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Foreword 
A new era has arrived in the application of aerial reconnaissance techniques— 
now referred to as remote sensing—for gathering data useful in the planning, 
design, construction, and maintenance of hi^ways. This era has been ushered 
in by the availability of new sensors and camera systems such as infrared, 
radar, multiband, and multichannel units. These systems expand the regions 
of the electromagnetic spectrum available to interpreters beyond the normal 
visible region, and are also capable of providing coverage within narrow bands 
in the visible region. 

The five papers included in this SPECIAL REPORT cover the broad field of 
remote sensing and its application to engineering. The topics discussed include 
the types of sensor systems available, the principles of their operation and what 
they sense, an indication of their potential value in various engineering areas, 
and examples demonstrating their application to engineering, both individually 
and in combination. A discussion of this subject is especially timely because 
most of the sensors described, which were formerly classified and of limited 
availability for civilian applications, have been recently declassified and are 
available commercially. 

The paper by Matalucci and Abdel-Hady summarizes some of the basic prin­
ciples of infrared radiation and demonstrates various applications of infrared 
photography and imagery to surface and subsurface exploration. Numerous ex­
amples of infrared imagery are included in the paper to demonstrate the value 
of this sensor. 

WiUiam A. Fischer of the U . S. Geological Survey has an extensive back­
ground in the application of various remote sensors in the field of geology and 
engineering geology. His concise summary describes the various sensor types 
and their applications to engineering projects. Some examples are included to 
demonstrate the type of information that can be derived. 

The paper by Rib and Miles may be considered a summary on the topic 
of remote sensing. The paper describes the results obtained in evaluating the 
complete series of available sensors for interpreting engineering soils and soil 
conditions. A major conclusion of the study is that the optimum information is 
obtained when a combination of sensors is used simultaneously. For the partic­
ular problem investigated, the optimum combination was natural color photog­
raphy and a multichannel sensor. 

The paper by Parker and Prentice describes the various types of sensors 
developed-both imaging and nonimaging—and their potential applicaUons to 
engineering. Some discussion is also included on parameters influencing the 
collection of sensor data. An extensive bibliography is included with this paper 
that should prove of value to these who wish to delve deeper into this subject. 

Barr and Miles present a systematic approach to the interpretation of land-
forms and the delineation of engineering soil groups from side-looking airborne 
radar (SLAR). To identify the landforms on the radar, pattern elements are de­
fined in a manner similar to the interpretation of conventional photography. The 
advantages and limitations of SLAR imagery compared with conventional photog­
raphy for regional planning purposes are also discussed. 

-Harold T . Rib 
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Surface and Subsurface Exploration by 
Infrared Surveys 
R. V. MATALUCC^ U. S. Air Force Institute of Technology, and 
M. ABDEL-HADY, School of Civil Engineering, CMahoma State University 

This paper summarizes some of the basic principles related 
to infrared radiation and demonstrates various applications of 
infrared photography and imagery to surface and subsurface 
exploration and terrain analysis for highway construction and 
other e i^neeri i^ projects. Major conclusions from this study 
are the following: (a) IR photography and imagery highlight 
variations in soil texture, composition, and moisture that may 
not usually be recorded by conventional photography; (b) the 
chlorophyll effect allows IR photography to assist in the ap­
praisal of cultivated land for right-of-way acquisitions; and (c) 
hidden subsurface conditions and geological features that are 
of greatest importance during highway site selection and de­
sign can be ejqjosed with IR instrumentation—features such as 
muck pockets, underground cavities, volcanic and hydrother-
mal activities, subsurface drainage systems, and buried util­
ities and conduits. With further research in the techniques 
used for remote sensing in the infrared, surface and subsurface 
exploration and drainage studies for construction of highways, 
airports, and other projects may be greatly facilitated. 

•IN THIS advancing technological age, there is Indeed a requirement for detecting and 
identifying various objects and conditions in the viniverse from remote locations. Be­
cause our natural remote sensors—our eyes, our ears, our skin—are surprisingly 
limited in acquiring and recording information about a remotely situated area, it has 
been necessary over the years to develop measuring devices to supplement them. These 
measuring devices, better called "remote sensors," detect and record energy that i s 
either emitted or reflected from objects that would otherwise not be revealed through 
the human senses. As research in the area of remote sensing of environment continues, 
techniques are beginning to provide otherwise unobtainable information about the world 
around us. 

One of the most useful regions on the electromagnetic spectrum for remote 
sensing, in terms of engineering application, i s the infrared. It has been established 
that although not detectable by the human eye, all objects having temperatures above 
absolute zero emit infrared radiation. In addition, an object receives infrared radiation 
from the sim, reflects a portion of it and absorbs the rest. The latter portion can then 
be emitted. If a sensing device is appropriately positioned to detect the emittted or 
even reflected infrared radiation, an identification of some objects could be possible 
through application of some basic laws of physics and radiation. 

It is the purpose of this discussion to summarize some of the basic principles re­
lated to infrared radiation and review various applications of infrared photography and 
imagery to surface and subsurface drainage and terrain analysis for highway construction. 

NATURE OF INFRARED 
Infrared is an electromagnetic radiation whose spectrum band falls between that of 

visible light and the microwave region. It is a form of "heat" radiation, but this sig­
nificance appears less prominent today than it was at the time of its discovery by 

1 
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nfrared occupies the spectrum band between visible light and 
microwaves. 

Herschel, in 1800. In any event, today infrared (IR) is most generally applied to elec­
tromagnetic energy whose wavelength lies between 0.7 and 1000 microns (0.7 x 10~'*cm 
to 1000 X 10"* cm). This energy can be reflected from, absorbed by, or emitted by 
objects of the universe. 

Considering m as a form of electromagnetic radiation. Figure 1 shows its domain 
in the electromagnetic spectrum. The customary units for wavelengths in the various 
regions are angstrom, micron, or centimeter as shown (1 micron = 10"* cm, 1 angstrom = 
10~' cm). The IR domain is further divided into near, middle, and far infrared, whose 
limits have been arbitrarily defined by the different types of detection devices used to 
record them. 

Infrared Radiation 

At temperatures above absolute zero 
(absolute zero in degrees Kelvin equals 
-273 degrees Centigrade), all objects 
continuously radiate electromagnetic 
energy as a result of their atomic and 
molecular motion. The total amount of 
emitted radiation increases with the ob­
ject's absolute temperature and reaches a 
peak at a certain wavelength. With increas­
ing temperatures, the peaks are reached 
at progressively shorter wavelengths 
(Fig. 2). The earth, having an average 
temperature of 300 K, has an emission 
curve that peaks near 10 microns and 
gradually decreases toward the microwave 
region. This permits the detection of 
emitted radiation of terrestrial bodies in 
a broad region of wavelengths in the infra-
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Figure 2. The effect of body temperature on i n ­
tensity and wavelength of infrared radiation. 



red band. The sun, by the same token, peaks in radiant power around 0.5 microns, 
which permits easy detection of reflected light with conventional photographic equipment. 

Two fundamental laws set forth the relationships of Figure 2. The first is Wien's 
displacement law, which states that the wavelength at which peak radiation occurs 
equals a constant K divided by the object's absolute temperature in degrees Kelvin 
(X = K / T ) . The second is the Stefan-Boltzmann Law, which states that the total radi­
ation from an object is equal to the product of the fourth power of its absolute tempera­
ture, a constant, and an emissivity factor E (W = EoT*). The emissivlty factor is the 
ratio of an object's radiation to that of an equivalent "blackbody." A blackbody is an 
object that absorbs all radiation that strikes it without any reflection. The factor, 
therefore, depends on the material and its surface properties. The emissivity factor 
for a mirrored surface, for example, would be about 0.05, while for lamp black 0.95. 
Finally, since total radiation or radiant emittance is expressed as the radiant energy 
emitted per second per square centimeter of surface area, energy per second is power; 
hence, emittance is usually measured in watts per square centimeter. 

There are several other laws of radiation that in varying situations take on a com­
plicated form. These become more applicable in the quantitative analysis of emittance, 
absorption, and reflectance characteristics of different objects. A discussion in this 
area is beyond the scope of this paper. Nevertheless, from some of the principles 
already presented, the basic strategy for detectii^ infrared radiation becomes relatively 
clear. 

Each object in nature has its own unique property of reflected, emitted, or absorbed 
radiation. These properties, once identified, can be used to distinguish one olqect 
from another, or obtain information about shape, size, and other characteristics. 
Furthermore, if the spectral characteristics of an object are known, an appropriate 
detector can be selected to make the desired measurement. 

The best known thermal source of IR radiation is the sun. Here, approximately 40 
percent of the svui's energy is in the form of IR heat radiation. Variations in the 
quantity of radiation can obviously be attributed to the changing distance from the 
earth, water vapor and particles suspended in the atmosphere, and irregularities in 
the sun Itself. 

Atmospheric Absorption of IR 

The atmospheric path between source and ol^ect, ol^ect and detector, or source and 
detector imposes severe limitations that must be considered. The atmosphere is, of 
course, far from being a pure substance. It is a mixture of oxygen, nitrogen, water 
(vapor, liquid, or solid), carbon dioxide, rare gases, and the suspended particles 
generally classified as haze, smog, or dust. Any radiation passing through the atmos­
phere could be either scattered, absorbed, or reflected by suspended particles before 
being finally transmitted. 

A typical transmission spectrum of the atmosphere is shown in Figure 3. The 
darker areas are the regions in which transmission is almost completely blocked by 
H ^ vapor, CO2, or a combination of other gases. The remaining regions are referred 
to as "Infrared windows" in which the absorption is slight. Absorption by water vapor 
virtually closes the atmosphere beyond the 25 micron wavelength to the start of the 
microwave region, where the absorption of the IR is so complete that for practical 
purposes the atmosphere is considered opaque. As a result of this natural phenomenon, 
if transmission of radiation is required through the atmosphere, it would be necessary 
to channel the wavelengths within the infrared windows. 

INFRARED DETECTION AND RECORDING 
Infrared radiation can be detectedandpresentedinimageformby two methods: pho­

tography and imagery. First, IR can be presented by photography using film that is 
sensitive to reflected m radiation. Second, IR can be presented by radiometry or 
imagery with electronic devices that are sensitive to emitted IR radiation and that 
produce an electrical signal proportional to the incident IR radiation. Both methods 
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can provide a visible photograph of the 
area in question, providing the latter uti­
lizes a device that converts the IR emis­
sion to an electrical signal, which is 
further converted to light that exposes a 
photographic film and records an IR 
image. 

An aircraft can be employed for taking 
IR photography and imagery as involved in 
taking normal aerial photographs. In IR 
photography, a camera is used to photo­
graph a large area of the terrain from a 
single perspective point, whereas in 
imagery, a radiometer is used that scans 
the terrain from side to side as the a ir ­
craft moves forward. The former method 
photographs the image of the reflected IR 

radiation, and the latter produces an image that is similar to a photograph but whose 
tone is related directly to the IR radiation emitted in the form of heat by the terrain. 

