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Remote sensing is the acquisition and interpretation of
special measurements made of an object from a distant location.
Currently the term is commonly used in reference to informa-
tion regarding the earth's surface secured on high flying
platforms such as aircraft or satellite. An early form of this
type of data gathering was aerial photography. Although aerial
photography from balloons was used in the Civil War, tﬁe tech-
nique received little attention until World War I. Remote
sensing technology has advanced through color photography;
color infrared photography, called camouflage detection film;
electromagnetic methods combined with photography; and even-
tually to completely electromagnetic techniques embodied in
the single aperture, multispectral scanner.

Paralleling these changes:have been advances in computer
techniques especially in the areas of pattern recognition and
machine-aided analysis of remotely sensed data. Through the
use of such devices as densitometers, it was found that
radiation measured in photography cbuld be quantized., This
suggested the possibility of developing ways of digitizing
remotely-sensed data and developing digital computer analysis
techniques for handling them. The same principle was applied
to data acquired by electronic techniques as such methods be-
gan to réplace photography as a major means of collecting re-
motely sensed information. Without the early development of
computer-based means of mechanically processing such data, the
volume of data which can now be obtained from high flying

platforms could not be handled effectively.



Also concurrently great advances have been made in the appli-
cations of the technology to studies of natural phenomena,
particularly fhose that can be measured directly on the earth's

surface or interpreted from ich measurements.

Black and White Aerial Photography

The mapping of soil, soil erosion and land use has always
been one of the major activities of agriculturists, especially
those interested in soil and water management gnd_conservation
and lately in the general area of land use., After World War I
remote sensing techniques to identify and delineate different
kinds of soils by black and white photography developed rapidly
(45, 37, 28, 29). Cobb and Baldwin experimented with the use
of aerial photography in soil mapping as early as 1918 (30,
14). In 1929, T.M. Bushnell (8), reported the first aerial
photographing of an entire county, Jennings County, Indiana,
rfor the cooperative soil survey of the U.S. Department of Agri-
culture and the state experiment stations. An Eastman camera
with a 10-inch focal length lens was used.

When the Soil Erosion Service, forerunner of the Soil
Conservation Service, earnestly began its field work in 1933,
transition between using plane tabled maps and aerial photo-
graphs as base maps was underway. In a few years all soil
surveyors were sketching boundaries directly on aerial photos
in the field., At the time of Bushnell's report, an extensive

bibliography on aerial photography had already developed (9, 6).



Color and Color Infrared Photography

With the advent of color and color infrared photography
in the 1930's, research was instigated princibaiiy by the
military to test its usefulness as an aid to mapping land-
scapes. Research comparing black;and-white photographs with
color and color infrared was carried on extensively by civilians
following World War II (1, 16, 46, 20, 48)., 1In reviewing the
studies of research on color photography in 1960, Colwell (15)
found color better than black-and-white alone in most cases
except for hazy weather where black-and-white was superior at
high altitudes, The potential of infrared photography as an
aid to interpreting the earth-scene appeared to be especially

faverable (B33, 10, 50, 51).

False Color Photography

It was discovered that for specialized purposes better
identification and separability of ground features could often
be obtained by producing on film colors quite different from
those of the true scene, that is by "false colors.”" This
method utilized spectral regions to emphasize differences be-
tween pafticular objects which>in true colors are visually
quite similar,

The principles of false-color systems were used during
World War II. Kodak Ektachrome Aero Film (Camouflage Detec-
tion, then known as Kodacolor Aero Film, Camouflage Detection),
supplied to the Allied Armed Forces in 1942 was excellent for

this purpose (48), Kodak's film emphasized the difference in

infrared reflection between green vegetation and most visually



similar green paints. By the 1960's marked advances had been

made in producing aerial film,

Photo Interpretation

Along with the development of'techﬁology for aerial photo-
graphy, research was directed to use and interpretation., As
the multidisciplinary needs of remote sensing science and tech-
nology became more and more obvious; geographers, geologists,
soil scientists, foresters, land use specialists and others
actively experimented with the new techniques as they developed,
The interpretation of aerial photography became a special field
of technblogy with its own society and journals and its own.
discipline in many universities, The use of aerial photographs
as basé maps for soil surveys was well established by 1938
(30, 3) and had become standard procédure in the national coop-
erative soil survey conducted at that time by the cooperating
state agricultural experiment stations and the Soil Conserva-
tions Service, U.S.D.A.

