
imagery to study of caribou movements and winter habitat:
Fairbanks, Alaska, University of Alaska, Alaska Cooperative
Wildlife Reserve Unit, Final Report for NASA, Goddard Space Flight

Center, Greembelt, Maryland, 44 p.

Vi-2




Merchant, J. W., Jr., and Waddell, B.’H., 1974, The use of high altitude
photography and ERTS-1 [Landsat-1] imagery for wildlife habitat
inventory in Kansas, in Proceedings of the 1974 fall convention,
Washington, September 10-13, 1974: Falls Church, Virginia,
American Society of Photogrammetry, p. 220-231.

Meyer, M. P., 1975, 35 mm aerial photography applications to wildlife
population and habitat analysis, in Workshop on remote sensing of
wildlife: Quebec, Canada.

Meyers, V. I., 1977, Appligation of remote sensing Qgchnology in
South Dakota to access wildlife habitat change, describe
meandering lakes, improve agricultural censusing, map Aspen, and
quantify: Brookings, South Dakota, South Dakota State
University, 80 p.

Miller, D. R., and Barmhart, H. W., 1973, Coloured aerial photography as
an aid to the study of taiga as caribou winter range in Aerial
color photography in the plant sciences and related fields: Falls
Church, Virginia, American Society of Photogrammetry, p. 259.

Poulton, C. E., ed., 1975, Range resources; inventory, evaluation and
monitoring, cﬁap. 18 of Reeves, R. G., ed., Manual of remote sensing:
Falls Church, Virginia, American Society of Photogrammetry, v. 2,
p. 1427-1478.

Reeves, H. M., Cooch, F. G., and Munro, R. E., 1976, Monitoring Arctic
habitat and goose production by satellite imagery: Journal of

Wildlife Management, v. 40, no. 3, pP. 532-541.

VI-3




Scheierl, R., and Meyer, M. P., 1977, Habitat analysis of the Copper River

Delta Game Management Area (East Side), Alaska: St. Paul,
Minnesota, University of Minnesota, Institute of Agriculture,
Forestry, and Home Economics, Remote Sensing Laboratory Research
Report 77-8,'104 D

Shanholtzer, G. F., and Aiexander, L. D., 1975, The application of
Landsat data to habitat mapping in site and route selection studies,
in Proceedings of the American Society of Photogrammetry and
American Congress on Surveying and Mapping fall convention,
Phoenix, Arizoma, October 26-31, 1975: Falls Church, Virginia,
American Society of Photogrammetry, p. 483-494.

Varney,.J. R., Craighead, J. J., and Summer, J. S., 1974, An evaluation
of the use of ERTS-1 [Landsat-1] satellite imagery for grizzly bear
habitat, in Third Earth Resources Technology Satellite-l
(Landsat-1] symposium, Washingtom, D.C., December 10-14, 1973:
Washington, D.C., National Aeronautics and Space Administratiom,
Goddard Space Flight Center, NASA SP-351, v. 1, sec. B,

p. 1653-1670.
Wetlands

Anderson, R. R., Carter, Virginia, and McGinness, John, 1974,
Applications of ERTS [Landsat] data to coastal wetland ecology with
special reference to plant community mapping and typing and impact
of man, in Third Earth Resources Technology Satellite-l [Landsat-1]
symposium, Washington, D.C., December 10-14, 1973: Washington, D.C.,
National Aeronautics and Space Administration, Goddard Space Flight

Center, v. 1, sec. B, p. 1225-1255.

VIi-4




Anderson, R. R., and Wobber, F. J., 1973, Wetlands mapping in
New Jersey: Photogrammetric Engineering, v. 39, no. 4, p. 353-358.

Arp, G. K., 1975, The rationale for attempting to defide salt marsh
mosquito-breeding areas in Galveston County by remote sensing the
associated vegetation, in Proceedings of the NASA earth resources
survey symposium, Houston, Texas, June, 1975: Houston, Texas,
National Aeronautics and Space Administration, v. l-A, p. 289-299.

Austin, A., and Adams, R., 1978, Aerial color and color infrared survey
of marine plant resources: Photogrammetric Engineering and Remote
Sensing, v. 44, no. 4, p. 469-480.

Brown, W. W., 1978, Wetland mapping in New Jersey and New York:

Photogrammetric Engineering and Remote Sensing, v. 44, no. 3

p. 303-314.

Burge, W. G., and Brown, W. L., 1970, A study of waterfowl habitat in
North Dakota using remote sensing techniques: Ann Arbor, Michigan,
University of Michigan, Willow Run Laboratories, Institute of
Science and Technology, Technical Report No. 2771-7-F, 61 p.

Carter, V., and Schubert, J., 1974, Coastal wetlands analysis from Earth
Resources Technology Satellite multispectral scanner, in
Proceedings of the ninth international symposium on remote sensing
of enviromment, Ann Arbor,JMichigah, April 15-19, 1974: Ann Arbor,
Michigan, Envirommental Research Institute of Michigan, v. 2

b

p. 1241-1260.
Colwell, John C., 1978, Use of Landsat data to assess waterfowl habitat

quality: Ann Arbor, Michigan, Environmental Research Institute of

Michigan, 92 p.




Cowardin, Lewis, and Myers, V. I., 1973, Remote sensing for
identification and classification of wetland vegetation: Journal
of Wildlife Managément, v. 38, no. 2, p. 308-314.

Enslin, W. R., 1973, The use of color infrared photography for wetlands
mapping with special reference to shoreline and waterfowl habitat
assessment: East Lansing, Michigan, Michigan State University,

33 p.

Klemas, Vytautas, Déiber, F. C., Bartlett, David, and Athers, 1974,
Inventory of Delaware's wetlands: Photogrammetric Engineering,

v. 40, no. 4, p. 433-439.

Reimold, R. J., Gallagher, J. L., and Thompson, D. E., 1973, Remote
sensing of tidal marsh: Photogrammetric Engineering, v. 39, no. 5,
p. 477-488.

Scheierl, R., and Meyer, M., 1976, Evaluation and inventory of waterfowl
habitats of the Cooper River Delta, Alaska, by remote sensing:

St. Paul, Minnesota, University of Minnesota, Institute of
Agriculture, Forestry and Home Economics, Remote Sensing
Laboratory Research Report 76-3, 46 p.

Seher, J. S., 1972, Color and color infrared aerial photography for
waterfowl habitat evaluation: Reno, Nevada, University of Nevada,
Nevada Agricultural Experimental Station, Teéhnical Bulletin 16,
55 p.

Seher, J. S., and Tueller, P. T., 1973, Color aerial photos for

marshland: Photogrammetric Engineering, v. 39, no. 5, p. 489-499.

