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Remote Sensing-~A Teol for Reseurce Hanagementwl

by Roger M. Hﬂffergf

Abstract

Accurate interpretation of imagery from remote sensing
systems requires an undevrstanding of the instrument systems,
the spectral characteristics of the earth resource materials
present, and of the several energy-matter interactions involved.
This paper discusses some of the advantages and disadvantages
of photographic and multispectral scanner systems, along with
a brief mention of the potentials for use of radar data. Emphasis
is placed upon the spectral characteristics of vegetation, soil,

and water, and the need for this knowledge in the interpretation

of remote sensor imagery. Characteristics and use of color
infrared film, showing several examples of possible applications

' to resource management are given. The need for automatic data
processing is discussed, and examples of automatic analysis of

multispectral data in several discipline areas are shown to
illustrate the potentials for these techniques. Thus, some
phases of remote sensing are operational today for the resource

manager; but other aspects offering great potential are still

to. be proven.

Introduction

In order to manage our nationsg available resources intel-
ligently and in the best interssts of society, it is essential
that detailed, timely information concerning these resources
be available. Information sbout the location, condition, and
extent of the various resources 1s needed--and at several levels
of detail. TFor example, agencies guch as the U, 8. Forest

‘Service require generalized information for the entire country

concerning the timber, range, water, and soil resources, whereas
the supervisor of an individual forest requires much more detailed
information over a much smaller area. OUne means of obtaining

some of the generalized as well as the detailed information
requ%r&é-far proper management of our resources is by remote
sensing.

i/ Paper presented a% the Third International Symposium of
Hydrology Professcrs, July 1$-30, 1971, Purdue University.:

&/ Associate Professor, Department of Forestry and Conservation,
and Leader, Biogeophysical Research Programs, Laboratory for
Applications of Remote Sensing, Purdue University.
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Remote sensing is a developing technology involving the
acquisition of information about & portion of the earth's
surface by using sensing devices operated from a remote location.
A more complete definition could describe remote sensing as the
discipline involved with the gathering of data about the earth's
surface or near surface environment, through the use of a
variety of sensor systems that are usually borne by aircraft or
spacecraft, and the processing of these data into information
useful for the understanding and managing of man's environment.

Sensor Systems

There are many types of sensor aysteme that can be utilized
in remote sensing. Photographiec systems are the most common
and are capable of being utilized with many combinations of
films and filters. There are several advantages found in photo-
graphic systems, including the minimal maintenance requirements
and ease of operation, relatively low cost for obtaining data,
~a well-known and easily understocd data format, good spatial
resolution in the resultant data, and a capability for photo-
grammetric and stereoscopic measurements. However, as seen
in Figure 1, -“hotographic films are sensitive only to energy
from a limited portion of the electromagnetic spectrum, including
the visible and near infrared wavelengths. It is known that
valuable information concerning the thermal characteristics
(temperature and emissivity) and the peflectance characteristics
of the vegetation, soil, and water cover types on the earth's
surface can be obtained in the longer wavelengths (or lower
frequencies). To obtain data in these wavelengths, optical-
mechanical scanners are utilized.

The method of operation of a multispectral optical-mechanical
scanner is illustrated in Figures 2 and 3. The energy reflected
or emitted from a small areas of the sarth's surface at a given
instant in time is reflected from the scanning mirror, through
a system of optics which cause the energy to be dispersed
spectrally onto an array of detectors. The detectors, carefully
selected for their sensitivity to energy in the various portions
of the spectrum, measure the energy in the different wavelength
bands. The output signal from the detectors is amplified and
recorded on magnetic tape. The energy from a single ground
resolution element can thus be measured in several wavelength
bands. As the aircraft or spacecraft flies over an area, the
ground surface is scanned in successive strips by the rapidly
rotating mirror. The fotating motion of this mirror allows
the energy along a scan line (which is perpendicular to the
direction of flight) to be measured, while the forward movement
of the aircraft or spacecraft brings successive strips of
terrain into view. Thus, a continuous area of the earth's
surface can be sensed, using several wavelength bands which
can encompass the entire optical portion of the electromagnetic
spectrum.