In general, therefore, IR photograpl^ is similar to normal panchromatic photogra­
phy except that IR radiation is recorded on an IR-sensitive film while panchromatic 
radiation is recorded on a visible light-sensitive film. Furthermore, panchromatic 
and IR photography are both involved with reflected radiation. Infrared imagery, on 
the other hand, is a heat-measuring system that records IR radiation emitted from 
the object and is, therefore, a function of the olqect's emissivity and apparent tempera­
ture. 

The following table offers a brief comparison of IR photography and imagery: 

Figure 3. Atmospheric absorption of infrared en­
ergy as a function of wavelength: atmosphere is 

opaque to IR except in the "windows" shown. 

Photography Imagery 

Records reflected radiation. 
Recording is directly on IR-

sensitive f i l m . 

Can only record up to about 
a 0.9 micron wavelength un­
less f i lm is shielded from 
the emission of the camera. 

Usable in daytime or when 
some other source of IR 
radiation is avoi lable instead 
of the sun. 

Reflection qualities of objects 
are measured. 

Records emitted radiation. 
Recording is an electric signal 

converted to light that exposes 
the f i lm and produces an IR 
image. 

Can record a l l IR wavelengths 
except those restricted by the 
atmospheric absorption bands. 

Usable preferably at night unless 
fil tering devices are employed to 
eliminate ambient reflected 
radiation. 

Apparent temperature and emis­
sivity of objects are measured. 

SURFACE AND SUBSURFACE EXPLORATION AND 
DRAINAGE STUDIES BY AERIAL INFRARED SURVEYS 

Surficial Earth Features 
Aerial photography provides a reliable and efficient means of moping terrain fea­

tures of many areas. This method is further enhanced by the development of instru­
ments for remote sensing in the IR region. Photographing an area in the infrared 
region in no way provides a complete image from which accurate identification of 
objects can be made. Instead, the infrared provides a new dimension to aerial pho-
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tography where, in correlation with pan­
chromatic photographs, more details about 
objects can be determined. Quite often, 
one portion of the desired information is 
best obtained in one region of the electro­
magnetic spectrum, while other portions 
require sensing in other regions of the 
spectrum. This consideration is often re­
ferred to as "multiband spectral recon­
naissance" and it has several specific 
applications. 

Colwell (4) illustrates the use of this 
method as a means of distinguishing be­
tween grass, concrete, asphalt, and soil 
surfaces from an examination of aerial 
photographs. Figure 4 shows the rela -
tive light reflectance of the four surfaces 
with respect to wavelength. For example, 
note that a grass surface has the lowest 
reflectance below 450 millimicrons and the highest reflectance above approximately 
720 millimicrons. Consequently it i s necessary to select appropriate bands in order 
to obtain photographic tonal characteristics that would permit differentiation between 
the four surfaces. The selection of a film sensitive to a specific wavelength where 
the greatest reflectance difference between surfaces exists provides the best tonal 
contrast. In this situation, the best tonal contrasts appear to lie at the 400 millimicron 
and 800 millimicron wavelength regions. 

Figure 5 is a comparison between visible and IR photographs. Both were recorded 
during a summer day while using an IR detector for the one and a visible light detector 
for the other. The IR photograph represents primarily reflected IR solar energy, 
while the visible is the result of reflected sunlight. Note the difference in the appear­
ance of the stream, vegetation, road, and cultural features on the IR. 

From a study of IR and visible photographs and IR Imagery, plowed and uiQ)lowed 
fields can be distinguished. The plowed field would be e^qpected to have higher emission 
if more of the solar energy is absorbed and subsequently emitted at the surface. A 
plowed or scarified surface would, therefore, usually appear lighter in tone on an IR 
image because of the higher emission (Fig. 6). Much of this phenomenon, however, 
depends on soil composition, density, surface texture, and moisture, which have been 
known to sometimes reverse expected tonal contrasts. 

This same correlation assists in estimating various soil parameters. The configu­
ration, physical state, and trafficability of surficial materials can be ascertained to a 
great extent simply by interpretation of the tonal contrasts and other features that may 
appear on an IR photograph or Im^e . Besides comparing IR photographs obtained in 
daylight with conventional aerial photographs, nighttime IR imagery adds a new dimen­
sion that assists in identifying surficial properties. 

An important fundamental principle that arises in the discussion of IR photography 
of vegetation is the "chlorophyll effect." In essence, this effect is usually explained 
by stating that chlorophyll is transparent to IR. As such, the internal tissues of 
leaves are permitted to reflect IR radiation. When leaves are diseased, however, 
the internal structure collapses and reflectance of IR decreases. As a result, vege­
tation will photograph lighter in IR if healthy and darker if diseased (Fig. 7). IR 
photographs, therefore, could be well used by right-of-way departments in appraising 
the value of citrus groves, crops, and other cultivated lands. 

Geological and Subsurface E^loration 

The geological interpretation of aerial photographs for identifying various landforms, 
rock types, and erosional features and for mapping joints and faults is a well-developed 
discipline. The location of these and other types of geological structures that may 
exert major influence on site selection for highway construction and other engineering 
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(a) Panchromatic Aerial Photograph. 

(b) Infrared Aerial Photograph. 

Figure 5. Comparison of visible and near infrared photographs of the same area taken on a summer 
afternoon (courtesy of HRB-Singer, Inc.). 

projects can be greatly enhanced by infrared surveillance. Within recent years, the 
development of IR aerial surveys has provided a means of obtaining geological and 
subsurface information that was not possible with conventional photography. Much of 
the additional detail that ER provides is due to the different specific heats and thermal 
conductivities of the materials associated with the geological formation. 

Recent IR imaging instruments have made possible the investigation of subsurface 
anomalies associated with volcanic regions of Hawaii (6). The aerial extent and rela­
tive intensity of the subsurface thermal activity were mapped. From the IR image, 



Figure 6. IR image of farmland near Dallas, Texas, reveals a ti lied field ' 
(courtesy of Texas Instruments, Inc.). 

and contour ridging 

it was possible to locate volcanic thermal patterns and structural features that were 
not observed on conventional aerial photographs. The degree and extent of thermal 
activity in many of the areas surveyed were obtained at various periods, and changes 
were noticed. The causes of a continuous increase in degree of intensity in some areas 
are not always known, but one could speculate that increasing subsurface activity of 
some type could be imminent. Airborne IR sensing instruments could be used periodi­
cally to monitor subsurface thermal activity in volcanic regions. 

The subsurface and near-surface hydrothermal activity in Yellowstone National 
Park was recorded with IR sensing instruments (1^). The image presented high-
temperature features such as hot springs and geysers, warm rivers, and above-normal 
ground temperatures. Various thermal patterns were observed where hot springs dis­
charged into lakes. Many of the hot springs at the lake bottoms had not been previously 
located. The imagery presented demonstrated the usefulness of IR sensing for mapping 
hydrothermal features, especially in areas too remote to be otherwise charted. 

Although discontinuities in rock and soil 
masses can usually be mapped using con­
ventional aerial photography, the tonal 
differences are at times more pronounced 
on IR imagery. To illustrate this applica­
tion some investigations made by the Science 
Service Division of Texas Instruments, Inc., 
are shown in Figures 8 and 9. Some of the 
distinction between the different materials 
could have been attributed to the different 
types of vegetation supported by each, but 
much more contrast is evident on IR imagery 
due to the thermal qualities of the rock and 
associated soils. 

Although the surface and subsurface 
drainage pattern in Figure 9 is distinct, 
the tonal contrast between adjacent soil 
types, which expresses different thermal 
characteristics, is evident. Thermal 
variations are a function of specific heats 
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Figure 7. Light reflectivity of wheat leaves [after 
Colwell (4)]. 



Figure 8. IR image of M t . Pisgoh near Hector,Calif.,revealsacinder c o n e - ^ ^ o f higher thermal prop­
erty and a clear contact between lavaf lows<f> ; the lighter tone at the center of the image is indico-

tiveof a relatively warmermaterial (courtesy of Texas Instruments, Inc.). 

and thermal conductivities of the two lava flows in Figure 8 and of soil materials in 
Figure 9. Thermal patterns on IR imagery indicate variation in ground moisture and 
in the mineralogy and chemistry of the materials. 

Infrared imagery is also used to display stream valleys and subsurface water chan­
nels that may otherwise be somewhat obscured by overburden or vegetation. Dark-
toned areas within the stream valleys on IR imagery are usually expressions of higher 
ground moisture content. There is, however, the strong possibility that the dark-toned 
stream valleys do not actually represent moist areas. At times, valleys are filled 
with colder air that cools the surface in this area more than the surface of the higher 
land and results in darker tones on IR imagery. 

Figure 10 reveals a striking subsurface drainage feature that is not displayed by a 
visual photograph. Vegetation many times suggests greater surface or subsurface 
moisture conditions at particular areas. However, vegetation alone does not provide 
a completely reliable means of exposing hidden drainage systems. The benefits gained 
from the use of IR imagery for locating underground drainage more reliably during 
highway site selection and construction are considerable. 

The Science Services Division of Texas Instruments, Inc. , has obtained much IR 
imagery for near-surface terrain analyses. Among them, three striking photogr^hs 
reveal subsurface cultural features that could be of utmost importance to highway 
engineers. Figure 11 reveals the location of a drainage channel beneath an airport 
nmway; Figure 12 exposes the location of a buried pipeline, and Figure 13 shows the 
location of a buried conduit. Many other cultural features whose location is vital for 
highway planning can usually be more distinctly exposed with IR imagery. Futhermore, 
considerable time could be saved in making surveys for designing highways if IR instru­
ments were used to detect lost or forgotten buried utilities and other facilities. 

The Florida State Road Department has been investigating the possibility of detect­
ing near-surface underground voids, caves, and caverns in the limestone areas of 
the State with IR imagery. In a recent pilot surveying using a Bendix LN-1 sensor 
filtered to 3.7-5.5 microns, muck pockets were located that were previously over­
looked in the soil survey {19). Further research to determine the type of IR instru­
ment and wavelength bands most suitable for detecting underground voids and muck 
pockets will xmdoubtedly provide a valuable tool for the highway engineer. 



Figure9. IR image of terrain near Fort Worth, Texas (top), shows the thermal character of flat-lying 
strata; IR image near Grapevine, Texas (bottom), shows soil thermal character (courtesy of Texas In­

struments, Inc.). 
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Figure 10. IR image of terrain near Walley's Spring, Nevada, expressing a subsurface drainage fea­
ture (courtesy of Texas instruments. Inc.). 

Figure 11. IR image of airport runway; arrows indicate location of existing subsurface drainage chan­
nels (courtesy of Texas Instruments, Inc.). 

1 

A. 

Figure 12. IR image of terrain at Death Valley, Calif., exposing the location of a buried pipel 
arrows from left to right indicate the pipeline right-of-way, pipeline beneath terrain, and pipe 

exposed at stream crossing (courtesy of Texas Instruments, Inc.). 

ine; 
ine 
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Figure 13. IR image of an industrial area of Dallas, Texas, showing highway overpass power 
transmission lines and subsurface condui t^^ (courtesy of Texas Instruments, Inc.). 

The application of IR instruments for detecting cavities under edges of concrete 
pavements is also promising. The advantage in detecting these cavities before pump­
ing develops or actual failure takes place, both from a safety and maintenance stand­
point, is obvious. 