Separation of Imagery into Discrete
Spectral "Bands" and Quantitative
Characterization of Reflectance

As attention turned to discriminating among such varied
objects as soils and plants in photography taken from aircraft
an awareness grew of the value of using different wavelength
bands (25), Although large differences in spectral responses
or tones are frequently apparent in aerial photography, many
objects are difficult to differentiate because they have

similar responses in particular portions of the spectrum. It



was found that this problem could be overcome by using differ-
ent discrete bands of imagery achieved through different com-
binations of filters and film types (25, 24, 2), It was also
obvious that to be useful the relative radiance in each band
would need to be expressed quantitatively.

Although adding greatly to the capacity to interpret photo-
graphy the imaging of data in discrete wavelength bands which
could be evaluated quantitatively greatly complicated the job
of the photointerpreter because of the added complexity and
volume of data. This served to emphasize the need for computer-
based techniques for handling and analyzing the data. The need
to quantify reflectance and emittance data registered on photo-
graphy from various targets (35, 24, 43) was further motivated
by the frequency of error inherent in subjective "by the eye™
estimates, Early approaches to achieve this end used such
devices as densitometers to evaluate quantitatively the relative
difference in density, tone or color, of black and white or
color photographs (16, 25, 29, 24),

By using quantitative data from discrete wavelength bands
of the optical spectrum to characterize the reflectance and
emittance properties of targets, investigators were able to
provide an accurate and effective basis for distinguishing and
identifying remotely-sensed targets., An example comparing the
reflectance curves of dry Chalmers Silty Clay Loam and a corn
leaf as obtained with a DK-2 spectrophotometer is shown in

Figure 1,



Development of Multispectral Scanner
(MSS) for High Flying Platforms

In order to extend the sensed imagery further into the
infrared region of the spectrum it was necessary to find a
method other than chemical photography. This led to the use
of electro-optical detectors which required a scanning technique
to transfer the radiant energy from the target scene to magnetic
tape. Such a device was developed by the military and when
the information was declassified following World War II it
was quickly improved upon and adapted to remote sensipg use
by civilian researchers, particularly the group at the Envir-
onmental Research Institute of Michigan (ERIM) formerly the
Institute of Science and Technology (IST) (23).

By 1971 under.NASA support, ERIM had modified its original
multipath, multispectral airborne scanner system to provide all
spectral bands along a single optical line of sight (Figure 2).
This greatly simplified the processing of the data since pre-
viously the choice of spectral bands for machine processing
had often been limited to those few grouped in one of four
separate optical paths., After the modification, any of the
multispectral bands selected from throughout the ultraviolet,
visible and infrared regions could be processed together,

Advantages (39) of the improved MSS as developed by
Michigan included: an output signal in electrical form
which could be readily transmitted, recorded, analyzed and
otherwise processed as desired; detectors with a wider dynamic

range than photographic film and a reversible detection process,.




Data from this Michigan MSS were used in the Southern
Corn Leaf Blight Expériment, the first large scale use of
remote sensing data in an integrated study of a large extent
of the earth's surface. The multispectral scanner designed
for the LANDSAT satellite series is based on the early Michigan
work,

Development of Computerized Methods for
Handling Multispectral Scanner (MSS) Data

With the advent of multispectral scanners and their
adaptation to use in aircraft and spacecraft the potential
data flow from such devices exceeded processing capabilities.
This stimulated research to improve computerized methods of
handling such large volumes of data (19). During this period,
mainly the mid-nineteen sixties, research concentrated on
machine processing methods which would make it possible to
keep ahead of the data flow and make the results of analyzed
earth imagery available quickly after its gathering. Land-
grebe and associates (21, 36) proposed and successfully demon-
strated that a type of multivariant analysis known as pattern
recognition when used on multispectral data could provide an
efficient and accurate means for identifying and measuring the
areal extent of crops and other earth cover types.

A software system, known as "LARSYS," was developed and
documented by members of the LARS staff (47). The procedures
for computerized handling and analyzing data from multispectral
scanners were enough advanced by 1971 to make feasible the

Corn Blight Watch Experiment (42).



Application of Remote Sensing to Soil Science

Since most soil scientists, particularly those involved
in soil genesis and classification, are knowledgeable of tﬁe
applications of the ordinary aerial black-and-white, color
and color infrared photography, I shall concentrate princi-
pally on use and potential in soil science of multispectral
data. Time does not permit a complete review of the ever in-
creasing volume of investigations of the applicability of re-
mote sensing to soil studies. I shall trace, however, the
evolution of the technology using suitable examples.