1 The instantaneocus field of view of the scanner is a function
of the scanner configuration and altitude of the aircraft or
spacecraft.
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Scanners such as that illustrated ere mechanically and
optically complex but as remote sensing devices do have many
advantages over photographic systems. The major advantage is
that they allow data to be obtained over a much greater vange
of frequencies than is possible with photegraphic systenis.
This is illustrated in Figure %, which shows a forest fire as
viewed on an ordinary panchromatic photograph and as sensed by
a- scanner operating in the 8-1% um or thermal infrared wave-
lengths. Energy in the visible wavelengths is scattered by
smoke particles, so the photograph shows only the smoke pall
above the fire; the longer wavelengths in the 8-1% um region
(thermal infrared) are not scattered by the smoke and can
therefore be sensed.- by a scanner operating in this wavelength
region. This capability of thermal infrared scanners (i.e.
scanners operating only in the thermal infrared region) to
penetrate smoke is proving of great operational value to the
U. S. Forest Service in their fire fighting program (17).
Scanners operating in the thermal portion of the spectrum are
also able to collect data at night as well as during the day,
a fact which further increases their value for forest fire
‘detection and suppression. :

Data from optical-mechanical scanners does not have as
good spatial resolution as can be obtained from photographs
(i.e. small objects cannot be resolved as well em scanner data).
However the spectral resolution is much better for scanner
data (i.e. energy from much narrower wavelength bands can be
measuved). Of particular importance are the facts that scanner
data can be accurately calibrated and is in a format suitable for
quantitative, computerized data handling. These facts make
feasible the obtaining of vremote sensing data over large portions
of the earth's surface, and then supplementing manual interpreta-
tion of the data with automatic data handling and analysis
techniques,

Side-Looking Airvborne Radar (SLAR) systems have been
intensively studied in vecent vears and offer much potential
(5, 33). The nmajor advantage for SLAR is its capability to
penetrate cloud cover, thereby allowing all-weather data col-
lection. These radar systems can alsc be used either day or
night. Geologists have been particularly interested in SLAR
data and have obtained much useful information through use of
these systems. However, since velatively high vesolution SLAR
imagery is not yet easily obtained (as compared to photographic
data), and since less potential has been demonstrated for
automatic analysis of SLAR data (as compared to multispectral
scanner datal), and for purposes of limiting the scope of this
paper, radar data will not be discussed further. However, SLAR
should be recognized as one of the major insirument systems
used in remote sensing and one having some distinet advantages
(as well as some disadvantagew) not found in other remote
sensing systems. Its potential is great.
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The Need for Automatic Data Analysis Techniques

It is well recognized that high-flying aircraft or satellites
can collect enormous quantities of data covering vast geographic
areas in relatively short periods of time. For example, the
Earth Resources Technology Satellite (ERTS) will have the capability
of collecting data over every gquare mile of the earth's surface
every 18 days! Each individual 9% % ¢" image from ERTS will
cover an area of 10,000 square miles. Even high-altitude aircraft
can collect vast quantities of data in short periods of time.
Figure 5 is a single frame of photography obtained by NASA's
RB«57 from 60,000 feet altitude. The number of individual
fields of agricultural cover is rather impressive.

It would seem that the collection of remote sensor data is
not as large a problem as is the reduction of this data into
useful information. If you were asked to determine the total
‘acreage of corn or of forest land shown only on the phote in
Figure §, your task would be a big one-~first to identify the
areas containing the cover type of interest and then to determine
the acreage of each area and to summarize the acreages. The
effort required to convert this single piece of data to various
items of useful information would indicate that either a sampling
system or some type of automatic date analysis technique, or a
combination of the two, could be of great benefit. Since
multispectral scanner data can be easily handled by computer
techniques, is capable of calibration, and allows for analysis
in a relatively wide range of wavelengths, this type of data
offers great potential for automatic data analysis. In fact,
automatic data analysis is a requirement for handling more than
gmall quantities of multispectral scanner data, because data is
collected over the same area simultaneously in many wavelength
bands, as indicated by Figure 6. It would be impractical and
perhaps impossible for a person to interpret the subtle
differences in response from one wavelength band to another
for a large number of spectral bands. However, a person is
required to formulate and direct the automatic analysis in order
to achieve desired results, and this requires a thorough knowledge
of the spectral characteristics of the cover types of interest.
This point also emphasizes that automatic analysis techniques
applied to remote sensing data must involve man-machine intep-
action.