CONCLUSIONS 
Infrared radiation, which lies between visible light and microwaves, can be con­

sidered one of the most useful regions of the electromagnetic spectrum for remote 
sensing for engineering purposes. Within the past few years there has been an in­
creasing awareness of the potential applications of IR surveys for many practical 
purposes. Numerous investigations are presently being conducted by private and 
governmental agencies that are expanding IR sensing techniques into many areas of 
highway engineering. 

It is of great value in highway planning to identify surface materials reliably and 
rapidly. IR photography and imagery highlight variations in soil texture, composition, 
and moisture that are not usually recorded by conventional photography. The chloro­
phyll effect allows IR photography to assist in appraising cultivated land for right-of-
way acquisitions. The additional information that IR techniques provide about surface 
conditions can greatly reduce highway construction costs. 

Hidden subsurface conditions and geological features that influence highway planning 
and design can be exposed with IR instrumentation. The location of muck pockets, 
underground cavities, volcanic and hydrothermal activity, subsurface drainage systems, 
and buried utilities and conduits is of utmost importance during highway site selection. 
IR sensing in many instances can expose these items, which are usually omitted during 
normal exploration surveys or drainage studies. The application of IR sensing for 
mapping boundaries of rock formations and soil types cannot be overemphasized. 

Although experience in the geological interpretation of imagery and photography may 
appear to be somewhat limited at present, i t is evident that valuable surface and sub­
surface information not noticeable on visible aerial photographs may be displayed using 
IR. This potential method of gathering such information should not be overlooked and 
its value in preliminary investigations is obvious. With further research in the tech-
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niques used for infrared remote sensii^, surface and subsurface exploration and drain­
age studies for construction of highways, airports, and other projects may be greatly 
facilitated. 

ACKNOWLEDGMENTS 
The writers gratefully acknowledge the cooperation and assistance given by HRB-

Singer, Inc.; Texas Instruments, Inc.; and the U. S. Geological Survey. The litera­
ture and information pertaining to remote sensing with infrared furnished by them and 
permission for reproduction of photographs were a great aid in the preparation of this 
paper. 

The writers wish to thank Prof. O. Mintzer, Ohio State University, and Mr. J . H. 
McLerran, CRREL, U. S. Army, for their critical review of this paper and for their 
many helpful suggestions. 

REFERENCES 
1. Cantrell, J . L . Infrared Geology. Photogrammetric Engineering, Vol. 30, No. 

9, p. 916, Nov. 1964. 
2. Chaney, L . L . Earth Radiation Measurements by Interferometer From a High 

Altitude Balloon. Proc. Third Symposium on Remote Sensing of Environment, 
Feb. 1965, Univ. of Michigan, p. 225-245. 

3. Clark, W. Photography by Infrared, Second Edition. John Wiley and Sons, New 
York, 1946. 

4. Colwell, R. N. Some Practical Applications of Multiband Spectral Reconnais­
sance. American Scientist, Vol. 49, p. 9-36, March 1961. 

5. Feder, A. M. Let's Use More of the Electromagnetic Spectrum. Trans. Gulf 
Coast Assn. of Geological Societies, Texas, Oct. 1964. 

6. Fischer, W. A. and Moxham, R. M. Infrared Surveys of Hawaiian Volcanoes. 
Science, Vol. 146, No. 3645, p. 733-742, Nov. 6, 1964. 

7. Gates, D. M. Characteristics of Soil and Vegetated Surfaces to Reflected and 
Emitted Radiation. Proc. Third Symposium on Remote Sensing of Environ­
ment, Feb. 1965, Univ. of Michigan, p. 573-600. 

8. Harris, D. E . , and Woodbridge, C. L . Terrain Mapping by Use of Infrared 
Radiation. Photogrammetric Engineering, Vol., 30, No. 1, p. 134-139, 1964. 

9. Jamieson, J . A. Infrared Physics and Engineering. Inter-University Electronics 
Series, McGraw-Hill Book Co., New York, 1963. 

10. Kinsman, F. E . Non-Contact Sensors, Across the Electromagnetic Spectrum, 
for Geoscience Purposes. Texas Instruments, Inc., Dallas, April 1964. 

11. Kruse, P. W., McGlauchlin, L . D., and McQuistan, R. B. Elements of Infrared 
Technology. John Wiley and Sons, New York, 1962. 

12. Martin, A. E . Infrared Instrumentation and Techniques. Elsevier Publishing 
Company, Amsterdam-London-New York, 1966. 

13. McLerran, J . H. , and Morgan, J . O. Thermal Mapping of Yellowstone National 
Park. Proc. Third Symposium on Remote Sensing of Environment, Feb. 1965, 
Univ. of Michigan, p. 517-530. (Reprinted by the Am. Soc. of Photogrammetry 
in "Selected Papers on Remote Sensing of Environment," July 1966.) 

14. Molineux, C. E , Aerial Reconnaissance of Surface Features With the Multiband 
Spectral System. Proc. Third Symposium on Remote Sensing of Environment, 
Feb. 1965, Univ. of Michigan, p. 399-421. 

15. Ory, T. R. Line-Scanning Reconnaissance Systems in Land Utilization and 
Terrain Studies. Proc. Third Symposium on Remote Sensing of Environment, 
Feb. 1965, Univ. of Michigan, p. 393-398. 

16. Robinove, C. J . Remote-Sensor Applications in Hydrology. U. S. Geological 
Survey, Washington. 

17. Simon, I. Infrared Radiation. D. Van Nostrand Co., Princeton, 1966. 
18. Strangway, D. W., and Holmer, R. C. Infrared Geology. Proc. Third Symposium 

on Remote Sensing of Environment, Feb. 1965, Univ. of Michigan, p. 293-320. 
19. Personal communication from the Florida State Road Department. 



Examples of Remote Sensing 
Applications to Engineering 
WILLIAM A. FISCHER, U, S. GeoI(«ical Survey 

•MOST observations that can be made with remote sensing systems can provide Infor­
mation that is relevant to engineering endeavors. Figure 1 shows the basic parameters 
that may be "observed" with operational and/or experimental devices operating in one 
or more parts of the spectrum or one or more "dimensions." The dimensions of re­
mote sensing include (a) the spatial dimension, (b) the spectral dimension, which in-
cludestwo sub-dimensions—polarization and luminescence, and (c) the dimension of 
time. The ability of the scientific community to Interpret items of engineering signif­
icance from remote sensor data varies greatly from one part of the spectrum to another 
and from one dimension to another. The purpose of this paper is to summarize the 
state of the art in each of the major spectral increments and dimensions and to discuss 
the engineerli^ value of these classes of observations. 

SPECTPAL/SPATIAL DIMENSIONS 
Systems making use of the spectral/spatial dimensions of remote sensing include 

cameras, optical-mechanical scanners, and radar and microwave Imaging systems. 
General comments on each of the commonly used systems follow. 

Panchromatic Photography (or Television) 
Panchromatic photography is the most widely used remote-sensing technique be­

cause of its availability, relatively low cost, and high information content. Interpre­
tive and mensuration techniques are well developed and it is widely used for mappii^. 
Formal training in its use for engineering and other purposes is available. 

Luminescenc* Shape, 
and atomicfgasj sjxe 
absorption position 

Gross 
Water chemittry 
content of rocks 

Passive 
temperatures 
to some depth 

G a m m a - r a y X - r a y Vis ib le Microwave 
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Mineralogy 

Maximum reflectance 
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P lant 
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Figure 1. General types of infomiation that may be obtained from observations made in various parts 
of the electromagnetic spectrum. 
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behind the recently built breakwater. 

Infrared Photography (or Television) 
Infrared photography is primarily of value in mapping drainage features and shore­

lines. Water is always black in a positive print. Some vegetation characteristics are 
discernible that are, in turn, valuable in land-use determinations. The presence of 
vigorous vegetation (characterized by high infrared reflectance) may, for example, de­
note high soil-moisture conditions. 

Color Photography (or Television) 
Color photography, in spite of its built-in spectral redundancy, promises to be a 

major tool of the earth scientist in many special fields, and is sufficiently better for 
recognition of significant features such as soil types and underwater features that i t 
may replace panchromatic photography for many engineering uses. 

Infrared Color Photography (or Television) 
Infrared color photography may be superior to standard color photography for many 

purposes. It shows differences in vegetation and vegetation vigor more clearly and 
provides a slightly higher contrast on water surfaces than conventional color. Infrared 
color is also useful for "seeing" alien fluids in water. Figure 2 is a black-and-white 
copy of an infrared color photograph of the Maumee River in Toledo, Ohio. The distr i­
bution of effluents from a sewage treatment plant is clearly visible. 

Ultraviolet Imagery 
Reflectance contrasts among many natural objects are commonly greater in the u l ­

traviolet than in the visible part of the spectrum. Thus, ultraviolet imagery acquired 
with scanners or cameras may be especially useful for discriminating rock and soil 
tjrpes. Spectroscopic measurements suggest that the reflectance of rocks that have a 
high silica content decreases rapidly with decreasing wavelengths in the ultraviolet, in 
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EDAR AVE. 

BIRNEY ST. 

Figure 3. Infrared image of a portion of Scranton, Pa., showing thermal anomalies associated with 
burning culm banks and underground mine fires; the rectangular anomaly in the right-central part of 

the image outlines a bowling alley—since removed. 

contrast to basic rocks whose reflectanc e changes little with decreasing wavelength. Multi-
spectral systems recording in the ultraviolet may permit gross rock type identification. 

Multispectral Photography (or Television) 
Multispectral photography is commonly acquired with 9-lens cameras or clusters of 

lesser numbers of small cameras. Interpretation of multispectral photography requires 
a background of spectral-signature studies of terrain and water features that has been 
developed only in part. Data returns from some multispectral systems are voluminous 
and cannot be readily interpreted by conventional means. 

Infrared Imagery 
Infrared imagery has shown its value as a tool for measuring apparent surface tem­

peratures. The lack of an internal reference system and a simple means of determin­
ing emissivity hampers its quantitative usefulness. Greater knowledge of the physical 

Infrared image obtained with a line scanning radiometer. 8-13 micron band. 

The infrared image records the patterns of cool surface and ground water discharge into 
warmer ocean water. This method may be applied to the locating of new sources of fresh 
water along coastal areas. 

Figure 4. Infrared image of fresh water discharge into ocean, Balayan Bay, Luzon Island, Phili ppines. 
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Figure 5. An infrared image of a segment of the San Andreas fault; the temperature difference on 
either side of the fault has been interpreted to reflect differing proximity of the water table to the 

surface. 

and chemical parameters that have an effect on radiant temperatures needs to be de­
veloped to assure proper use of the reduced data. Infrared imagery is becoming rou­
tinely applied in surveys of abnormal geothermal features, such as volcanos and under­
ground fires. Figure 3 shows thermal anomalies associated with burning culm banks 
and underground fires. Images of this type are helpful in planning control of at least 
some mine fires. 