Vi-6




Work, E. A., Jr., 1974, Application of the Earth Resources Technology
Satellite [Landsat] for momitoring the breeding habitat of
migratory waterfowl in the glaciated prairies: Amn Arbor,

Michigan, University of Michigan, Masters thesis, 107 p.

Work, E. A., Jr., Gilmer, D. S., and Klett, A. T., 1974, Utility of ERTS
[Landsat] for monitoring the breeding habitat of migratory
waterfowl, in Third Earth Resources Technology Satellite-1
(Landsat-1] symposium, Washington, D.C., December 10-14, 1973:
Washington, D.C., National Aeronautics and Space Administration,
Goddard Space Flight Center, NASA SP-356, v. 2, p. 102-115.

Aquatic

Clarke, G. L., and Ewing,. G. C., 1972, Remote spectroscopy of the sea for
biological production studies, in Proceedings of the optical aspects
of oceanography symposium, Copenhagen, Denmark, June 15-23, 1972:
New York, New York, Acad Press, p. 389-413.

Dobie, J., and Johmson, R., 1951, Pond mapping by aerial photographs:
Journal of Wildlife Management, v. 15, no. 2, p. 221.

Gilmer, D. S., and Work, E. A., 1975, Utilization of satellite
data for inventorying prairie ponds and lakes. Landsat-l data were
used to discriminate ponds and lakes for waterfowl management:

Jamestown, North Dakota, Northerm Prairie Wildlife Research Center,

10 p.

VIi-7




Greentree, W. J., and Aldrich, R. C., 1976, Evaluating stream trout
habitat on large-scale aerial color photographs: Berkeley,
California, Pacific Southwest Forest and Range Experiment Stationm, 1
USDA Forest Service Research Paper PSW-123, 21 p. ‘
Meyer, M. P., Eng, R. L., and Gjersing, F. N., 1974, Waterfowl
management using color IR: Photogrammetric Engineering, v. 40;
no. 2, p. 165-168. '
Moore, D. G., Wehde, M., and Martin, D., 1974, Evaluation of remotely
sensed data for estimating water quality and fish habitat of the
Missouri River Reservoirs in central South Dakota: Brookings,
South Dakota, South Dakota State University, Remote Sensing

Institute, Report No. SDSU-RSI-74-11, 66 P-.

Pearcy, W. G:, 1971, Remote sensing and the pelagic fisheries
environment off Oregon, in Proceedings of the symposium on remote
sensing in marine biology and fishery resoﬁrces: College Stationm,
Texas A and M University, Remote Sensing Centér, p. 158-171.

Work, E. A., Jr., and Gilmer, D. S., 1976, Utilization of satellite data
for inventorying prairie ponds and lakes: Photogrammetric
Engineering and Remote Sensing, v. 42, no. 5, p. 685-694.

Work, E. A., Jr., Gilmer, D. S., and Klett, A. T., 1974, Utilization of
Skylab (EREP) for appraising changes in continental migratory bird
habitat: Greenbelt, Maryland, Goddard Space Flight Center,

Type III final report, 86 P-

VI-8




Wildlife Census

General Methodology

Caughley, G., and Goddard, J., 1972, Improving the estimates from
inaccurate censuses: Journal of Wildlife Management, v. 36, no. 1,
p. 135-140.

Caughley, G., Sinclair, R., and Scott-Kemmis, D., 1976, Experiments in
aerial survey: Journal of Wildlife Management, v. 40, no. 2,

p. 290-300.

Heyland, J. D., 1972, Vertical aerial photography as an aid in wildlife
population studies, in Proceedings of the first Canadian symposium
on remote sensing, Ottawa, Ontario, February, 1972: Ottawa,
Ontario, Canada, Canada Centre for Remote Semsing, v. 1, p. 121-136.

-==1975, Increase the accuracy of your airborne censuses by means of
vertical aerial photographs, in Workshop on remoté sensing of
wildlife: Quebec, Canada.

Marten, G. G., 1972, The remote sensing approach to censusing:
Researches on Population Ecology, v. 14, no. 1, p. 36-37.

Norton-Griffiths, M., 1974, Reducing counting bias in aerial census by
photography: East Africa Wildlife Journal, v. 12, no. 3,

p. 245-248.
Mammals
Bergerud, A. T., 1963, Aerial winter census of caribou: Journal of

Wildlife Management, v. 27, p. 438-449.

VI-9




Buechner, H. K., Craighead, F. C., Jr., Craighead, J. J., and Cote,

C. E., 1971, Satellites for research on free roaming animals:
Bioscience, v. 21, no. 24, p. 1201-1205.

Craighead, J. J., 1971, Satellite monitoring of black bear: Bioscience,
v. 21, no. 24, p. 1206-1211.

Croon, G. W., McCullough, D. R., Olson, C. E., and Queal, L. M., 1968,
Infrared scanning techniques for big game censusing: Journal of
Wildlife Management, v. 32, no. 4, p. 751-759.

Croze, H., 1972, A modified photogrammetric technique for assessing
age-structures of elephant populations and its use in Kidepo
National Park: East Africa Wildlife Jourmal, v. 10, no. 2,

p. 91-115.

Dairon, L. N., and Wilsom, R. T., 1974, Remote sensing techniques for
wildlife inventories in the coastal marsh - the muskrat, in
Shahrohki, F., ed., Remote sensing of Earth resources:

Tullahoma, Tennessee, the University of Tennessee, v. 3,
p. 685-696.

Driscoll, R. S., and Gill, R. B., 1972, Middle Park deer study - remote
sensing of deer population parameters: Colorado Division Wildlife
Game Section, Federal Aid Project W-38-R-14, Game Research Report,
pt. 3, p. 253-265.

Driscoll, R. S., and Watsom, T. C., 1974, Aerial photography for pocket
gopher populations, in Proceedings of the symposium on remote
sensing and photo interpretatiom, Banff, Alberta, Canada,

October 7-11, 1974: Ottawa, Ontario, Canada, Canada Centre for

Remote Sensing, v. 2, p. 481-492.

VI-10




Garvin, L. E., Beatty, F. D., and Zanon, A. J., 1964, Infrared detection
of moose: Rome, New York, Rome Air Development Center,
Reconnaissance Data Extraction Branch, Interpretation and Analysis
Section, 39 p.

Goddard, J., 1967, The validity of censusing black rhinoceros
populations from the air: East Africa Wildlife Jourmal, v. 5,

p. 18-23.

Graves, H. B., Bellis, E. D., and Knuth, W. M., 1972, Censusing white
tailed deer by ai:borne thermal infrared imagefy: Journal Wildlife
Management, v. 36, no. 3, p. 875-884.

Heylaﬁd, J. D., 1974, Aspects of the biology of Beluga (Delphinapterus
Leucas Pallas) interpreted from vertical aerial photographs:
Guelph, University of Guelph, 390 p.