Spectral Characteristics of Basic Cover Types

Data collected by multispectral scanner represents the
spectral characteristics of the various cover types over which
the aircraft or spacecraft has flown. It is known that various
cover types reflect and emit different amounts of energy in a
single spectral band and that a single object preflects and
emits different amounte of energy in the various wavelength
bands. The proper interpretation of multispectral scanner
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imagery or other remote sensor imagery--such as color infrared
film-~-requires a knowledge of the spectral characteristics of
the various vegetation, soil, water, and man-made features over
which the aircraft or spacecraft has flown.

Figure 7 is an example of the spectral characteristics of
typical green vegetation and air dry soil. The green vegetation
curve clearly shows the changes in reflectance due to the
chlorophyll absorption bands at approximately 0.45 and 0.65 um,
the typical high reflectance in the 0.75-1.3 um region, and the
distinct and dominant water absorption bands at approximately
1.45 and 1.95 um. Minor water absorption bands are also evident
at about 0.96 and 1.2 um. In this portion of the spectrum the
energy incident (I) upon an object that is not reflected {(R)
by the object must be #ither absorbed (A) or transmitted (T)
through the object, or, for any particular wavelength (i),

I, ® Rk + A, + T,. For turgid, green vegetation, most of the
aﬁergy in the viéible wavelengths (below about 0.72 um) is
absorbed by the chlorophyll, with less absorption and higher
reflectance in the green wavelengths (about 0.55 um) between
the two chlorophyll absorption bands. Very little energy in
the visible wavelengths is transmitted through a leaf, but in
the reflective infrared wavelengths from about 0.75 to 1.3 um,
only very small amounts of energy are absorbed, and nearly all
energy not reflected is transmitted through the leaf. In the
wavelengths from 1.3 to 2.6 um, much of the energy not absorbed
by the water in the leaf is reflected, leaving much smaller
amounis to be transmitted (16).

The soil eurve is much easier to interpret, since all ,
incident energy that is not reflected must be absorbed. Comparing
the relative reflectances of the vegetation and the soil shown
in Figure 7, one sees that the soil reflects more than the
vegetation in both the visible wavelengths and in the region
dominated by water absorption (1.3-2.6 um), but that in the
0.72~1.3 um region (where vegetation has such high reflectance),
the soil reflects less than the vegetatdon.

Referring back to Figure 6--and vemembering that in order
to see maximum contrast in each wavelength band, such imagery
depicts relative differences in reflectance--one quickly observes
that the relative differences in reflectance shown in Figure 7
are also found in the multispectral imagevry of Figure 6. The
vegetatioh reflects relatively more than the soil in the 0.72-
0.92 ym and 1.0~1%4% um wavelength bands, therefore having a
higher response or lighter tone on the imagery, whereas the soil
has a higher response (relatively higher reflectance) than the
vegetation in the remaining wavelength bands. This helps to
explain why the 1.5-1.8 and 2.0-2.6 um bands in scanner imagery
have an appearance similar to the visible wavelength bands.
However, since even a thin (1 cm) layer of water will absorb
energy in all of the reflective infrared wavelength bands shown
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in Figure 6 (14), it is not surprising that the river appears
black {indicating relatively little reflectance} on the imagery

in all bands above 0.72 uym. This situation allows better

contrast to be seen between the vegetation, scil, and water in

the 1.5~1.8 um and 2.0~2.6 um bands than is evident in any of

the visible wavelength bands. We thus have some insight concerning
the reason the 1,5-1.8 um and 2.0-2.6 um wavelength bands are

so frequently shown to be among the most valuable in the automatic
data analysis. These examples of spectral reflectance data and
multigpectral scanner data offer a good illustration of the manner
in which the study of the apectral characteristics of various
materials can help in the interpretation of multispectral scanner
data.

The data shown in Figure 7 are rather typical, but as any
natural scientist knows, there are many variables in nature, and
it is the variation in spectral characteristics which is of
particular interest in remote sensing. Soil patterns are seen
on remote sensing imagery because of variations in spectral
response from one area to another, largely caused by differences
in textuvre, soil moisture, and organic matter (see Figure 8)

(7, 25, 27). As vegetation matures, pigmentation changes can
cause striking differences in spectrsl pesponse, and as the
moisture content in the leaves decreases, reflectance in the
reflective infrared wavelengths (particularly those above 0.7 um)
will inerease, as seen in Figure 9 (19,226).