Infrared scanners have proved particularly useful in imaging the distribution of fresh 
water springs issuing into the ocean and streams; Figure 4 shows one example of such 
an image. Scanners have been used in highway route surveys of thermal areas and to 
map concealed fault structures and local differences in the proximity of the water table 
to the surface (Fig. 5). Areas having abnormally high soil moisture content and con­
sidered to be landslide prone have also been located from infrared images (Fig. 6). 
Flown repeatedly at different times of day, infrared images provide information on the 
"compaction" of the surface. Scanner data are difficult to relate to map positions. 
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Figure 6. Areas believed prone to landslides are distinguished from stable ground through differences 
in soil moisture content; the ability to identify these areas near highways, residential areas, and in­

dustrial construction and to make the information available quickly would have obvious benefits. 

Multispectral, Optical-Mechanical Scanner Imagery 

Multispectral, optical-mechanical scanners permit data to be acquired throughout a 
broader band of the spectrum (~0.3 u - 16 n) than photographic systems. Data can be 
acquired simultaneously in 18 or more channels. The resulting high data rates require 
use of automatic data processing techniques. Such a system has been used to automa­
tically survey distributions of water, agricultural crops, rock types, houses, and other 
cultural features. Automatically processed, multispectral scanner data hold high prom­
ise of aiding in land-use surveys. 

Radar Imagery 

Radar imagery is an excellent tool for all-weather coverage of large areas. It has 
demonstrated value in mapping structural features, has been of some use in differen­
tiating crops and rock types, and has delineated areas of abnormal soil moisture. 
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Figure 7. A radar image of on area near Jackson Hole, Wyo,; note the clarity with which some 
geomorphic features such as terraces and kames are shown. 

Geomorphic features such as eskers, terraces, and old stream channels often show 
clearly on radar images (Fig. 7). It is quite usable for small-scale planimetric chart­
ing, especially as an adjunct to conventional maps. As longer wavelength radars be­
come available, they may permit detection of some subsurface features. 

Passive Microwave Images 
Passive microwave images record energy emitted from the earth in the radio f re­

quencies. The quantities of energy emitted depend on the temperature of the object and 
its emissivity. Temperatures and emissivities are integrated to some depth. Systems 
may be useful for mapping soil moisture distributions. The wide range of emissivities 
of materials in this part of the spectrum suggests that microwave observations may be 
useful for identifying solids and fluids. Recent research suggests that microwave im­
ages may provide sea-state information on lakes and oceans. Much laboratory work 
remains to be done before the data can be used effectively for engineering or resources 
purposes. 

SPECTRAL DIMENSION 
Systems making use of the spectral dimension are nonimaging in the conventional 

sense. They include spectrometers, radiometers, and interferometers. Commonly, 
these systems are more easily calibrated than imaging systems and make useful ad­
juncts to images. Following is a description of those under intensive study. 

Infrared Radiometry 
Infrared radiometry is very useful for sequential measurements of changes in land 

and water surface temperatures because it is a simple measurement technique and data 
reduction is simpler than for infrared imagery. Some systems used multi-wavelength 
arrays. Radiometry is routinely used for periodic radiant temperature surveys of 
near-shore oceanic areas. These data are commonly recorded on conventional strip 
charts. 

Infrared Spectral Radiometry 
Infrared spectral radiometry measurements are made with spectrometers, inter­

ferometers, and filter-wheel radiometers. Observations have meaning with respect to 
plant identification, rock composition, and apparent surface temperature. Wavelengths 
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Fig. 1. Conventional photogfoph of o quarry 
foce near Batfimore, Maryland 

Fig. 2. Imaee of lame areo as Fig. 1, recording 
both reflected ultraviolet energy and ultraviolet 
stimulated luntinestente, shows, a - luminssemg 
itiinerai {deweyltte, o hydrous nagnesium 
silicate) and b - fractures. 

Fig. 3, Imoge of same areo as Fig. I and 2, record­
ing only UV stimulated luminescence (deweylite) 

Figure 8. Example of observation of luminescence as an aid in geologic study. 

observed are from 1 to 16 fi. Computer-stored libraries of "spectral signatures" are 
being compiled. Some systems have a field-of-view of 1 deg or less and integration 
times of % sec or less. 

Passive Microwave Radiometry 

Passive microwave radiometry is a means of measuring apparent temperatures at 
selected frequencies in the radio spectrum. Multi-wavelength arrays are commonly 
used. Depth to which temperatures are integrated is a function of wavelength; the 
longer the wavelength the greater is the "penetration." Passive microwave radiometers 
have been used successfully to detect subsurface voids and are being tested extensively 
to affirm their usefulness for measuring water content of snow. Microwave radiometric 
data are commonly recorded on strip charts or magnetic tapes. 

LUMINESCENCE DIMENSION 
Luminescence Imagery and Luminescence Detectors 

Images showing the distribution of luminescing solids (various rock types) have been 
produced using active systems that illuminate the scene with viltraviolet light and record 
luminescence in the ultraviolet, visible, or infrared wavelengths; Figure 8 shows a 
quarry face near Baltimore, Md., as it appears in a conventional photograph and in im­
ages recording reflected ultraviolet light and ultraviolet-stimulated luminescence. De­
tectors that record ultraviolet-stimulated luminescence within Fraunhofer lines in the 
visible spectrum are being readied for flight test. These detectors have been used to 
detect luminescing substances in water in concentrations of three parts per billion. 
Laboratory tests suggest that some dolomites may be differentiated from limestones by 
observing their luminescence characteristics and that feldspars may be identified by 
measuring the decay time of ultraviolet-stimulated luminescence. 

TIME DIMENSION 
Time is probably the most powerful dimension within which to discriminate and iden­

tify objects or conditions. A l l sensors can be used to assess change in objects with 
time, provided their successive records can be efficiently compared. 

Recognition of the value of repeated observations has led to proposals to place long-
life sensors, such as television systems, in orbit. From orbit, repetitive images can 
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A P P A R E N T T E R R A I N D I F F E R E N C E S IN P H O T O M O S A I C S 

MAY NOT R E P R E S E N T A C T U A L D I F F E R E N C E S 

Figure 9. Mosaic of aerial photographs of part of the Arabian Peninsula; arrows show direction of 
flight; dashed lines outline areas of homogeneous terrain. 

be obtained at relatively low cost. By using narrow-angle viewing systems, which can 
be economically employed from orbit, images may be acquired that are quite uniform 
and near-orthographic and hence may be easily compared for studying changes with 
time. Placing the satellite in sun-synchronous orbit so that repeated observations are 
made at the same local time also adds to the ease of comparing sequential images. 

Intended to illustrate the significance of "controlling" time in studies relating to 
landform classification. Figure 9 is a carefully matched mosaic of aerial photographs 
of a part of the Arabian Peninsula. The directions of flight are indicated. There was 
approximately a three-hour difference in time between the northward and southward 
flights. Al l other flight and processing parameters, except time, were uniform. The 
outlined areas are homogeneous—the vast differences in appearance relate solely to 
changes in sun angle. From space, of course, all of this area and more would be visi­
ble from one point at one instant of time. Further, if the satellite were placed in sun-
synchronous orbit, that is, an orbit where the earth/sun relationship stays constant, 
the entire earth can be viewed repeatedly at the same local time. Thus, successive 
observations would be easily comparable and changes with time readily assessable. 

POLARIZATION DIMENSION 
Comparison of radar images recording radar energy returns in two planes of polar­

ization has resulted in improved discrimination of man-made objects from natural 
backgrounds and differentiation of rocks having differing surface roughness. 

Studies of the polarization of sunlight and depolarization of "earth" (ashen) light re­
flected from the moon have aided in classifying elements of the lunar surface. 

Laboratory and theoretical studies suggest that observations of polarization/depolar-
ization, in all wavelengths, may evolve to useful techniques for classifying earth fea­
tures, defining surface characteristics, and recognizing water pollutants. 

SPATIAL DIMENSION 
The development of the laser as a coherent source of light has made possible signif­

icant advances in optical processing techniques, including holography. These techniques 
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Figure 10. Hologram showing changes in patterns of vibration on the top of a tin can with changes in 
vibrational frequency (courtesy of Robert L. Powell, American Optical Company). 

permit the emphasis of objects having orderly spatial arrangement and the measure­
ment of change in positions, in terms of wavelengths of light. Several studies have 
been undertaken in which spatial filtering techniques have been applied to study of joint 
systems in rocks; to date, few evaluations of results have been published. Many i l ­
lustrations of the value of holography as a mensuration tool, however, are published. 

Figure 10 (Robert L . Powell, 1967) is a hologram showing the changes in vibrational 
patterns on the top of a tin can with changes in vibrational frequency. Holograms can 
provide the engineer and scientist with mensuration/interpretation data precise to wave­
lengths of light. In the opinion of the author, holography and related spatial filtering 
techniques are probably the most significant advances of recent years in the broad field 
of remote sensing. Although in their infancy, these techniques wil l soon provide to 
scientists and engineers an opportunity for quantum advances in their respective fields. 

CONCLUSION 
In summary, essentially all potentially usable parts of the electromagnetic spectrum 

are under investigation. Instruments are available to "sense" in most, if not all, of 
the spectrum, and in the various dimensions of remote sensing. Looking ahead, it 
seems likely that the increasing demands for resources and engineering data will ac­
celerate the demand for timely survey data. This increasing demand for timely survey 
data will likely cause many of the current experimental systems to be placed in opera­
tional use in the near future. 



Multisensor Analysis for Soils Mapping 
HAROLD T. RIB, Federal Highway Administration, Bureau of Public Roads, and 
ROBERT D. MILES, School of Civil Englneerii^, Purdue University 

The potential of available remote sensing systems for evalua­
tion of soils and soil conditions was studied and an optimum 
combination of sensors for analyzing soils was sought. To in­
vestigate the various sensors, nine flight coverages were ob­
tained over three controlled test sites duringa 13-monthperiod. 
Coverage was obtained with various aerial films (color positive, 
color infrared, color negative, black-and-white panchromatic, 
and black-and-white infrared), a multiband camera (9 lens), 
radar sensors (K-band), infrared sensors (far infrared), and a 
multichannel sensor (ultraviolet through far infrared). Not all 
combinations were obtained in any one flight program; how­
ever, several combinations were obtained during each flight. 
The major conclusion was that the optimimi system for delineat-
i i^ and moping soils was a multichannel sensor flown simul­
taneously with an aerial mapping camera taking natural color 
photogr^hy. Of the aerial film types investigated, natural 
color was the most useful single film type. 

•IN recent years, remote sensors such as infrared, radar, and multichannel and multi-
band instrimients have become available for civilian use. In addition, newer and improved 
aerial films have been produced and special film-filter combinations for image enhance­
ment have been evaluated. Several studies have been performed where each of these new 
sensors and film types has been evaluated individually; however, little has been reported 
in the unclassified literature on the evaluation of combinations of these films and sensors. 

To investigate the potential of these aerial films and sensors for detailed soils map­
ping, a project sponsored by the Bureau of Public Roads and the Indiana State Highway 
Commission was instituted at Purdue University entitled "Annotated Aerial Photo­
graphs as Master Soils Plans." The first phase of this project was to evaluate the 
potential of the available types of aerial sensors and to propose a multisensor system 
for performing detailed engineering soils mapping. This paper describes the results 
obtained in the first phase of the study, which was completed in December 1966 ( I ) . 