Huddleston, H. F., and Roberts, E. H., 1968, Use of remote sensing for
livestock inventories, in Proceedings of fifth symposium on remote
sensing of environmment, Ann Arbor, Michigan, April 16-18, 1968:

Ann Arbor, Michigan, University of Michigan, p. 307-323.

Isakson, R. E., Werner, H. D., and Schmer, F. A., 1975, White-tail deer
census in selected areas of eastern South Dakota using remote
sensing techniques: Brookings, South Dakota, South Dakota State
University, Remote Sensing Institute, SDSU-RSI-75-04, 38 p.

Lavigne, D. M., 1976, Counting Harp seals with ultra-violet photography:

Polar Record, v. 18, no. 114, p. 269-277.

VIi-11




Lavigne, D. M., and Oritsland, N. A., 1974, UV photography a new
application for remote sensing of mammals: Canadian Jourmal of
Zoology, V. 52, mo. 7, p. 939-941.

LeResche, R. E., and Rausch, R. A., 1974, Accuracy and precision of aerial
moose censusing: Journal of Wildlife Management, V. 38, no. 2,

p. 175-182.

Marchinton, R. L., 1969, Portable radios in determination of ecological
parameters of large vertebrates with reference to deer, in Johnsom,
P. L., ed., Remote sensing in ecology: Athens, Georgia, University
of Georgia Press, p. 148-163.

McCullough, D. R., Olsom, C. E., Jr., and Queal, L. M., 1969, Progress
in lafge animal census by thermal mapping, in Johnson, P. L., ed.,
Remote sensing in ecology: Athens, Georgia, University of Georgia
Press, p. 138-147.

Parker, H. D., Jr., 1972, Airborme infrared detection of deer: Fort
Collins, Colorado, Colorado State University,.Ph.D. thesis, 186 p.

Rice, W. R., and Harder, J. D., 1977, Application of multiple aerial
sampling to a mark-recapture census of white-tailed deer: Jourmal
of Wildlife Management, v. 41, no. 2, p. 197-206.

Siniff, D. B., and Skoog, D. O., 1964, Aerial censusing of caribou using
stratified random sampling: Journal of Wildlife Management, v. 28,

no. 2, p. 391-401.

vI-12




Wride, M. C., and Baker, K., 1977, Thermal imagery for census of
ungulates, in Proceedings of the llth international symposium
on remote sensing of environment, Ann Arbor, Michigan, April 25-29,
1977: Ann Arbor, Michigan, Envirommental Research Institute of
Michigan, v. 2, p. 1091-1099.

Birds

Bartholomew, G. A., and Pennycuick, C. J., 1973, The flamingo and
pelican populations of the Rift Valley Lakes in 1968-1969: East
Africa Wildlife Jourmal, v. 11, no. 2, p. 189-198.

Blokpoel, K., 1973, Radar studies of airbornme bird movements, in
Workshop on remote sensing of wildlife: Quebec, Canada.

Chattin, J. E., 1952, Appraisal of California waterfowl concentrations
by aerigl photography, in Transactions of the 17th North American
wildlife conference, Washington, D.C., 1953: p. 421-426.

Grzimek, M., and Grzimek, B., 1960, Flamingoes censuses in East Africa
by aerial photography: Journal of Wildlife Management;-v. 24,
no. 2, p. 215-217.

Henny, C. D., Anderson, D. R., and Pospahala, R. S., 1972, Aerial
surveys of waterfowl production in North America, 1955-1971:

U.S. Fish and Wildlife Service, Special Science Report - Wildlife
No. 160, 48 p.

Heyland, J. D., 1975, Monitoring nesting success of greater snow geese
by means of satellite imagery, in Proceedings of third Canadian
symposium on remote sensing, Edmonton, Alberta, Canada: Ottawa,
Ontario, Canada, Canadian Aeromnautics and Space Institute,

p. 243-254.

VI-13




Hickman, G. L., 1975, Aerial determination of golden eagle nesting
status: Journal of Wildlife Management, v. 36, no. 4, p. 1289-1292.

Kerbes, R. H., and Moore, H. D., 1975, Use of current satellite imagery
to predict the nesting success of lesser snow geese, in Workshop on
remote sensing of wildlife: Quebec, Canada.

Leonard, R. M., and Fish, E. B., 1974, An aerial photographic technique
for censusing lesser sandhill cranes: Wildlife Society Bulletin,
v. 2, no. 4, p. 191-195.

Pospahala, R. S., Brazda, A. R., Hansom, R. C., and others, 1975, Aerial
surveys of waterfowl breeding populations in North America,
1955-1973: U.S. Fish and Wildlife Service, Special Science Report--
Wildlife Service, 48 p.

Fish

Eicher, G. J., 1953, Aerial methods of assessing red salmon population
in eastern Alaska: Journal of Wildlife Management, v. 17, no. &,
p. 521-527.

Kelez, G. B., 1947, Measurement of salmon spawning by means of aerial
photography: Pacific Fisherman, v. 45, no. 3, p. 49-51.

Maughan, P. M., and Marmelstein, A. D., 1971, Operatiomal use of remote
sensors in commercial fishing, in Proceedings of the symposium on
remote sensing in marine biology and fishery resources: College

Station, Texas A and M University, Remote Sensing Center, p. 8-24.

VI-14




Midttun, Lars, 1971, Acoustic methods for estimation of fish abundances,
in Proceedings of the symposium on remote sensing in marine biology
and fishery resources: College Statiom, Texas A and M University,
Remote Sensing Center, p. 218-226.

Roithmayr, C. M., 1970, Airborne low-light sensor detects luminescing
fish schools at night: Commercial Fisheries Review, v. 32, no. 12,
p. 42-51.

Saila, S. B., 1971, An application of the theory of games toward
impfoving the efficiency of certain pelagic fishing operations, in
Proceedings of the symposium on remote sensing in marine biology
and fishery resources: College Station, Texas A and M University,
Remote Sensing Center, p. 249-265.

Savastano, K. J., and Leming, T. D., 1975, The feasibility of utilizing
remotely sensed data to assess and monitor oceanic game fish, in
Proceedings of NASA earth resources survey symposium, Houston,
Texas, June, 1975: Houston, Texag, National Aeronautics and Space
Administration, V-I-C, p. 2023-2062.

Stevenson, W. H., Kemmerer, A. J., Atwell, B. H., and Maughan, P. M.,
1973, A review of initial investigations to utilize ERTIS-1 data in
determining the availability and distribution of living marine
resources, in Third Earth Resources Technology Satellite-1
(Landsat-l] symposium, Washington, D.C., December 10-14, 1973:
Washington, D.C., National Aeronautics and Space Administrationm,

Goddard Space Flight Center, v. 2, p. 1317-1320.