Considerations for Interpretating Remote Sensor Imagery

g These data illustrate that the study of remote sensing
imagery must involve consideration of the

+ spectral,
« spatial, and
¢ temporal

characteristics o¢f the materials of interest, as well as the
surrounding (or background) cover types. The uniformity or
heterogeneity in spectral response of an area (spatial char-
acteristics) defines the texture of imagery from that area

(i.e. forest cover--coaprse texture, vs. cats--smooth texture).
The shape (spatial characteristics) of agricultural fields can
indicate topographic relief characteristics of an area (refer
to Figure 5). Sometimes the spectral characteristics of a
material are not sufficient to identify it, and one must rely

on temporal changes in the spectral characteristics for
identification. For example, it may be difficult to differentiate
spectrally between wheat and pasture grass in early June, but in
‘late June in Indiana the wheat matures and can be rather easily
distinguished from the pasture and other green vegetation on the
‘basis of spectral response. Thus, study of temporal changes in
spectral characteristics of the cover types of interest is
essential,
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; Laboratory and field studies form an integral part of a
well-rounded remote sensing research program, enabling one to
study spectral characteristics and the temporal changes in these
characteristics for materials of interest. One might envisdon

a situation such as shown in Figure 10, in which carefully
controlled, detailed studies over limited areas can be conducted
from ground-based platforms in the field, and on the basis of
this knowledge, one éan better interpret data collected from
aircraft and spacecraft altitudes. Another reason for conducting
field studies is an economic one. When frequent measurements

are required over limited areas, (e.g. studying spectral changes
in moist soil as it dries or in diseased vegetation), a ground-
based platform can be utilized much more effectively and at

much lower cost than an aircraft for collection of the data.

As one collects data from higher altitudes, much larger areas
can be covered. However, as altitude increases, one must
contend with differences in atmospheric scattering and attenuation.
Atmospheric effects on remote sensor data require a great deal
of additional study.

Advantages and Use of Color Infraved Film

As previously mentioned, photographic technigues offer
several advantages for remote sensing and have been the main
tool in many research and operational programs. It has only
been since the eaply 1960's, when more exotic sensor syatems
(such as thermal infraved and multispectral scanners, side-
looking airborne radar and passive microwave radiometers) were
first used by a variety of scientists interested in earth
resource surveys, that the term "remote sensing" came into
common use to define a discipline which involved use of not
only the more exotic sensors, but also photographic systems.
In recent years, considerable work has been done with multi-
band camera systems, emploving a variety of films and filters
(1, 31, 3%, 35). These systems offer considerable promise,
particularly for studying the relative reflectance of various
cover typee from aircraft altitudes, Of even greater significance,
however, has been the large amount of research and interest in
the use of color infrarved film.

Color infrared film, officially designated as "Kodak
Aerochrome Infrared Film, Type 2443", is a film similar to
regular color positive films. The main differvence is that
where the three emulsion layers of regular golor film arve
sensitive to energy in the blue, green, and red portions of
the spectrum (all in the visible wavelengths), the three emulsion
layers of properly filtered color infrared film are sensitive
to the green, red, and reflective infrared wavelengths. Thus,
regular color film has a total sensitivity range of about 0.4~
0.7 um, whereas properly filtered color infrared film is sensitive
to a wavelength range of about 0.5-0.9 um (15, 31). It is very




wal‘

important to note that color infraved film is not sensitive to
the thermal infrared wavelengths. .Lherefore, Lhis Tiim Cannot
be used to detect or monitor thermal phenomena such as the
‘heated discharge onto rivers from hydroelectrie plants. It

is equally important to note that color infrared film is
sensitive to most of the visible portion of the spectrum in
addition to the 0.7-0.9 um reflective infrared wavelengths.
This implies that spectral variations either in the visible

or in the reflective infrared wavelengths, or a combination

of both, will cause tonal differences on color infrared film.
This makes color infrared film somewhat difficult to interpret
unless you know something about the spectral characteristics of
the materials of in*erest, either in the visible or in the :
infrared wavelengths. For example, turgid, green vegetation
appears red to magenta on color infraved film and soil appears
in tones ranging from black to green, dark blue, or even light
‘blue or white, depending on the spectral characteristics of the
80il and the exposure and development of the film. Water will
appear black on color infrared film, if it looks blue or black
to our eyes. However if the water body is very shallow and
over & sandy bottom avea, or if it has a high sediment load

or is otherwise polluted and is a rather ugly brown color as

we look at it, color infrared film will portray the same water
body in very pretty tones of blue. Figures 11, 12, and 13
compare the appearance of various cover types on color infrared
film with that on color film.