FLIGHT PROGRAM 
Three test sites were selected in the vicinity of Purdue University to investigate the 

applicability of the various remote sensors. Nine flight coverages were obtained over 
the sites during a period from May 1965 to June 1966. Concurrently with the aerial 
program, a field program was conducted to evaluate some of the parameters influencing 
the data collected and to determine some of the conditions existing during the flight 
coverage. 

Field data collected during the program included surface soil moisture contents, 
photographic and multiband groimd coverage, field radiometer readings in the 8-14 n 
band, and meteorological data from local weather stations. 

A summary of the flight programs is given in Table 1, Five different types of aerial 
photography (taken at three different scales), multiband photography, infrared imagery 
(three different sensor systems), radar imagery (two different sensor systems), and 
multispectral imagery (ultraviolet through far infrared) were obtained. Although, 
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TABLE 1 

FLIGHT COVERAGE OF TEST SITES 

Date 
Photographic Coverage^'' Imagery Coverage' 

B&W B - I C-P C-N C-I Nine-Lens* Infrared^ HadarB Multichannel'' 
Agency"* 

5/13/65 m _ _ 3 k _ WPAB 
7/1/65 m, 1 m, 1 m, l — — 3 k _ WPAB 
7/26/65 — — m, 1 — — — 3 — _ WPAB 
9/1/65 m — m, 1 — m, 1 _ k _ WPAB 
9/14/65 — — _ _ _ _ _ k' 1 
10/7/65 — — _ _ _ — _ k' 1 
10/25-26/65 m, I _ m,l ( l ) m, 1 m _ _ ISHC 
5/2/66 h, m, 1 — — — _ _ _ _ ISHC 
5/3/66 — — — h, m, 1(2) h, m, 1 — — — — ISHC 
5/4/66 — — h, m, 1 — — m — _ — ISHC 
5/6/66 1 h, m, 1 — _ — _ _ _ X ISHC, UMl 
6/1/66 — — _ _ — 1,2 _ FS 
6/2/66 0 - - - - - 1.3 - - FS 

a. Film types and filters 
e&W-Plus-X Aeregraphic Film, No. 12 ontivignetting filter on 10/65 ond 5/66 flights. 
B-l-lnfrared Aerographic Film, No. 12 ontivignetting filter on 10/65 and 5/66 flights. 
C-P-Ektochrome Aem Film (HF-3 used on S/I3/6S flight). 
C-N-(1) Agfocolor Negative Film CN 17, used 10/2S-26/65. 

- ( 2 ) Ektachrame MS Aeiogniphic Film T/pe SO-51 (Aero-Neg ), used S/^/66. 
C-I-Ektochrome Infrared Aen Film, No. 12 ontivignetting filter on 10/65 and 5/66 flights. 

b. Photographic scal«flown,9 x 9 fonnat 
h - h i g h a \ t u d e l M , a « ) . 
m—medium oltitude 1 10,000 
1— low altitude 1 4,000. 
0—70 mm format, low altitude. 

c. Al l imogery obtained on this pro|eet is "clossified." Prints from radar imagery of 9/14 and 10/7/65 and infrared imagery of 6/1 and 6/2/66 
have been "declassified." 

d. Agency 
WPAB—Avionics Laboratory, Wnght-Potterson Air Force Base. 
ISHC—Indiana State Highway Commission. 
UM-lnfiored ond Optical Sensor Laboratory, Institute of Science and Technology, Univeisity of Michigan. 
FS-lntennountain Forest and Range Experiment Stotion, Northern Forest Fire Laboratory, U.S. Forest Service. 

e. Nine-Lens camera coverage from 0.38 to 0.89 microns in 8 steps. 
f. Infrared imagery 

micron bond, daytime. 
2— 8-14 micron band, nighttime. 
3— 8-14 micron bond daytime. 

g. Radar coverage 
V - < band, (HH) polarization. 
k ' - K bond, (HH)and (HV) polarization. 

h. Multichannel coverage from ultraviolet through for infrared. 
I . Obtained with equipment developed by U.S. Army Electronics Command. 
| . Imagery by Univenity of Michigan Institute of Science and Technology, NASA Grant 715, permission of U.S. Army Electronics Command. 

during any given flight program, simultaneous coverage of all film types and imagery 
was not obtained, sufficient combinations of sensors were evaluated in the program to 
arrive at an optimiun system for soils mapping. 

EQUIPMENT AND VIEWING TECHNIQUES 
Stereoscopic coverage was obtained for all aerial photographic film types. The 

viewer used was a zoom stereoscope capable of magnification from 2.5 to 20 times. 
The stereoscope was mounted on a carriage on a light table permitting scanning in an 
X and Y direction. The light was an argon-mercury source, which provided 900 foot-
lamberts at maximum intensity and permitted variable intensity at a 20 to 1 ratio in 
two overlapping ranges. Both transparencies positives and negatives) and positive 
prints were viewed on the light table. The prints were placed on the table and illu­
minated by an external source. 

A technique utilizing Wratten filters in the viewing system was used to assist in the 
interpretatioa These filters increased the contrast between objects of interest on 
color photography and made it easier to delineate various soil boundaries. The filter 
was placed in only one of the eyepieces of the stereoscope to obtain the desired con­
trast without excessive suppression of light. 
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The approach used in this multisensor study was to attempt to Identify various soil 
and rock units through their unique responses in various portions of the electromagnetic 
spectrum—e.g., their properties of reflectance of solar energy in the visible region, 
their emission properties in the infrared region, on the amount of transmitted signal 
energy they reflect back to the antenna in the radar region. This approach is not 
straightforward, since information on soils is not directly observable on photography 
or imagery. Soils and rocks are interpreted by deduction and inference based on the 
evaluation of the pattern elements of form and tone and texture (2). Form includes the 
elements of topogr^hy, drainage, and erosion. The elements of tone and texture in­
clude the values (color) and textures related to land use and vegetation, and the tones 
(color) related to materials (3). 

The qualitative analysis of the data collected was based on the premise that an opti­
mum system would be one having the greatest potential for evaluating the separate pat­
tern elements. The potential of the various film and imagery types studied was eval­
uated by comparison with black-and-white photography, the standard type heretofore 
used for soils mapping. 

In subsequent sections, the following symbols are used to identify various film and 
print types in the discussion: 

Black-and-white panchromatic photographs B&W 
Black-and-white infrared photographs B-I 
Color transparencies (positives) C-P 
Color negative film C-N 
Color infrared transparencies (positives) C-I 
Color print made from color negative C-P/C-N 
Black-and-white print made from color negative B&W/C-N 

ANALYSIS OF ELEMENT OF TONE 
Comparison of Film Types 

The element of tone is very important in the interpretation and delineation of soils. 
The major factors contributing to the tonal patterns on aerial photography, as indicated 
by Rib (1), include (a) color of soil and rock; (b) composition of soil and rock; (c) mois­
ture condition of soil and rock; (d) culture; and (e) vegetation. Therefore, an important 
step in soils interpretation is the discrimination of tones due to soil composition from 
tones due to the other factors. 

The value of the various film types for discriminating between the major tonal fac­
tors is demonstrated in Plate 1. The area covered is in a transitional zone between 
soils developed under prairie cover and those developed imder forest cover. The 
parent materials are the same in both areas. In the field, it is observed that the soils 
derived imder prairie conditions have darker intrinsic soil colors and higher organic 
contents. 

Comparison of the various film types for distinguishing between the tonal factors 
indicates that natural color film (C-P or C-P/C-N) has the advantage over the other 
types. This is demonstrated by comparing points 1 through 6 on the various film types. 
On C-P, the presence of natural color tones makes it possible to distinguish between 
glacial till soils developed imder forest cover (vicinity of point 1) from those developed 
under prairie cover (vicinity of point 2) as well as differences within each of these 
zones due to topographic position (points 3,4, and 5). The darker color prairie soils 
(point 2) can be distinguished because of overall darker tone commensurate with the 
darker color of the natural soils. Soil differences due to topographic position are 
evident by the darker color of the depressional soils due to hi^er organic content 
(point 3); the lighter color of the silty surface soils in the topographic high position 
^oint 5); and the orange-yellow color of the soils on the eroded slopes (point 4) where 
the silty clay subsoils are exposed. These differences, significant to soils mapping, 
are readily distinguished on C-P film. The presence of a slight greenish tinge in the 
area of point 6 indicates that the tonal differences are due to the presence of vegetation 
just starting to grow and not due to soil differences. 



B & W 

B - l 

C-P 

C - N 

C - P / C - N 

Plate 1. Comparison of various f i l m types ifAay 1966), 

Purdue Un ivers i ty provided funds fo r fhe printing o f this color plate. 
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The different tonal patterns noted are also apparent on C-I and C-N fUms. The 
unnatural or false colors present on these film types, however, make it difficult to cor­
relate the color differences observed with differences in soil composition. The pres­
ence of vegetation ^oint 6) is especially distinct on the C-I film due to the reddish 
tones. This feature is significant if information on vegetation is required. 

The analysis of B&W and B-I film types demonstrates the difficulties encountered 
in soils mapping with such film. In some cases, soils having different intrinsic soil 
colors appear in the same tone (e.g., points 4 and 5). In many cases, tonal differences 
are noted on these film types; one of the major problems encoimtered, however, is 
determining what factors are causing the tonal patterns. For example, are the darker 
tones in the vicinity of point 6 on B&W due to moisture, soil color, vegetation, or soil 
composition? This cannot always be evaluated on B&W alone and thus may require 
more field checking. 

Highly organic soils are evident on all positive film tjrpes by dark tones (above 
point 7). Points 8, 10, and 11 indicate other soil types and tonal relationships. Point 
8 is a high soil area in the prairie glacial till zone, point 10 is a gravel pit area with 
granular materials exposed, and point 11 is an area of glacial till deposits over other 
deposits. A feature to note in this group is that the granular materials ^oint 10) are 
light on all film types except the B-I where they have a mediiun tone. 
Comparison of Infrared Imagery and Aerial Photography 

Comparisons of infrared imagery and aerial B&W photography are shown in Figure 
1. Comparisons of daytime and nighttime imagery in the 8-14fX band are included in 
Figure 2. The visible photography included in Figure 1 was taken a month earlier than 
the infrared imagery. Therefore, some differences in tone may be due to changes in 
vegetation, moisture conditions, or farm practices durii^ the interim. The tonal rela­
tionships noted for most of the points selected, however, remained relatively unchanged. 

Comparing the 8-14^ band imagery and the visible photography in Figure 1, several 
tonal relationships are present that are of assistance in separating significant engi-
neerii^ soils and rock units. As noted on the visible photography, the glacial till soUs 
in high topographic position ^oint 5) have light tones because of their low organic con­
tent and predominance of well-drained silts. The glacial till depressional soils ^oint 
6) have dark tones because of high organic content, finer texture, and darker colored 
soils. These same areas show a reversal in tones respectively on the infrared im­
agery. This reversal in the infrared region is because the darker colored soils absorb 
more heat than the lighter colored soils, emit more energy in the infrared region, and 
thus have a l i f t er tone on the imagery. Another example of tonal reversal is shown 
by point 1, which is a depressional, dark-colored, fine-textured soil in the flood plains. 