VI-1i5




General Wildlife Applications

Dornfeld, Rick, 1976, Operational uses of remote sensing by the Fish
and Wildlife Service in North Dakota, in Dando, W. A., and
Johnson, G. E., eds., Innovations in land use management, 1976:
Grand Forks, ﬁorth Dakota, University of North Dakota Press,

p. 123-128.

Drennan, K. L., 1975, Some potential applications of remote sensing in
fisheries, in Symposium on remote sensing in marine biology and
fishe;y resources: College Station, Texas A and M University,
Remote Sensing Center, p. 25-65.

Freidel, J. J., and Best, R. G., 1978, Remote sensing a new tool in
wildlife management: Brookings, South Dakota, South Dakota State
University, Remote Sensing Institute, SDSU-RSI-J-78-06, 10 p.

Grumstrup, P., and Meyer, M. P., 1977, Applications of large scale
35 mm color and color infrared aerial photography to analysis of
fish and wildlife resources on disturbed lands: St. Paul,
Minnesota, University of Minnesota, Institute of Agriculture,
Forestry and Home Economics, Remote Sensing Laboratory Research
Report 77-3, 70 p.

Hawes, R. A., and Hudson, R. J., 1976, A method of regiomal landscape
evaluation for wildlife: Jourmal of Soil and Water Comservation,
v. 31, no. 5, p. 209-211.

Howard, J. A., 1970, Aerial photo-ecology: New York, New York,

American Elsevier Publishing Company, Incorporated, 325 p.

VI-16




Kansas Applied Remote Sensing Program, Kansas Forestry, Fish and Game
Commission, 1976, The application of remote semsing to wildlife
management in Kansas: Lawrence, Kansas, Kansas Applied Remote
Sensing Program, The University of Kamsas, 30 p.

Leedy, D. L., 1948, Aerial photographs, their interpretation and
suggested uses in wildlife management: Journal of Wildlife
Management, v. 12, no. 2, p. 191-210.

--—1953,.Aerial photo use and interpretation in the fields of wildlife

- and recreation: Photogrammetric Engineering, v. 19, no. 1,

p. 127-137. |

---1960, Photo interpretation in wildlife management, Chapter 8 of
Colwell, R. N., ed., Manual of photographic interpretation:
Washington, D.C., American Society of Photogrammetry, p. 521-530.

Nelson, H. K., Klett, A. T., and Burge, W. G., 1970, Monitoring
migratory bird habitat by remote sensing methods, in Tramsactions
of 35th North American wildlife and natural resources conference:
Washington, D.C., Wildlife Management Institute, p. 73-84.

Nichol, J. E., 1975, Collection and processing of remote sensing data
related to wildlife comservation in natural environments, in
Proceedings of the tenth international symposium on remote sensing
of énvironment, Ann Arbor, Michiéan, October 6-10, 1975:

Ann Arbor, Michigan, Environmental Research Institute of Michigan,

v. 1, p. 369-372.

VI-17




Pipland, R. 0., 1973, Remote sensing techniques for support of coéstal
zone resource management, in Proceedings of the approaches to earth
survey problems through use of space teachnology symposium,
Constance, Germany, May 23-25, 1973: Berlin, Germany,
Akad-Verlag, p. 357-372.

Reeves, H. M., Munro, R. E., and Marmelstein, A. D., 1975, U.S. Fish
and Wildlife activities in application of saéellite imagery to
-goose management, in Workshop on remote semsing of wildlife:
Quebec, Canada.

Savastano, K. J., 1975, Application of remote sensing for fishery
rasources assessment and monitoring: Bay Saint Louis, Natiomal
Marine Fisheries Service, 92 p.

Thompson, M. D., 1977, Remote sensing in operational range management
programs in western Canada, in Proceedings of the 1lth ”f
international symposium on remote sensing of environment,

Ann Arbor, Michigan, April 25-29, 1977: Ann Arbor, Michigan,

Environmental Research Institute of Michigam, v. 2, p. 1101-1110.

vI-13




GLOSSARY OF REMOTE SENSING TERMS

Prepared by Applications Branch
ERCS Data Center

Active Remote Sensing - Remote-sensing methods that provide their own
source of electromagnetic radiation. Radar is one example.

Additive Color Theory - Theory of production of color images by
addition of colored light rather than by subtraction of unwanted
colors from white light. Additive color methods are used to create
composite color images from multiband photographs.

Additive Primary Colors - The colors blue, green, and red. Filters
of these colors transmit the primary color of the filter and absorb
the other two colors. :

ADP - Automatic data processing.

Albedo - The ratio of the amount of electromagnetic energy reflected
by a surface to the amount of energy incident upon it.

Altitude - Height of semsor platform above a specified datum, usually
above mean sea level. :

Analog - A form of data display in which values are shown in graphic
form, such as curves. Also a form of computing in which values are
represented by directly measurable quantities, such as voltages or
resistances. Analog computing methods contrast with digital methods
in which values are treated numerically.

Aperture - Any opening through which radiation may pass, such as a
lens diaphragm opening.

ASP - American Society of Photogrammetry.

Aspect Ratio - The numerical ratio of Landsat pixel width to height.

" Atmospheric Windows - Wavelength intervals at which the atmosphere

transmits most electromagnetic radiationm.

Attenuation - Reduction in intensity of radiation with distance from
its source due to absorption and/or scattering (does not include the
inverse square decrease of intensity of radiation with distance from
the source).

Band - A wavelength interval in the electromagnetic spectrum. For

example, in Landsat the bands designate specific wavelength intervals
at which images are acquired.

VII-1



Batch Processing - The method of data processing in which data and
programs are entered into a computer, which then carries out the entire
processing operation with no further instructions.

Black Body - A substance that radiates energy at the maximum possible
rate per unit area at each wavelength for any given temperature. A
black body also absorbs all the radiant energy incident upon it. No
actual substance behaves as a black body although some substances,
such as lampblack, approach these properties.

BPI - Bits per inch - a measure of the density of information written
upon a magnetic computer tape. Usually 800 or 1600 BPI. 800 BPIL »
would indicate that ome (1) inch of tape holds 800 bits (binary digits).

Brightness Value - A numeric value assigned to each Landsat pixel in an
image representing the relative reflectance or brightness of that pixel.
Band 4, 5, and 6 have values of 0-127 and Band 7, 0-63.

Camera - A lightproof chamber or box in which the image of an exterior
object is projected upon a sensitized plate or film, through an opening
usually equipped with a lens or lemses, shutter, and variable aperture.

Camera Station - The point in space occupied by the camera lens at the
moment of f£ilm exposure.

Camera, Metric - A specially constructed and calibrated camera used to

obtain geometrically accurate photographs for use in photogrammetric
instruments.

Camera, Multiband - A camera that exposes different areas of one film,
or more than one film, through one lens and a beam splitter, or two or
more lenses equipped with different filters, to provide two or more
photographs in different spectral bands.