In order to interpret color infrarved film properly, one
must either know the spectral characteristics of the materials
of interest or krnow the visual appearance of an object (from
which the spectral characteristics of the visible wavelengths
can be inferred for naturally occurring materials). Only
then can one properly interpret the color infrared film and
infer the infrared reflectance characteristics. Thus, just
because different objects appear different on color infrared
film, it does not necessarily follow that a difference in
infrared reflectance is present. The difference in tone observed
on color infrared film could be eaused solely by differences in
reflectance in the visible wavelengths, with no difference in
infrared reflectance present. Frequently, however, differences
in tone on color infrared film are caused by a combination of
spectral differences in both the visible and infrared wavelengths.

It has been observed that when plants are affected by some
stress condition, such as that caused by disease or insect
damage, changes take place in the spectyal peflectance of the
foliage. Sometimes these changes start with variations in
reflectance ir the near infrared wavelengths, even before notice-
able or signiiicant changes occur in the visible wavelengths.
This has led to considerable interest among plant scientists in
the use of color infrared film for early detection of variocus
plant stresses. Diseased vegetation tends to cause deep red to
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black or brown tones on the color infraved El&m, as opposed to
the red to magenta tones of healthy vegetation. Colwell (11),
Manzer and Cooper (28), and others (1, 6, 8, 29} have shown
many interesting examples of the use ﬁf color infrared film to
deta&* vapious insect and disease stresses. In work conducted
in 1970 at LARS, different levels of 1% fection of southern
corn leaf b‘lghﬁ could be detected using color infraved film
{?1ga@as 14 and 1853. Xnvaﬁa;gaﬁ$®ﬁ$ are now hﬁlﬁg Qﬂﬁéﬁﬁﬁﬁé
into ways to use this film type for applications in more and
more problems invelving xngwa€$ disease, and other stress condi-
tions., It offers great promise.

One additional. major advantage of color infraved film is
its ability to enhance gubt?@ differences in preflectance that
are barely discernable in the visible W&v&iﬁﬂguha alone.
Frﬁquaﬁtly, spectral differences due to variations in vegetative
species or to a stress condition will exist but will be so
subtle that they are difficult to see on vegular color film
and might even be missed by the ghatm interpreter. However
since color infrared film is sensitive to both the visible and
reflective infrared wavelengths, spectral differences that may
be very small in the visible wavelengths are often pronounced
in the near infrared wavelengths and thus show clearly on the
color infrared lemg There seem to be relatively few cases of
gpectral effects in V&gatatiaﬁ, soils, or water that can be
gseen on-color infrared film but cannot be seen at all on properly
expegeé eolor film. However, there are many cases where spectral
differences are so subtle that the situation or material of
interest would be missed if the photo interpreter were relying
only-on pegular color film. For example, deciduous and coniferous
trees are not easy to distinguish on regular solor film, but
with the use of color infrared film the task can be done more
easily, accurately, and faster (see Figure 16),

m*aéyxng the amount of vegetaﬁ;ve cover on an area is also
much easier uaaag color infrared lem because of the manner in
which thig film shows Vﬁg&t&alﬁﬁ in easy-to-see tones of red
and pink, as shown in Figure 17, a 5ﬁr3f~mzneﬁ area in southern
Indiana. Also, because ﬁtﬁ&%?h@?&ﬁ $¢&ttering of light is more
pronounced in the 5horte? wavelengths (as defined by the Raleigh
$aattarlng Equation®), and because color infrared film is
sensitive to longer wavelengths than regular c¢olor film and is
not sensitive at all to the strongly scattered blue wavelengths
{assumxng proper filtration), coloer infrared film has a very
digtinct advantage for penetrating haze and smog, as shown in
Figure 18,

Z . . 3
Amount of energy scattered, S = .