Early in the 1960's certain discrete wavelength bands
and combinations of these bands were found to be more discrim-
inating in characterizing soil differences than were the usual
photographs. Condit (17) using a laboratory spectrophoto-
meter to secure multiband daté found the spectral reflectance
of a wide range of soils could be predicted accurately from
measurements ﬁsing five wavelengths between .32 and 1.0
micrometers. Anuta (2) in applying pattern recognition tech-
niques to 4 channels of Apollo 9 data for the Imperial Valley,
California, was able to differentiate barley, sugar beets, al-
falfa, bare so0il, salt flats and water. Hoffer and Johannsen
(25) using a Beckman DK-2 Spectrophotometer secured reflec-
tance curves showing distinct spectral signatures among leaves
and soils of different colors and different moisture contents.

Measurements of radiation from samples of seven Indiana

soll series (13) encouraged attempts to characterize different
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soils by reflectance curves., Mollisols were separated from
Alfisols., However, in this study soil series with similar sur-
face colors were not reédily separated by spectral response,
Dry soils showed higher reflectance than wet soils and crusted
surfaces than uncrusted. Montgomery and Baumgardner (44)
studied reflectance from samples of 71 benchmark soils., They
found multispectral ﬁeasurements with a field spectroradiometer
to be highly correlated with cation exchange capacity and silt
content, From his research, Kristof (31) was encouraged by the
possibility of using as a soil classification method, multi-
spectral imagery in different wavelength bands secured by
scanners mounted on aircraft and analyzed by automatic techniques.
He succéssfully used data secured by the optical mechanical
scanner on an aircraft platform to differentiate levels of soil
organic matter in a bare soil field (5). Linear regression of
organic matter content and wavelength response gave an r value
of 0,74, Surface soil areas of different organic matter levels
over a 40 km flight line in central Indiana were delineated

and mapped successfully with multispectral data and automatic
data processing (32),

Data secured in the 1971 Corn Blight Watch Experiment at
5,000 feet were also used to test feasibility of using com-
puterized MSS data to distinguish Udalf from Udoll soil sub-
orders along the boundary of the classical "Prairie Point"

which protrudes into Indiana from the west.® Although the

*Peterson, J.B., S.J. Kristof, J.E, Cipra, and A.L. Zachary,
"Delineation of Udolls from Udalfs using Multispectral
Scanner Data." Abstract. 1972, Meetings Western Soc, Soil,

Sci., Salt Lake City,
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colors of zonal surface soils being compared were very close

in hue, chroma and value, judged by the Munsell soil color
chart, many of the samples being only one color chip apart on a
wet soil basis, good separation was achieved. Results of the
analysis are shown in Figure 3 where bars representing the
standard deviation from the mean of relative spectral responses
for 13 spectral bands show high reflectance from the bare sur-
faces of Udalf over the Udoll soils in every case.

Also using data from the 1971 Corn Blight Watch Experiment,
Cipra et al. (12) by defining spectral classes quantitatively
were able to define three of five soil mapping units in a 12-
mile flightline in Indiana.

With the successful launching of LANDSAT-1 a great amount
.of spectral data from the soils over the world became available.
By this time computerized procedures for handling and analyzing
such volumes of data had advanced enough to permit timely and
effective use of the statistics from satellites. The MSS sub-
system of LANDSAT-1 gathers data by imaging the surface of the
earth in four spectral bands simultaneously through the same
optical system. When LANDSAT imagery was compared to a soil
association map of Tippecanoe County, Indiana (11), after pro-
cessing both photographically and by computer analysis, four
groupings of 13 soil associations were separated.

Typical of the many examples of a growing proficiency in
utilizing satellite data to characterize and delineate soils
objectively and quantitatively are the studies by Baumgardner
and Henderson (4) of the soils of Crosby County, Texas; by

Westin (52) in South Dakota and Seevers (48) in Nebraska.
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Baumgardner was able to identify changes in soils from heavy
elays of: the north to sandy soils in the south. . Westin.with
LANDSAT-1 imagery identified and refined maps bf.soil associ-
ations in South Dakota. Negative prints produced from LAND-
SAT-1 band 7 imagery were used to produce a base map at
1:1,000,000 for a soil association values map of the state.
Seevers accomplished a delineation of 7 soil associations in
the Nebraska sand hills with multitemporal imagery.

More recently, Westin et al. (53) interpreted LANDSAT
color composite transparencies, single band transparencies
and enlargement prints to produce a soil écape map for 4,000
hectares at a cost of 2¢ per hectare.