CCT - Computer Compatible Tape. Digital Landsat data are recorded on
a CCT or a set of CCT's.

CIR - Color infrared (film or photograph).
Classification - The process of assigning individual pixels of a

multispectral image to categories, generally on the basis of spectral
reflectance characteristics.

Cluster - Any configuration of elements (pixels) occurring closely
together in n-dimensional space.

Cluster Statistics - The mean, variance, and covariance statistics
calculated for a group of pixels.
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Clustering Algorithm - Unsupervised classifier - finds natural
groupings of pixels, in multispectral scanner (MSS) data, on the
basis of cluster statistics inherent within the data.

Color Composite - A color image produced with either an additive or
subtractive color prccess utilizing three bands of data. A Landsat
color composite image is made with additive processing, wherein
blue is assigned to MSS band 4, green to MSS band 5, and red to MSS
band 7. This procedure results in an image which approximates a
color-infrared photograph.

| Color Enhancement - Utilization of contrasting colors, rather than
differences in grey values, to indicate subtle changes in film density.
‘ Can be applied in single or multiemulsion situations.

| Confusion Matrix - A two axis matrix (table) that shows on one axis

the known classes and on the other axis the classes that have been
l interpreted or classified in an analysis. The matrix indicates
similarities that exist between classes and where confusion or
misclassification may exist within the data.

Contact Print - A photographic image produced by the exposure of a
sensitized emulsion in direct contact with a negative or positive
transparency.

Continuous-Strip Photograuhy - Photography of a strip of terrain in
which the image remains unbroken throughout its length along the line
of flight.

Contrast - Difference between tonmes on a photograph; the variation
in brightness of different parts of a negative or positive.

Contrast Enhancement - Image enhancement technique used to expand the
distribution of brightness values within a scene or subscene over the
available dynamic range.

Convergence of Evidence - Bringing together several kinds of evidence
in the photo interpretation process so that a conclusion may be drawn
from all available data.

CRT - Cathode ray tube (television screen for displaying electronic
images).

DAL - Data Analysis Laboratory at EROS Data Center, which contains
specialized equipment used to extract information from digital
remotely sensed data.

Datum Level - A level surface, sometimes referring to mean sea level,
which may be used as a reference for computing elevations or altitude.
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DCP - Data collection platform - on Landsat the system that acquires
information from ground-based instruments such as seismometers, flood
gauges, and other measuring devices. These data are transmitted to
the satellite and in turn are relayed to an Earth receiving station.

Definition - The degree of sharpmess with which an image is brought
out by a lens.

Densitometer - Device used to measure the grey-tone density of images
on a piece of film. The measurement may be a meter reading or an
electronic signal. When the densitometer aperture is smaller than a
few hundred microns, the instrument is called a microdensitometer.

Density - The comparative amount of silver (or dye) in a given area
of a photograph resulting from exposure to light and development.

Density Slicing - The process of converting the continuous gray tone
of an image into a series of density intervals, or slices, each
corresponding to a specific digital range. These slices are commonly
displayed in different colors on a CRT.

Destriping - Removal of the residual differences after calibration

constants have been applied to the six Landsat MSS detectors of any
band.

Detector - The component of a remote-sensing system that converts
electromagnetic radiation into a signal that is recorded.

Diaphragm - The device for controlling the size of the opening of a
lens. The size of the lens opening governs the amount of light
reaching the film. This, together with the shutter, governs the
amount of light exposure on the film.

Diazo Film - A transparent material on which image transparencies may
be reproduced in specific colors.

Digital Image - Image having numeric values representing gray tones.
Each numeric value represents a different gray tone.

Digital TImage Processing - Computer manipulation of the digital values
for picture elements of an image.

Digital Value - Data are said to have digital values when they can be
represented numerically. Necessary for computation within a computer.

Digitization - The process of converting an image recorded originally
on photographic material into numerical format. Also refers to the
referencing of ground control points or lines to a remotely-sensed
image.
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Displacement, relief - The difference in the position of a point above
or below the datum, with respect to the datum position of that point,
owing to the perspective of an aerial photograph. Relief displacement
is radial from the photo nadir. 1In truly vertical photography,

relief displacement is radial from the principal point of the photograph

Display - Graphic representation of output data from a device or system,
for example, on a radar scope. The CRT is a widely used display device
for output of "electronic' sensors data. .

Distortion - Any shift in the position of an image on a photograph
which alters the perspective characteristics of the photograph. Causes
of image distortion include lens aberration, differential shrinkage

of film or paper, and motion of the film or camera.

Dot Grid - Film positive with regularly space dots placed over a photo
or map to determine areas.

EDC - EROS Data Center. The U.S. Geological Survey facility at Sioux

Falls, South Dakota. Here aircraft and satellite images are archived
and made available for purchase.

Edge Enhancement - Digital processing technique to enhance boundaries
between features which exhibit subtle differences in brightness values
along their edges.

EDIES - EDC Digital Image Enhancement System.

EDIPS - EDC Digital Image Processing System.

Effective Area - For any aerial photograph that is ome of a series in
a flight strip, that central part of the photograph delimited by the
bisectors of overlaps with adjacent photographs. On a vertical
photograph, all images within the effective area have less displacement
than their conjugate images on adjacent photographs.

Electromagnetic (E-M) Radiation - Energy propagated through space or
through a medium as waves of variations of electric and magnetic
fields; known as radio waves, heat waves, light waves, etc., depending
upon frequency. The term radiation, alone, is used commonly for this
type of energy, although it actually has a broader meaning. Also
called electromagnetic energy or simple radiationm.

Electromagnetic Spectrum - Ordered array of known electromagnetic
radiations, extending from the shortest——cosmic rays--through gamma
rays, X-rays, ultraviolet radiation, visible radiation, infrared
radiation, and including microwave and all other wavelengths of radio
energy.




Emission - With respect to electromagnetic radiation, the process by
which a body emits electromagnetic radiation as a comnsequence of its
temperature only.

Emissivity - Ratio of the radiation emitted by a surface to the
radiation. emitted by a black body at the same temperature under
similar conditioms. May be expressed as total emissivity (for all
wavelengths), spectral emissivity (as a function of wavelength) or
goniometric emissivity (as a function of angle).

Emulsion - The light-sensitive coating on film, paper, and other bases
consisting of a mixture of silver salts and other chemicals emulsified
in gelatin. ‘

Enhancement - Various processes and techniques designed to render
optical densities on imagery more interpretable.

ERIM - Environmental Research Institute of Michigan (Ann Arbor).
EROS - Earth Resources Observation Systems, administered by U.S.
Geological Survey.

ERSAL - Environmental Remote Sensing Applications Laboratory (Oregon
State University).

ERTS - Earth Resources Technology Satellite (now Landsat).