- b
Wavelengeh* °r S = ¥v
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Potentiazls for Automatic Data Analysis Techniques

As previously pointed ? 1t, thers are many &i?&aﬁia&g
existing today ia which res urce managers and ?ﬁ;iﬁvﬂmaklﬁg
groups need Aﬁfﬁ&ﬁ vtion a%ﬁz our resources that is current and,
in many instances, pertaining o vast geographic areas. To
help answer these types of needs, the Laborat tory for ﬁﬁglmaauianﬁ
of Remote Sensipg (LARS) at Purdue University was established
by NASA and the U.S.D.A. in 1966 with the objective of developing
techniques for automatic ﬁ?&@jﬁiﬁ of remote sensor data. LARS
has demonstrated the feasibility of automatic data processing
of multispectral scanner data §§% 27, 28). For example,
autmmatla mapping of basie cover §v saes for relatively large
geographi ic arcas (70 squava miles) has been aaaﬁmplishad using
training samples of %ﬂlj a few acres (20, 21). Figure 19 shows
some of these results.

In essence, this analysis technique involves the location
of selected areas in the data where the identification and
-eondition of the ground cover is known. These areas are then
designated to the %ﬁﬁ%ﬁtﬁ?§‘ﬁ§iﬁg an ¥X-¥ coordinate system.
Statistical parameters of the multispectral scanner data are
detérmined for thess “WW&Lﬁ¢%g sample” areas. Then, a suitable
pattern recognition Ega@wtﬁﬁ iz used to classify each resoclution
element viewed by the airborme scarner into one of the categories
for which the computer was trained. The results can be displayed
in map forma* showing the various cover types or in a table,
ﬁ&?hﬁﬁ% showing &ﬂr%agﬁ of the various cover types over which the
aircraft flew. 3y designating additional areas in theé data
wherd ground cover is k?&wng one can also obtain a table giving
& quantitative evaluation of the accuracy of the automatic
mlaaﬁxfmaataﬂﬁ results.,

Considerable emphasis has been placed on the identification
and mapping of crop species usi ing such automated &ﬁaiysis
technigues. Results *ﬁ date indicate great potential for this
approach (2, 26, 27, 31). Figures 20 and 21 show & computer-
produced map aﬁé table of results for a crop ﬁ?ﬁﬂl@% identifica-
tion analysis, using date collected from 5000 feet over Tippecance
County. Eﬁd*aaa;

There iz also great intersst and considerable potential in
the automatic mapping ﬁﬁ.ﬁﬁ&é conditions and pewnaﬁa soil types.
The ability to determine ﬁuﬁntx?&taveig both the soil type
boundaries and the aress having similar suvrface soil character-
istics would be of great advantage to soil mappers, even if the
exact soll type could not be determined by remote sensing.

Figure 22 shows some of the results of automatic soil mapping
research. It hag been found that a high degree of correlation
exists betweesn the %?ﬁﬁu?ﬁl chavacteristics of. soil and its
organic matter content (7). It is also known that goil moisture
differencee cause significant changes in spectral regponse. This
is easily seen in the satelliit §n$€agv@§h shown in Figure 23.
Much additional study is reqalr@é te determine the full pm*antlal
for accurate analyaxs of soill characteristics using remote sensing
techniques




LARS automatic analysis techniques have also been tested
over limited areas in forest cover-type mapping and in the
automatic identification of beetle-infested conifers (8).
These results (Figuves 24 and 25) also indicate promise.

~ One of the most exciting paﬁa%ti%; applications of remote
gensing is in water ﬁﬁ&ilt? mapping and monitoring. Research
to date has shown that in some cases water pollutants will
cause spectral changes in the water that can be accurately
mapped using multispectral scanner data and pattern recognition
technigues (Figure £86). Experience has also shown that the
temperature of water bodies can be mapped to within 0.5° C of
the true surface temperature from altitudes mf several thousand
feet (4), An example of this woprk is shown in Figure 27. This
a&pab;lltv of remote sensing could be applied on an ﬁper&tlenal
basis to mcn&%oriﬁg thermal discharge from hydrael&ct?;c plants
‘and to studying the effects of thermal pollution on various
aspects of stream ecology.