Other factors can change the tonal relationships on the imagery. Examples where 
tonal reversals do not occur for dark, fine-textured soils are demonstrated by points 
3,7, and 10. Point 3 is a muck deposit and points 7 and 10 are soils located in low 
drainageways in glacial tills. For these soils, the tones are not light on the infrared 
imagery but medium to dark and for different reasons. The darker tones in areas 3 
and 10 are due to a h i ^ moisture content while that of point 7 is due to the presence 
of vegetation. Both of these factors cause a cooling effect on the surface soils, thus 
resulting in darker tones on the imagery. 

Similar variations are noted in light-colored soils. Not all light-colored soils on 
the photography are dark on the infrared imagery. Many are light or medium-light on 
the infrared (points 2, 4, 8, and parts of 9). Point 2 is sand, 4 is shale bedrock covered 
by thin alluvium, 8 is sandstone bedrock, and 9 is a field where sandstone is very shal­
low. These areas remain lighter on the infrared imagery for various reasons, such as 
differences in emmisivity, heat capacity, thermal conductivity, or surface-to-volume 
ratio. The factor causing the lighter tone cannot be evaluated by comparing the in­
frared imagery and visible photography alone. However, the overall effect and not the 
causative factor is important, and the various soil and rock units indicated can still be 
delineated. 



Daytime IR (June 2, J966j 

B&W phofograp/iy (May 2, I966j 

Figure 1. Comparison of visual photography and infrared imagery i n 8 - 1 4 f i band. 

Points 11, 12, and 13 were included to show that, in daytime infrared imagery, dif­
ferentiation is difficult between low vegetation, trees, and water. 

Analysis of imagery in other bands of the infrared region were made but are not 
illustrated. Comparison of imagery in the 4.5-5M band with the 8-14/i band indicated 
that most of the tonal constrasts seen on the 8-14(i band were evident but not as dis­
tinct on the 4.5-5/i band. This was anticipated, since the peak for the terrain tempera­
tures normally encountered is about lO î, and thus the maximum emitted energy would 
be recorded in the 8-14/1 band. 

Daytime imagery in several other bands in the middle infrared (1.5-5.6m) below the 
4.5-5. 5m band was investigated. The tonal patterns recorded in these bands were very 
similar in appearance to the photographic infrared region, since solar reflectance and 
not emitted radiation was sensed. Considering all infrared bands where soils were 
analyzed, the maximum information was obtained in the 8-14Mband. 

Many of the tonal relationships noted in Figure 1 are also present in Figure 2. 
Comparing the daytime infrared imagery in Figure 2 with the visible photography of 
the same area (Plate 1), it is noticed that the dark-colored depressional soils developed 
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D a y t i m e IR 
8-Un 

(June 2 , I 9 6 6 J 

N ight t ime IR 
8-14H 

(June I, 1 9 6 6 ) 

Figure 2. Comparison of dayt ime and night t ime infrared imagery. 
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HH Radar 
(Sept. 14. 1965) 

B&W Photography 
( S e p t . I, I 9 6 5 J 

HV Radar ' ' 
(Sept. 14, 1965} 

Figure 3. Comparison of visual photography and HH and HV radar imagery. 
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under forest cover (point 3) are lighter on the daytime imagery and the lighter colored 
high soil areas (point 4) are darker on the imagery. Similarly, depressional soils in 
the prairie region are light on the imagery (point 2) and high soil areas are dark (point 
8). Granular materials in the gravel pit area ^oint 10) are mediumtone on the imagery 
while they are light on the visible photography where exposed. Point 11 illustrates the 
difficulties that can be encountered when attempting to analyze photography and imagery 
taken at different times. On the imagery, a uniform l i^t tone is evident while on the 
photography, various tonal patterns are seen. This change is due to the plowing of the 
field between flights. The plowing action ê ôsed the darker colored subsoils, thus 
producing a lighter tone on the imagery. 

Comparison of the daytime and nighttime imagery indicates that certain features 
are more easily differentiated at night. During the day the tonal difference between 
low vegetation feoint 12), trees (point 13), and water (point 14) are indistinguishable 
on the imagery. At nighttime, the water appears the li^test, the trees are also light 
but not as light as the water, and the low vegetation remains dark. In fact, an indica­
tion of drainageways where water is not flowii^ can be interpreted from the nighttime 
imagery (point 15). In this case, the drainageway is dark instead of light. 

Differences between soil units (point 3 and point 4) are still evident on the nighttime 
imagery but not as clear. The depressional soil (point 3) is still the lighter. The 
granular areas (point 10)havebecomelighterandmoredistinctonthenighttimeimagery. 
Comparison of Radar Imagery and Aerial Photography 

Radar imagery is developed from an active sensing system, and therefore the fre­
quency utilized and the characteristics of the sensor system greatly influence the 
amount of useful information on soils obtained. All radar imagery obtained during 
this study utilized K-band frequencies. Consequently, the imagery indicated only the 
influence of surface conditions. 

Figure 3 shows an example of radar imagery illustrating horizontal transmission 
and receiving (HH polarization) as well as horizontal transmission and vertical receiv­
ing (HV polarization) covering the test sites. The examples shown are enlargements 
prepared from unclassified "degraded" imagery obtained on September 14, 1965, 
through thick cloud cover. Visual photography (B&W) of a portion of the site taken 
September 1, 1965, is included for comparison. Although the "degrading" and enlarg­
ing greatly reduced the resolution of the radar imagery, several major features can 
still be evaluated. 

Comparison of the radar imagery obtained by HH polarization with HV polarization 
demonstrates that, except for linear-oriented objects, the only difference noted between 
the two types is that the HV polarized imagery shows less tonal contrasts than the HH. 
This is due to the weaker signal return received for HV systems. The airport (point 4) 
and road (point 6) systems are less noticeable on HV imagery, while the railroad (jpoint 
7) is more noticeable on this type. Although the return from the buildings ^oint 5) is 
much brighter on the HH, the decrease in return makes the building shapes more distinct 
on the HV imagery. 

Major topographic breaks are evident on radar. Point 1 indicates the topographic 
break between the flood plain and terrace and point 2 the break between the terrace and 
ground moraine (valley wall). Attempts to distinguish different types of soils on the 
radar im^ery were not successful except as could be inferred from landform analysis. 
At K-band frequencies, all soils in the test areas are fine-textured in relation to the 
length of the radar waves and thus specular (mirror-like) reflection occurs such that 
the radar signal is reflected away from the radar antenna. Hence soils appear dark 
on the imagery and cannot be separated from other items that also produce specular 
reflection, such as water and roads. The dark tones representing various types of 
soils include areas of sand dimes ^oint 8), plowed sandy fields ^oint 9), sands and 
gravels in gravel pits (point 10), plowed silty loam surface soils on a granular terrace 
^oint 11), and plowed silty clay soils in glacial tills—both highs and depressions ^oint 
12). The lighter tones present on the imagery are due in part to the scatter and return 
of the signal by various types of vegetative cover. For example, the fields with corn 
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exhibit light tones (point 13); areas covered with trees also show light tones. Pastures 
and fields with low vegetation have darker tones ^oint 14). 

Special image tones to note on the figure are the light tones present around the 
gravel pit areas (point 10) and from the ridges in an old gravel pit ^oint 3). These 
returns are not due to texture of the material or presence of vegetation, but to geo­
metric relationships that reflect the signal back to the antenna (4). 

Another image of interest is the point marked "a" in the plowed field (point 11). 
This feature demonstrates how radar assists in the interpretation of B&W photography. 
On the B&W photograph, point "a" is evidenced as a dark tone that could be interpreted 
as either due to moisture or vegetation conditions. Because of its low topographic 
position (a dralnageway) and no apparent height on stereoscopic examination, one might 
conclude that the dark tone on the photograph is due to moisture. From a study of the 
radar imagery, however, the presence of a light tone indicates that there is vegetation 
in the channel. If the condition were due to moisture, the tone would be dark on the 
imagery, which is typical for water ^oint 15). This item caused no problem on the 
color photography obtained at the same time, which showed that a greenish color was 
present at point "a," indicating the presence of vegetation. 

Comparison of Multispectral Data 
In the previous discussions, comparisons were made between various types of films 

and infrared and radar imagery. For the examples illustrated, the various tjrpes com­
pared were not taken at the same time. This factor contributes to the difficulty in 
comparing the photography and imagery because of the changes that occur between 
procurement of these various types. The discussion in this section describes the in­
formation obtainable from a multispectral system where photography and imagery are 
simultaneously obtained in several spectral regions. 

Multispectral data were obtained with the University of Michigan multichannel sensor. 
This sensor simultaneously obtains to 18 channels of imagery ranging from the near 
ultraviolet to the far infrared. Unlike the other multisensor systems where images of 
different scales, resolution, and format were obtained, this system provided imagery 
in all bands at similar scale, resolution, and format. This permitted a better com­
parison of tonal relationships to be made between channels. 

To examine some of the tonal relationships existii^for various terrainfeatures, the 
reflectance of various items was measured in each band with a reflection densitometer. The 
density values obtained by the densitometer were converted to reflectance by the relationship 

Reflectance = ^ntilog J Density 

These values were then normalized for each band by determining the reflectance of the 
lightest object (RL) and the darkest objects (RD) in each band and using these as the 
100 percent and zero percent reflectance points, respectively. The normalized re­
flectance (RJJ) for each object was then determined by the following method: 

(Reflectance of Object - Rp) 
R = = 5 X 100 percent (2) 

Since both reflectance and emittance were being evaluated, the values plotted were 
referred to as normalized response. These normalized values were plotted in the 
respective region of the spectrum and the points connected to obtain a spectral response 
curve or signature for the various terrain features of interest. 

An aerial photographic mosaic showing the conditions existing at the time the mul­
tichannel imagery was obtained and the location and description of the various terrain 
features measured with the reflection densitometer are shown in Figure 4. Examples 
of the spectral response signatures obtained for the various target materials are shown 
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s a w MOSAIC ( M A Y 6, 1966) 

POINT S O I L OR R O C K UNIT 

1. THICK L O E S S / G L A C I A L T I L L 

2 . G L A C I A L T I L L 

3 . G L A C I A L T I L L 

4 . G L A C I A L T I L L 

5. S A N D S T O N E 

6 . G L A C I A L T I L L 

7. G L A C I A L T I L L / S A N D S T O N E 

8. G L A C I A L T I L L / S A N D S T O N E 

9 . G L A C I A L T I L L 

10. G L A C I A L T I L L 

I I. G L A C I A L T I L L 

12. G L A C I A L T I L L 

13. F L O O D P L A I N 

14. F L O O D P L A I N 

15. S A N D D U N E S 

C O N P n ION 

HIGH POSITION - B A R E 

HIGH P O S I T I O N - P L O W I N G IN P R O G R E S S 

HIGH P O S I T I O N - R E C E N T L Y P L O W E D 

HIGH P O S I T I O N - P L O W E D A F E W DAYS AGO 

S M A L L E X P O S U R E 

C O V E R E D WITH W I N T E R W H E A T 

P A S T U R E , S A N D S T O N E E X P O S E D IN P L A C E S 

P A S T U R E 
HIGH POSIT ION 

D E P R E S S I O N 

HIGH POSIT ION 

C O V E R E D WITH W I N T E R W H E A T 

P L O W I N G 'IN P R O G R E S S 

R E C E N T L Y P L O W E D 

B A R E IN P L A C E S 

Figure 4. Location of points measured on mult ichannel imagery* 

in Figure 5. These curves are divided into three groups. Figure 5a includes spectral 
response signatures for bare soils and rock units; Figure 5b includes spectral response 
signatures for bare soils whose tones vary from those in Figure 5a due to farming 
practices; and Figure 5c includes spectral response signatures for various vegetation 
conditions present in the area. The abscissa representing spectral bands is not plotted 
to scale. The wavelengths shown at the bottom are only intended to indicate the regions 
of the spectrum included in each of the spectral bands delineated. 