ESL - Electromagnetic Systems Laboratories.

. Exposure - Used as a synonym for a photograph. Also, the control of
light in making a photograph. Exposure-data refers to camera shutter
and aperture settings, together with light intensity measurements,
filter factors, and all such controls of light reaching the film.

FCC - False Color Composite.

Fiducial Marks - Small markers rigidly connected to the sensor which
form images on the edges of the negative which are used to locate
the principal point of the photograph.

Field of View - All of the target area on the object side of the lens
that is subtended by the angle of view and images on the focal plane.

Film Recorder - Generates a high resolution film outpuﬁ product
(analog) using digital tape as an input medium. Film is usually
scanned one line at a time.

Film Speed - A measure of the sensitivity of photographic film to light.
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Filter - Selectively transparent material placed over a camera lens to
eliminate or reduce certain wavelengths or frequencies while leaving
others relatively unchanged.

Flight Line - The ground trace of the flight path of an aircrafct,
For truly vertical aerial photography, it is the line connecting
the map position of Principal points of successive air photos.

Focal Length - The distance measured along the lens axis from the rear
nodal point of the camera lens to the plane of best average definition
over the entire field used in the aerial camera.

Focal Plane - The plane in a camera occupied by the film and on which
the image is focused by the lens.

Focal Point - The point toward which rays of light converge to form an
image after passing through a lens or having been reflected by mirrors.
The condition of sharpest imagery.

Focus - The degree of sharpness of an image as recorded at the focal
plane.

Geometric Correction - Spatial reorganization of a data set to match
a predetermined set of spatial conditions.

GOES - Geostatiomary Operational Environmental Satellite.

Ground Control Point - Any point that has a known location on the
Earth's surface which can be identified on remote sensing imagery.

Ground Data - Information concerning the actual state of ground
conditions at the time of a remote sensing overflight. Often referred
to as ground truth.

Ground Receiving Station - A facility that records image data
transmitted by Landsat.

GSFC - Goddard Space Flight Center. The NASA facility at Greenbelt,
Maryland that includes a Landsat ground receiving station.

Hardware - Physical components which make up a computer system.
Contrast with software.

Hardwired - Logic function or algorithm that is "built-in" to a system
enabling rapid execution.

HDDT - High density digital tape.
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Histogram Normalization - Technique used to minimize effects of
striping by calculating a mean brightness value for each detector

in each band and ratioing either the maximum or minimum mean with the
mean (normalization factor). Brightness values of pixels are then
multiplied by the normalization factor and new values assigned to
pixels.

Hot Spot - An elliptical area of high solor reflectivity which appears
on vertical aerial photographs at the antisolar point, or 180° from
the direction of the Sun. Also called the 'mo shadow" point since the
shadows of ground features within the hot spot are not seen.

IDIMS - Interactive Digital Image Manipulation System (produced by ESL).

Image - The recorded representation of an object produced by optical,
electro-optical, optical-mechanical, or electronic means. It is
generally used when the EMR emitted or reflected from a scene is not
directly recorded on film (e.g., thermal infrared or radar image).

Image Enhancement - Any one of a group of operations which improve the
detectability of the targets of interest. These operations include,
but are not limited to, contrast enhancement, edge enhancement,
spatial filtering and noise suppression, and image sharpening.

Image 100 - Multispectral Image Analyzer (produced by General Electric).

Image Motion - The smearing or blurring of images on an aerial photograph
because of the relative movement of the camera with respect to the ground
.during the time the shutter is open.

Image Motion Compensation (IMC) - Movement intentionally imparted to
film at such a rate as to compensate for the forward motion of an
aircraft when photographing ground objects during exposure.

Imagery - Representation or reproduction of objects recorded on
photographic emulsions; visual representation of energy recorded by
remote sensing instruments.

Index, Photo - An index map showing photographic coverage, made by
arrariging the individual photographs in their relative positions
and photographing the montage at a reduced scale, or by plotting
photoframe coverage areas on a map or map overlay.

Infrared Film - Photographic film sensitized to record near infrared
wavelengths beyond the red end of the light spectrum. It is also
sensitive to blue and ultraviolet light and must be used with a red
filter to screen out these wavelengths.
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Infrared Radiation (IR) - Electromagnetic radiation lying in the
wavelength interval from about .7 micrometers to an indefinite upper
boundary sometimes arbitrarily set at 1,000 micrometers (0.01 centimeter).
At the lower limit of this interval, the infrared radiation spectrum

is bounded by visible radiation, whereas on its upper limit it is

bounded by microwave radiation of the type important in radar remote
sensing.

Infrared Scanner - Instrument for obtaining thermal infrared imagery
through line scanning techniques.

Infrared Thermal Sensing - Line scanning techniques using infrared
scanners with detectors. Usually, the imagery is obtained from
selected portions of the 3 to 14 micron region of the spectrum.

Instantaneous field of view (IFOV) - The solid angle through which a
detector is sensitive to radiation. 1In a scanning system this refers
to the solid angle subtended by the detector when the scanning motion
is stopped. Instantaneous field of view is commonly expressed in
milliradians.

Interactive Processing - The method of data processing in which the
operator views preliminary results and can alter the instructions to
the computer to achieve optimum results.

Intervalometer - An instrument for operating aerial cameras automatically
by taking photographs at regular, pre-determined intervals of exposure.

ISI - Interpretation Systems, Inc.

JPL - Jet Propulsion Laboratory. A NASA facility at Pasadena, California
operated by the California Institute of Technology.

LACIE - Large Area Crop Inventory Experiment (NASA/USDA/NOAA project).

Landsat - An unmanned Earth-orbiting NASA satellite that transmits
multispectral images in the 0.4 to 1.1 um region to Earth receiving
stations (formerly called ERTS).

Landsat Coordinates - X and Y (columm and line) coordinates which are
referenced to a Landsat scene with the origin (1,1) in the upper left
corner and extending to 3240 in the X and 2340 in the Y directions.

LARS - Laboratory for Applications of Remote Sensing (Purdue University).
LARSYS - LARS software for Digital Image Analysis.

LBR - Laser Beam Recorder.
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Light - That form of radiation that is capable of detection by the
human eye. Visible radiation (about 0.4 to 0.7 micrometer in length).

Light, Transmitted - Light that has traveled through a medium without
being absorbed or scattered. -

Maximum Likelihood Classifier - A decision criterion to classify picture
elements into computer spectral 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 computer spectral classes. A picture element is assigned to

the class for which it has the maximum likelihood statistic. It can

also be used to resolve overlap in classification results from other
classifiers.

Microwave Region - Commonly, that regiom of the radio spectrum between
approximately 1000 and 300-000 magahertz. Corresponding wavelengths
are 30 centimeters to 1 millimeter.