These same pattern racagaltiun techniques have been applied
to satellite and high altitude aircraft photography. Figure 28
shows the results of aﬁplving the analysis techniques developed
by LARS to a frame of digitized Apolloc 9 color infrared photo-
graphy. The classification of the data was directed toward
geologic mapping. The results have indicated gcod correlation
between the map derived through automatic analysis and the
existing geologic maps of the area {3). Figure 29 shows the
results of an automatic classification of a portion of the
same frame, with the emphasis this time on agricultural cover
identification. Barley, sugar beets, alfalfa, bare soil, salt
flats, and water were the cover types classified, and the
results on 174 test fzaldﬁ showed an overall accuracy of about
70% correct identification (2, 3). These results indicate
that such techniquees have promise for application to satellite
data.

Summary -and Conclusions

It is apparent that automatic data processing tsﬂﬁnxquas
are vequired if we are to take full advantage of our aﬂz?lty
to collect data at frequent intervals over vast geographic
areas. further developments in the handling of spatial &nd
temporal data, in addition to spectral data, will bring significant
improvements in automatic data analysis. It also seems clear
that both satellites and aiwéraff will continue to be used in
the collection of remote sensing ﬁata, and that ground observa-
tions will continue to be a necessity and an integral raaulrement
for accurate data analysis. Although major’ improvameﬁ%s in
automatic data analysis techniques will be achieved, man's
contributions will always be rega;r&é in the analysls of remote
sensor data. A good mﬂée@@t&nd&ng of the energy-matter inter-
relationships and the spectral reflectance and emittance
characteristicas of the various cover types of interest is




necessary. This will allow man to be effective in ma;ntamning
a close man-machine interactiori in automated data anaiysz& tech-
niques. There will also continue to be a major requzfemaﬂt

for accurate and detailed manual photo intevpretation in many
application aveas.

When one considers the current situation of our natural
resources, along with the predictions of continued pﬁ?ﬁ;&tlﬁﬂ
growth, one cannot help but be concerned about the manner in
which we will be utilizing our resources during the next few
decades and beyond. One of the major factors which will influence
many decisions on use of these resources is the amount and detail
of information available about the variocus land and water areas.

Remote sensing has alr&ady proved to be a very useful tool
in several areas of ap§¢ica tion in the management of our natural
resources, and the potential applxaatians seem almost unlimited.
It is the goal of our vesearch in remote sensing to develop a
technology that will help us to obtain the best p@sszble informa-
tion concerning the location, extent, and condition of gur
resource base, and to make this information available in a
timely manner to the people involved in the management of our
regources.
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range of wavelengths to which our eyes are sensitive.
(From Hoffer, 1).
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Figure 2. Schematic of a Multispectral Optical-Mechanical
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Figure 10.

Schematic of an Energy-Flow-Profile Concept in
Remote Sensing Research. The importance of detailed
field and laboratory studies on the spectral char-
acteristics of the materials of interest is
emphasized. (From Landgrebe, 25 and Olson, 32)




Figure 11. Color and Color Infrared Photos. This photo pair
illustrates the differences in appearance of vegeta-
tion and soil on the two films. (Photos by J.
Halsema, LARS)

Figure 12. Color and Color Infrared Photos of the Wabash River
and Surrounding Area. (Photos by J. Halsema, LARS)



Figure 19.

Basic Cover Type Mapping Using Automatic Data
Analysis Techniques. Top left: aerial photo

mosaic, obtained 10 days before scanner data was
obtained. Top right: classification into 3 cover
types (light tone is soil, medium tone is vegetation,
and dark tone is water). Lower left: printout of
green vegetation only. Center: printout of bare
soil. Lower right: printout of water only.




Figure 20.

Automatic Crop Species Identification.. This figure,
shows two cover type groupings--row crops (corn

and soybeans) and small grains (wheat and oats).

In this classification, 24 spectral classes and

12 wavelength bands were used by the computer.

The complete classification results are shown in
tabular format in Figure 21.
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Figure 22. Conventional Soil Map and Computer Classification of
S5 Soil Categories, Based Upon Organic Matter Content.
(From Kristof, 25 and Baumgardner, 7)
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analysis of this data collected over the White

Computer Mapping of Water Pollutants.
River, Indiana, showed the locat

This analysis u
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