The five zones delineated in Figure 5—light (L), medium light (ML), medium (M), 
medium dark (MD), and dark (D)—represent the division of the quantitative normal 
response measurements into qualitative ratings. This facilitates comparisons between 
spectral response measurements and other forms of photography and imagery where 
comparative quantitative measurements are not possible. 

The spectral response curves in Figure 5a demonstrate the similarities and dif­
ferences present for sandstone (curve 5); glacial till soils of various topographic posi­
tions, including eroded slope (curve 9), depressional area (curve 10), and high topo­
graphic position (curve 11); and a glacial till soil overlain by 4 to 5 feet of loess (curve 
1). All of these units can be separated because of distinct differences in various por-
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tions of the spectral region. For example, curves 1, 5, and 11 are similar throughout 
the visible region, but curve 5 shows a darker tone than 1 and 11 in the photographic 
infrared region, while curve 11 shows a darker tone than curves 1 and 5 in the far-
infrared region. Curves 9 and 10 similarly have distinct differences to aid in separat­
ing them from each other and from the other units. 

The spectral response signatures for the soils and rock units confirm many of the 
tonal relationships previously noted in comparing various fUm and sensor types. For 
example, comparison of glacial till soils indicates that, in the visible region, the high 
soils are light and depression soils are generally medium to medium dark. In the far 
infrared, there is a tonal reversal and the depression soils are light and high soils 
dark. 
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Figure 5. Spectral response signatures for various features 
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The effect of farm practices on the tones obtained in the various bands is demon­
strated in Figure 5b. All of these curves represent soils recently plowed. Curve 4 
represents a field plowed a few days before the flight. Curves 3 and 14 represent 
fields plowed the morning of the flight (flight performed in the afternoon), and curves 
2 and 13 represent areas beii^ plowed during the flight or a very short time before. 
Soils represented by curves 2, 3, and 4 are glacial till soils predominantly in the high 
topographic position, and those represented by curves 13 and 14 are sandy soils of the 
flood plains. 

The effects of the plowing are to expose at the surface the wetter and darker colored 
subsoils. When the soil is first turned over, the moisture effect is the controlling 
factor, resulting in darker tones in all bands regardless of texture (e.g., curves 2 and 
13). As these soils dry out, the effect of moisture is decreased and the effect of soil 
color becomes preeminent (e.g., curves 3, 4, and 14). Curves 3 and 4 (drying 1/2 day 
and 2 days, respectively) are fairly similar and both resemble curve 9 in Figure 5a, 
the eroded glacial till soil, in which the subsoils are esqjosed. 

The curves in Figure 5c show the differences in spectral response signatures ob­
tained due to various vegetation conditions. Curves 6 and 12 represent fields of winter 
wheat, whereas curves 7 and 8 represent pasture fields. It is noted that pasture can 
generally be distinguished from winter wheat by low reflectance in the photographic 
IR region. All the curves indicate that the presence of vegetation results in dark or 
medium dark tones in all bands but the photographic IR Since the previous curves 
for soils indicate that soils have low response in the photographic IR, this is an excel­
lent band for distinguishing tonal effects due to vegetation from those due to soil con­
ditions. 

The difference in response between the pasture fields, curves 7 and 8, is that the 
field containing point 7 has bedrock close to the surface and its influence is indicated 
by the light streaks in the field (Fig. 4). This affects the overall tonal response, re­
sulting in slighUy lighter tones. The differences between the fields of winter wheat, 
curves 6 and 12, are a little more difficult to e^lain. These curves are fairly similar 
in all bands but the photographic I R In that band curve 6 is darker. From investiga­
tion of this phenomenon in the field, it was determined that field 6 was planted two 
weeks earlier than field 12. In addition, it was discovered that this field had been 
planted in corn the year before while field 12 had been planted with a low cover crop. 
It has been suggested by a botanist that the tonal patterns may be reflecting vegetation 
differences due to varying nitrogen levels in the soils. This could not be verified, but 
similar effects of previous planting history on variations in tonal patterns obtained for 
similar crops has been reported by Olson (5). 

One final feature can be noted in reviewing the spectral response curves in Figure 
5. Many of the curves for soils (but not all) show a dip in the yellow-orange bands. 
Thus tonal differences between some soils are increased in this band. This may ex­
plain why it is easier to delineate some soil boundaries on color photography when a 
red Wratten filter is inserted in the eyepiece. 

The examples illustrated by Figures 4 and 5 clearly demonstrate the influence of 
cultural factors (e.g., farming practices) on the density patterns obtained and the dif­
ficulty in attempting to arrive at diagnostic tonal patterns. Plowii^ the field or the 
sequence in planting crops affected the tonal patterns obtained. The examples further 
point out the need for field control during flights to determine the existing ground con­
ditions. These examples show, however, that multichannel imagery does provide a 
method whereby various factors can be distinguished even though they are not easily 
interpreted. The spectral response signatures obtained by density measurements 
combined with normalizing procedures demonstrateamethodfor evaluating the response 
of various terrain features in different regions of the spectrum from an airborne plat­
form. This should prove to be a good method for determining spectral bands of maxi­
mum contrast for the separation of features of interest. 
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ANALYSIS OF ELEMENTS OF FORM 
The elements of form are as important in the interpretation of soils and soil condi­

tions as those due to tone and texture, and sometimes more important To evaluate 
properly the elements of form, stereoscopic capabilities are necessary. Since stereo­
scopic coverage is not usually obtained when imagery is collected, this limits the use 
of imagery for interpreting elements of form. It does not eliminate these types, how­
ever, because general information on topography, drainage, and erosion are often evi­
dent on the imagery, either directly or indirectly. 

The main comparisons discussed are those for the delineation of drain^e patterns 
and the effect of scale of photography on interpretation of soils. This latter item 
affects the ability to distinguish features of topography and erosion. 

Delineation of Drainage Systems 
Drainage conditions were evaluated on the various film and imagery types obtained. 

For the actual drawing of the detailed drainage system (with proper position and ori­
entation) stereoscopic study was required. This eliminated the imagery as far as 
preparii^ the drainage maps, but not with respect to location of drainageways or drain­
age patterns. Figure 6 shows a comparison of drainage evident on B-I and B&W 
photography and daytime and nighttime IR imagery. It is evident from this figure 
that the creek with all its Intricate bends is more easily distinguished on the nighttime 
infrared imagery than on any of the other types. The details of the creek are least 
evident on the B&W photograph. Intermediate between these extremes and about equally 
distinct is the evidence of the creek on the daytime IR and B-I photograph. 

To evaluate the various film types for the purpose of drainage delineation, separate 
drainage maps were prepared for a selected site from B&W, C-P, and C-I film types; 
B-I was not analyzed as it was considered comparable to C-I for drainage delineation. 
Results indicated that C-P and C-I films provided the most drainage detail and the most 
confidence in separating perennial and intermittent streams. The detail mapped on 
B&W was about 90 percent of that on the other two types, the main difference being the 
confidence in determining the perennial or intermittent nature of the streams. It was 
noted that the date of the photography was more critical than the type of photography 
used. For all practical purposes, B&W is satisfactory for preparing the drainage map 
durii^ the period of the year (May in this case) when the leaves are not on the trees. 
At other times of the year when the leaves are out, B-I or C-I would be better because 
the black tones produced by water on these films are more easily distinguished through 
the tree foliage. 

Effects of Scale 
The influence of scale of photography on the interpretation of soils is a tenuous 

item. Since soils are not featiu-es that can be directly seen and interpreted on photog­
raphy, the use of a larger scale does not necessarily insure an increase in soils in­
formation interpreted. It is true that at a larger scale more microfeatures and details 
can be identified and analyzed, but contrariwise, a smaller field of view is obtained 
and more photographs have to be analyzed for the same area. Several different scales 
have been reported in the literature for soils mapping ranging from 1:50,000 down to 
1:5,000; however, no optimum scale has been reported. 

To investigate the effect of scale on soils mapping, two scales of photography were 
obtained in the 1965 flights and three scales in the May 1966 flight (Table 1). Evalua­
tion of the various types of films at these different scales with respect to soils mapping 
led to some very enlightening results. It was determined that the qptimvun scale for 
performii^ detailed soils mapping was not just a function of the scale of the photog­
raphy, but was also a function of the type of film used and the magnification capabili­
ties of the viewing system (other pertinent items being the same for all film types). 
For this project, the viewing system utilized—zoom stereoscope with range of magni­
fication from 2.5x to 20 x—was not a limiting factor because all the film types investi­
gated degraded or became uninterpretable before the maximum magnification potential 
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B-? ( M a y 1966) 

• I 

B&W 

IR Daytime (June 1966) IR Nighttime 

Figure 6 . Comparison of drainage patterns evident on photography and inf rared imagery. 



Rating Interpretation 
of Details^ Magnification'' 

Excellent 
Good 
Average 
Poor 

C-P, C-I 
C-P/C-N 
B&W, B- I 
B&W/C-N 

C-P, C-I, B&W(n) 
C-N, B-I(n) 
B&W, B- I 
B W/C-N, C-P/C-N 
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TABLE 2 Qf j j j g viewer was reached. Thus, in the 
QUALITATIVE RATINGS OF VARIOUS FILM TYPES final aualysis, the main feature other than 

scale was film type. 
A qualitative rating of the various film 

types, based on the amount of detail eval­
uated (function of magnification and con­
trast) is shown in Table 2. The ratings 
shown were based on comparisons of the 

°C\'Z ^irrr^; «;:'v« w various types with B&W photography used 
as the average. All films compared were 
approximately the same scale (1:10,000). 
Only positive films were considered in the 

first ratify. The second rating shown in this table indicates the relative suitability for 
image magnification of the various film positives and negatives compared with B&W 
photography (positive print). 

In comparing the film types it was observed that the greatest magnification possible 
was obtained in viewing the C-P and C-I transparencies. In addition, the various color 
tones on these types increased the contrast between various objects and their back­
ground, making it easier to delineate smaller objects. These characteristics made 
it possible to identify more details from these types than from the other film types 
studied. In fact, it was noted in an area where soils maps were prepared from the 
various film types that approximately equivalent details could be interpreted from 
small-scale color photography (1:24,000) and medium-scale B&W photography (1:10,000). 
Table 2 also shows that (a) greater magnification (good to excellent) was obtained on 
the negatives than on prints; (b) both B&W and C-P prints made from the color nega­
tives (C-N) could not be magnified as much as the other types; and (c) the least detail 
was obtained from the B&W print made from the color negative, while good detail was 
obtained from the color print made from the color negative because of the increased 
contrast the colors provided. 