Micrometer (um) - Unit of length equal to one millionth of a meter.

Minicomputer - A small general purpose digital computer with a central
processor and core memory. Current machines vary in word lengths,
I/0 facilities, instruction sets, software and performance.

Mosaic - An assemblage of aerial photographs, usually overlapping,
which have been matched to form a continuous photographic image.

Mosaic, Controlled - A mosaic oriented and scaled to horizontal ground
control; usually assembled from rectified photographs.

Mosaic, Semi-Controlled - A mosaic composed of corrected or uncorrected
prints laid to a common basis of orientation other than ground control.

Mosaic, Uncontrolled - A mosaic composed of unrectified prints, the
detail of which has been matched from print to print without ground
control.

MSS - Multispectral Scanner - Sensor used in Landsat.

Multispectral Scanner - A non-photographic imaging system which utilizes
a rotating mirror and a fiber optic bundle sensor. The mirror sweeps
from side to side and sequentially records brightness values (i.e.,
signal strengths) on magnetic tape for successive pixels, one swath at

a time. The forward motion of the sensor platform carries the
instrument to a position along the orbital path where an adjacent

swath can be imaged. The recorded signal can be played back through

a device which will convert signal strength to brightness on a
photographic emulsion, thereby producing a photo-like image of the
terrain that has been sensed.
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Multispectral Scanner, Landsat (MSS) - On Landsat 1 and 2 the MSS system
gathers data by imaging the surface of the Earth in several spectral
bands simultaneously. It is a four-band scanner operating in the solar
reflected spectral band region from 0.5 to 1.l micrometer. Landsat 3
also contains the four bands, but a fifth band has been added. The
bands are nominally referred to as bands 4, 5, 6, 7, and 8, operating

in the following wavelength bands, respectively (.5-.6 um; .6-.7 um;
.7-.8 um; .8-1.1; and 10.4-12.6 um).

Multiband Photography (Multispectral Photography) - Photography obtained
by using a camera or other device that gives simultaneous imagery in
each of several portionms .of the spectrum.

Nadir - The image position on an aerial photograph corresponding to
the ground position vertically beneath the camera.

Nanometer (nm) - Unit of measure equal to one millimicron or one
millionth of a millimeter.

NCIC - National Cartographic Information Center.

Near Infrared - The preferred term for the shorter wavelengths in the
infrared region extending from about 0.7 micrometers (visible red), to
around 2 or 3 micrometers (varying with the author). The longer
wavelength end grades into the middle infrared. The term includes the
radiation reflected from plant materials, which peaks around 0.85
micrometers. It is also called solar infrared, as it is only available
for use during the daylight hours.

Negative - Photographic image in wich the subject tones to which the
emulsion is sensitive are reversed or complementary.

NOAA - National Oceanic and Atmospheric Administration.

Oblique (Photography or Camera Station) - Photographs with the aerial
camera pointed between the horizontal and vertical; also, the camera
position or statiom in an aircraft for taking such photography. An
oblique photograph is taken with the optical axis of the camera
tilted appreciably from the vertical.

Optical Axis - An imaginary line drawn directly through the optical
center of the camera lens to the geometric center of the film.

Optical Density - Photographic transmission density.

Orthophoto - A photographic copy in which image displacements due to
tilt and relief have been removed.
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Overexposure - The result of allowing too much light to reach the film in
a camera when making an exposure; this results in an excessively dark
negative (with normal development) and loss of photo quality and

detail.

Overlap - The amount by which one photograph duplicates the area
covered by another photograph, usually expressed as a percentage. The
overlap between successive aerial photographs along a flight line is
called forward overlap or end lap. The overlap between photographs

in adjacent parallel flight lines is called sidelap.

Overlay - A transparent medium on which annotations are plotted, thus
avoiding defacing a map or image.

Parallax - Apparent shift in position of an imaged feature with respect
to a reference point which is caused by a shift in the point of
observation.

Parallelepiped Classifier - A digital classification algorithm which

is based on calculating the minimum and maximum brightness values

in each spectral band (4 bands for Landsat MSS data) to define training
sets. Pixels are assigned to a computer class (classified) when all
pixel brightness values fall within the brightness value ranges
calculated for the training set.

Pattern - In a photo image, the regularity and characteristic placement
of tones or textures. Some descriptive adjectives for patterns are
regular, irregular, random, concentric, radial and rectangular.

Photographic Interpretation - The act of examining photographic images
for the purpose of identifying objects and judging their significance.
Photo interpretation, photointerpretation, image interpretationm, and
image analysis are other widely used synonyms.

Photographic Interpreter (PI) - An individual specially trained or
skilled in photographic interpretation. Photointerpreter, photo
interpreter, image interpreter, and image analyst are other widely
used terms.

Photography - The process of producing images on sensitized material
by exposure to light.

Photo Interpretation Key - Reference materials designed to facilitate
rapid and accurate identification and assessment of objects or conditions
from an analysis of their photo images.

Picture Element - Unit of resolution on Landsat imagery. One pixel
on Landsats 1 and 2 MSS data corresponds to a ground area measuring
approximately 57 meters by 79 meters.

Pixel - A contraction of picture element.
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Platform, Sensor - Vehicle on which a remote sensing device is mountad
and carried aloft; an aircraft platform, space platform, etc.

Positive - Photographic image having approximately the same rendition
of tones as the original subject, i.e., light tones for light and dark
tones for dark.

Primary Colors - The three colors, either additive (blue, green,
and red) or subtractive (cyan, yellow, and magenta) that may be
combined to produce the full range of colors.

Principal Point - The geometric center point of an aerial photograph,
corresponding to a point on the perpendicular line through the axis of
the lens.

Radiance - Measure of the énergy radiated by an object. In general,
radiance is a function of viewing angle and spectral wavelength and
is expressed as energy per solid angle.

Radiant Energy - Energy transmitted as electromagnetic radiation.

Radiation - Process by which electromagnetic energy is propagated
through free space by virtue of joint undulatory variations in the
electric and magnetic fields in space. This concept is to be
distinguished from conduction and convection. Also, the process by
which energy is propagated through any medium by virtue of the wave
motion of that medium, as in the propagation of sound waves through
the atmosphere, or ocean waves along the water surface. Also called
radiant energy. Also called electromagnetic radiation, specifically,
high-energy radiation such as gamma rays and X-rays. Radiation also
refers to corpuscular emissions, such as A or B radiation. Includes
nuclear radiation and radioactivity.

Radiometer - Instrument for detecting and measuring radiant energy.

Ratio Image - An image prepared by processing digital multispectral
data. For each pixel the value for ome band is divided by that of
another. . The resulting digital values are displayed as an image.