The value of the synoptic view provided by satellite
imagery is clearly apparent in a recent discovery in central
Indiana* of a buried preglacial valley, an important tri-
butary of the Teays preglacial river system. The valley was
readily discernable in classified LANDSAT imagery of June 9,
1973, because its freshly tilled surface Aquoll and Udoll soils
were much darker than the Udalfs in the surrounding landscape.

Of significance is the fact that there seems to be no
other record of the continuity of this 65 km stretch of narrow,
meandering, continuous prairie. Soil surveyors in making two
detailed soil survey maps per county in the last 60 years for

three counties encompassing the buried valley have not commented

Peterson, J.B., F.E. Goodprick and H.N, Melhorn, 1875,
Delineation of the boundaries of a buried preglacial
valley with LANDSAT-1 data. g. 52, NASA Earth Re-
sources Survey Symposium (Abstracts). June 1975,

Houston , Texas.
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on the continuity of the stretch of prairie soils. Furthermore
geologists who have been searching for the exact location of
the valley since 1915 were unsuccessful until the LANDSAT data

provided a synoptic view, (Figure 4),

Radar

While research was expanding the recordable range of
radiant energy to include wavelengths of 0.3 to 14 um, other
research was exploring the possibilities of radar (17, 38, u41).
Radar is an active system which carries its own source of
energy and operates in the microwave portion of the EM spectrum,
These two characteristics give it a nearly all-weather, 24-hour
imaging capability, a capability not possible by other remote
sensing systems.
| Large areas of vegetative patterns have been identified
by radar. It has been effectively used to distinguish land
forms which influence soil characteristics such as erosional
and depositional'forms, moraines, slope, relative relief,
drainage net works, etc. (22, 40, 34 u6_ 7).

Commenting on the state of the art in 1974, Drake et al,
(18) suggests that side looking radar (SLAR) systems have great
potential for earth resource purposes, .

Potential of Remote Sensing as an Aid in
Mapping and Inventorying Land Use and Soils

1. Data availability.

Continued availability of data from high flying platforms

can be expected; from aircraft with certainty and from satellites
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with a high degree of expectancy because of practical, tech-
nical and strategic reasons. - Satellite data can be expected
to be available in a continually uniform formaf,.feadily ob-
tainable, from a single source, providing a homogenous data

base of land resource information.

2. Potential for further development.

Recent important improvements in the technology are being
refined and perfected. These include such innovations as the
capability to:

a. Analyze data from repetitive overflights of

LANDSAT on a multitemporal basis through data regis-

tration and overlay techniques;

b. Rectify imagery to near orthographic scales thus

making possible maps of precise geographic correctness;

c. Increase the resolving power of sensors on future

satellites,

3. Low cost per unit area.
Increasingly lower costs per hectdre of landscape are be-
coming possible for processing, analysis, interpretation and

prepafation in user-compatible format.

4, Improved data formatting.

There is an inherent great analytical advantage in quan-
titative data possible in the remote sensing approach and in
the ease of héndling great volumes of such data with mechanical

processes now available and still being improved such as LARSYS.
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5. Rapid and efficient coverage of large areas.

Currently securing, processing, analyzing ard préparing
data for large areas of landscape in user-understandable for-
mat can be accomplished rapidly and efficiently by remote sen-
sing techniques. These processes which utilize multispectral
sensors, digital data format and computerized techniques are
continually being improved.

6. Broad spectrum multiband sensor systems.

There are possibilities for capitalizing on the broad
spectral range and multiband approach available in pfesent
scanning sensing systems, which users are rapidly learning to
exploit as tools in target analysis, identification and de-
lineation,

74 Ready.accumulation of quantitative data per identifiable
unit of landscape. |

Quantitative data on a two dimensional basis can be
secured and analyzed rapidly by remote sensing techniques.
Once in a two-dimensional spatial arrangement such data can be
expressed as statistics or in map form. Furthermore it is
possiblethpoughcomputerized techniques to overlay one set of
remotely-sensed data with data taken at different times and alsoA
with various kinds of data from other sources. In addition the
scale can be adjusted to convenient dimensions and to provide

a uniform scale for overlaying various sets of data.
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Figure 1 Reflectance Curve of dry Chalmers Silty
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Figure 3 Coincident Spectral Plot Showing Higher Re-

flectance from Udalf than Udoll Soils over
13 Spectral Bands




Figure 4

Classified LANDSAT~-1 Data Trace Darker Colored
Aquoll and Udoll Soils on the Surface of a
Buried Preglacial Valley Among Udalf Soils for
65 km in West Central Indiana. A-Frankfort
B-Kokomo.