Ratioing - A processing function that allows an analyst to divide data
from one or more channels by data from one or more other channels.
After ratioing, the data are scaled over the range of 0-256 digital
values. Three common ratioing techniques include: 1) ratio of
adjacent spectral channels, 2) ratio of the difference to the sum of
adjacent channels, and 3) ratio of each channel to the sum of all four
channels (normalization). Ratioing occurs on a pixel-by-pixel basis,
and thus requires exact registration between channels.

RBV - Return Beam Vidicon camera--sensor on Landsat.
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Rectification - The process of converting 'a tilted or oblique photograph
to the plame of the vertical by projecting it onto a horizontal reference
plane, with the angular relationship determined by the use of control
points recognizable on the photograph and an accurate map.

Remote Sensing - The act of obtaining information about certain objects
or conditions through the use of aerial cameras or other sensing devices
that are situated at a distance from them. Remote sensing can be
accomplished in the ultraviolet, visible, infrared, microwave and gamma
ray regions of the electromagnetic spectrum.

Resolution - Ability of a remote sensing system to render a -sharply
defined image, and including the three following terms: 1) Ground
Resolution - the minimum distance between two or more adjacent ground
features, or the minimum size of a ground feature which can be detected;
usually measured in conventional distance units, e.g., feet or inches;

2) Image Resolution - resolution expressed in terms of lines per
millimeter, for a given photographic emulsion under specified situations;
3) Thermal Resolution - image resolution expressed as a function of the
minimum temperature difference between two objects or phenomena.

RSI - Remote Sensing Institute (South Dakota State University).

RSRP - Remote Sensing Research Program (University of California, Berkeley).

Scale - The ratio existing between a distance on the map or photograph
and the corresponding distance on the ground. The scale of an aerial
photograph is determined by two factors, the focal length of the
camera lens and the altitude above terrain at which the exposure was
made.

Scan Line - The ground trace of a narrow strip that is recorded by the
instantaneous field of view of a detector in a scanner system.

Scanning Densitometer - Device used to convert image data from film or
photographic format to electronic video signal format. Usually the
film is placed on a glass cylinder which rotates and slowly translates.
A fine beam of light is focused on the film, passed through the film,
and is detected by a photomultiplier where it is amplified to a usable .
video signal.

Sensor - Detecting device which collects and conveys some interpretable
data; the component of an instrument that converts an input signal into
a quantity which is measured by another part of the instrument.

Shutter — A component of an aerial camera which opens to admit light to
the film as required for an exposure, and controls the duration of light
affecting the film. Commonly used shutters which operate between the
lens elements are called between-the-lens shutters. Those which operate
at the€ focal plane are called focal plane shutters.
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Sidelap - Measure of the percentage overlap between one photograph
in one flight line and a second photograph in a parallel flight line.

Signature Extension - Processing technique that allow spectral
signatures to be applied over geographic areas that are great
distances from the original training areas.

Software - A set of computer programs, procedures, and associated
documentation concerned with the operation of a data processing system
(i.e., compilers, library routines, manuals).

SLAR - Side looking airborne radar.

Spatial - Refers to the location of, proximity to, or orientation of
objects with respect to one another in n-dimensional space.

Spectral Signature - Quantitative measure of the electromagnetic
radiation that is recorded by a sensor from a target in one or
several wavelength intervals.

Stereoscopic Coverage - Aerial photography taken with sufficient
overlap to permit complete stereoscopic observation. Sixty percent
forward overlap between frames is usually recommended for adequate
Stereoscopic coverage.

Stereoscopic Pair - Two photographs of the same area taken from different
camera stations so as to afford stereoscopic study of the overlap area.
Also called a stereo pair.

Stereo Triplet - Three photographs, the center photo having a common field
of view with the two adjacent photos, to permit complete stereoscopic
viewing of the center photograph.

Stereoscope - An optical instrument which permits the operator to view
‘two properly prepared photographs and perceive the three-dimensional
effect.

Subtractive Primary Colors - Yellow, cyan, and magenta. When used as
filters for white light these colors remove blue, red, and green,
respectively.

Sun Synchronous Orbit - An Earth satellite orbit in which the orbit
plane is near-polar and the altitude such that the satellite passes
over the same latitude on each successive orbit at the same local
sun time.

Supervised Training - Process whereby an analyst selects known training
areas from which training statistics are calculated to define a
resource class for use in a digital classification.
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Sun Elevation Angle - Angle of the sun above the horizon measured in degrees.

Target - An object on the terrain of specific interest in a remote-sensing
investigation.

Target - (1) The distinctive marking or instrumentation of a ground

point to aid in its identification on a photograph. In photogrammetry,
target designates a material marking so arranged and placed on the

ground as to form a distinctive pattern over a geodetic or other control-
point marker on a property corner on line, or at the position of an
identifying point above an underground facility or feature. (2) In
radar, an object returning a radar echo to the receiver.

Telemeter - To transmit data by radio or microwave links.

Texture - In a photo image, the frequency of change and arrangement of
tones. Some descriptive adjectives for textures are fine, medium or
coarse; and stippled or mottled.

Thermal Infrared - Electromagnetic radiation emitted by any substance
as a consequence of the thermal excitation of its molecules. Thermal
radiation ranges in wavelength from the longest infrared radiation to
the shortest ultraviolet radiatiom.

TIR - Thermal Infrared.
TM - Thematic Mapper - multispectral senmsor to be operated on Landsat D.

Tone - A distinguishable variation in shade of grey between black and
white. '

Training Set - A group of points (pixels) from which training statistics
are calculated.

Transparency - A positive photographic print made on a transparent base
such as film and viewed by transmitted light. Although a negative is

also a transparency, the word is not gemerally used in referring to
negatives.

Unsupervised Training - Process of finding natural groupings (clusters)
in digital data and correlating these groupings with known resource
classes. Training statistics are calculated from the cluster data for
use in a digital classificatiom.

UV - Ultraviolet, a portion of the electromagnetic spectrum with
wavelengths shorter than the visible portiom of the spectrum.

Vignetting — A gradual increase in density from the center of a
photograph towards the edge caused by the stopping of some of the light
rays entering the lems. Thus, a lens mounting may interfere with the
extreme oblique rays. An antivignetting filter is ome that gradually
decreases in density from the center toward the edges; it is used with
aerial wide-angle lenses to produce a photograph of uniform density by
cutting down the exposure of the photograph center.
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Vertical Photograph - An aerial photograph taken with the axis of the
camera being maintained as closely as possible to a truly vertical
position with the resultant photograph lying approximately in a
horizontal plane.

Wavelength (symbol A) - Wavelength = velocity/frequency. In general,
the mean distance between maximums (or minimums) of a roughly periodic
pattern. Specifically, the least distance between particles moving

in the same phase of oscillation in a wave isturbance. Optical and IR
wavelengths are measured in nanometers (10~ m), micrometers (10~% m)
and Angstroms (10~L10 m).
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