SUMMARY AND CONCLUSIONS 
This paper reports on a study of the potential of available remote sensing systems 

for the evaluation of soils and soil conditions. To investigate the various sensors, 
nine aerial flights were obtained over three controlled test sites during the period May 
1965 to June 1966. Coverage was obtained with various aerial films, a multiband 
camera, radar sensors (K-band), infrared sensors (4.5-5.5u and 8-14M), and a multi­
channel sensor (near ultraviolet to far infrared). The various film and imagery types 
were evaluated individually and in combinations to determine which type or types pro­
vided the most information on the pattern elements of tone and form. Because soils 
are interpreted from an analysis of these pattern elements, the basic premise of the 
investigation was that the optimum system for soils moping would be one that had the 
greatest potential for evaluating the pattern elements. Results indicate the following: 

1. For the interpretation and detailed mapping of soils, natural color aerial photog­
raphy was the most useful single film type, because of the greater number of distin­
guishable color tones present on the color photc^raphy and the nattu-al color appearance 
of the soils and soil conditions. Important advantages noted for color photography in 
comparing the various film types are that (a) smaller details can be identified on color 
photography than on B&W at the same scale, and (b) special filters can be used in 
analyzing color films to increase the contrast between certain soils and facilitate soils 
mapping. 

2. The optimiun scale of photography for soils mapping is a function of film type, 
magnification capabilities of the stereoscope, and flight altitude. Medium-scale photog­
raphy (1:8,000-1:15,000) proved to be optimum for detailed soils mapping. The choice 
of the lower or higher range of the scale depends on the other two factors. 

3. Infrared imagery cannot be used as a primary source for engineering soils map­
ping because of its smaller scale, poor resolution, and lack of stereoscopic viewing 
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capabilities. Its primary value is that it provides supplementary information not ob­
tainable by any other means and provides convergii^ evidence that aids in the inter­
pretation of soils and soil conditions. The 8-14/i band is of greatest value for obtain­
ing information on soil conditions. The 4.5-5.5fi band is suitable, but tonal differences 
are not as distinct. 

4. K-band frequency radar was of little value for interpreting soils in the study 
area. Tonal patterns for e:q>osed soil areas were dark for all soil types at this fre­
quency except for the special case when the radar signal was normal to the surface of 
the soils. Radar was of some value for evaluating soil conditions (e.g., vegetation, 
land use) although small scale and poor resolution limited the value. The all-weather 
and 24-hour capability of radar (except under conditions of heavy rain or snow) is an 
advantage of this type over other types analyzed. 

5. The optimum system for performing detailed engineering soils mapping, con­
sidering the equipment presentiy available, is one that simultaneously obtains multi-
spectral imagery and aerial color photography. The development of normalized re­
sponse curves from multispectral data is a powerful tool for evaluating the various 
tonal factors and determinii^ which bands demonstrate the maximum contrast between 
soils of interest. When a multispectral sensor is not available, a valuable alternate 
system is one that simultaneously obtains color photography, infrared color photog­
raphy, and infrared imagery in the 8-14/i band. Detailed soils mapping of equivalent 
detail and accuracy as the optimum system can be obtained but more field control is 
required. 
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Progress in Remote Sensing and Its Application 
To Highway Engineering and Research 
DANA C. PARKER and VIRGINIA L . PRENTICE, Institute of Science and Technology, 

University of Michigan 

•CAN airborne remote sensors be used to provide information about surface conditions 
otherwise obtained through reconnaissance and route surveys, and information about 
the subsurface otherwise obtained by drilling, resistivity surveys, and refraction-
seismograph surveys? The desired knowledge of surfaces includes information about 
general topographic, geologic, pedologic, hydrologic, vegetative, and cultural relation­
ships; landforms and land use; geologic structure; rocks and soils and their geographic 
and genetic relationships; and drainage patterns and surface water conditions and their 
effect on the engineering problem. The relevant subsurface conditions that can only be in­
ferred from visual observation of surface relationships include the downward extent of 
the rock and soil materials exposed at the surface, groundwater distribution, and the 
engineering properties of the materials to suitable depths. 

If an aerial survey could economically furnish all of these surface and subsurface 
engineering data, it would be possible to prepare comprehensive engineering evalu­
ations at all stages of a project, from first considerations for routes through subse­
quent phases in its evolution to post-construction activities. Such comprehensive eval­
uations can be made if airborne sensor data can be used to: 

1. Determine land use along routes under consideration so that land values can be 
assigned, the effects of disrupting current land use can be assessed, and the cost of 
relocating existing facilities and bridging intercepted traffic routes can be calculated; 

2. Determine surface geometry along proposed routes for requirements of grade, 
cut and fill volume, and number of culverts, bridges, and timnels; 

3. Identify rocks and soils along the route and determine their relevant engineering 
properties in order to compute cost of excavating, determine quantity of suitable road-
building materials, and disclose natural impediments that will affect engineering costs 
(bearii^ strei^h of the subgrade materials, fault and fracture zones, slide zones, im-
usual groundwater conditions, impervious layers, etc.); 

4. Determine periodically the condition of the road surface and roadway to detect 
changes that might affect load-carrying capacity and useful life. 

Considerable skills have been developed for extracting at least some of these types 
of information from aerial photographs (1., 2, 3). The topographic, geologic, hydrolog­
ic, and soils maps used in highway engineering are prepared at least in part from 
aerial photographs. However, broad-band panchromatic aerial photographs have cer­
tain limitations. Inferences must be made about subsurface conditions, and reliability 
of such information depends on contextual relationships, the e:q)erience of the interpre­
ter, and his familiarity with the area surveyed. Thus, we continue to rely heavily on 
drill-core data and surface geophysical surveys. 

THE SENSORS AND WHAT THEY SENSE 
The electromagnetic spectrum (Fig. 1) suggests numerous possibilities for obtain­

ing the kinds of information needed. It extends through many decades of wavelength 
from radio waves through gamma radiation. The inventory of airborne sensors avail­
able for measuring in the various wavelength regions of the spectrum (Fig. 1) is quite 
impressive. 

The data collected by these sensors are displayed in various forms, but the sensors 
may be considered in two general categories: imaging and nonimaging. Imaging 
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Frequency (cycles/sec) 

Microwave x-rays S Medium & far Wavelength 

• Scintillation Scanners with Film in Cameras 
• counters, y-ray filtered photo- cameras with ir-
I spectrometers multipliers 'C'C'^^^ sensitive 

• image orthlconsvJ/>V^ fi lm, solid. 
[ & cameras with^^/VVV^ state detectors ^ 
• filtered ir „ "yyyy^. 1 " scanners & 

film > 2900 A ' radiometers 

Solid-state,^ Radar, passive Electromagnetic 
detectors V microwave re- pulse 
in scanners & ceivers m y techniques 
radiometers scanners & 

radiometers 

Electromagnetic Sensors 

Figure 1. The electromagnetic spectrum and sensors. 

sensors produce two-dimensional map-like representations of variations in the radi­
ation within the field of view of the sensor. Cameras, optical-electromechanical scan­
ners, passive-microwave scanners, and radar fall within this group. The data pro­
duced by these sensors are recorded (usually) on photographic film, either through di­
rect imagii^ (as with the camera) or through photographing the output of a cathode ray 
tube (CRT) or crater lamp (as with scanners and radar). The resultant film is the 
medium interpreted, and from it the relevant information is extracted. 

Nonimaging sensors produce essentially one-dimensional records of radiation re­
ceived from points along the flight path of an aircraft. Gamma-ray spectrometers, 
infrared and microwave radiometers, laser and microwave profilers, radio-frequency 
soundii^ devices, and induction devices fall within this group. The data produced by 
these sensors are usually recorded on chart paper. 

Imagii^ Sensors 
If we could exploit photography thoroughly, we could probably obtain most of the in­

formation we need. Photography is so versatile that it has been called the ubiquitous 
component of remote sensing. Cameras can record reflected radiation in the spectral 
region from approximately 300 to 1100 millimicrons, encompassing the near-ultraviolet, 
visible, and near-infrared portions of the electromagnetic spectrum. The camera re­
cords what we are accustomed to seeing, so photographs lend themselves quite readily 
to interpretation. The inherent geometry of photography allows us to measure images 
and determine areas and volumes of the objects they represent and their relationship 
to each other. The resolution of detail available in photographs makes it possible to 
identify and delimit ol^ects with high reliability. Further, the aerial view provides a 
permanent, comprehensive record of the total area of interest. Important engineering 
information that would be missed in ground observations may be observed in this over­
view. 

The science of photogrammetry has progressed to an advanced degree of refinement. 
Accurate horizontal and vertical measurements can be obtained from photographs with 
a minimum of grotmd control. The art of interpreting photographs to obtain other en­
gineering information has not progressed as far. The traditional panchromatic photo­
graph contains information that is not now exploited, and techniques involving different 
film and filter combinations make it possible to obtain even more information. Color, 
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black-and-white infrared, Ektacbrome (color) infrared, or selective spectra l f i l tering 
of panchromatic or infrared f i lm may provide important information not obtainable with 
ordinary panchromatic f i lm. 

A rather new concept, mult ispectral or spectrozonal imaging, involves recording a 
scene at more than one wavelength simultaneously to r e c o r d diagnostic information 
that i s not disclosed with broad-band panchromatic or color f i lm. Spectrozonal c a m ­
e r a s and special optical-electromechanical scanners have been developed to exploit the 
concept. Var ious aspects of the multiband approach to solving problems have been 
discussed in the l i terature (4-11). Multispectral techniques, new f i lm emulsions, i m ­
provements in f i lm speed, grain s ize , and optical quality of cameras provide a capa­
bility for recording, in numerous ways, minute details of the surfaces within the a r e a 
imder investigation. These advances can greatly increase our information potential 
i f we can couple them with significant advances in interpretation techniques. 

At wavelengths longer than about one micron, imaging directly on f i lm i s not p o s s i ­
ble. I m a g i i ^ at these wavelengths involves detecting emitted and/or reflected infrared 
or microwave radiation, transducing it to an e l ec tr i ca l signal, and using the e lec tr ica l 
signal to modulate the intensity of a C R T or cra ter - lamp light source. The modulated 
light i s used to expose f i lm and produce a photographic rendition of the imaged scene. 
It represents the relative or absolute levels of infrared or microwave radiation emitted 
and/or reflected from the imaged scene. [Pr inc ip les of in frared and microwave imag­
ing a r e discussed in other works (1^-18). ] 

The optical-electromechanical scanner evolved from a s e a r c h for ways to generate 
in frared imagery from an airborne platform (now also used with a p r i s m spectrometer 
as a mult ispectral scanner to generate imagery in the v is ible and near-ultraviolet 
spectral regions). F igure 2 shows an infrared scanner. It i s compact and light in 
weight, has low power requirements, and was designed specif ical ly for use in light a i r ­
craft . Operated as a thermal mapper (practically, within the spectral region between 
~3.5 u and 14 u), the scanner produces a r e c o r d of the relative levels of thermal power 
emitted by the surfaces scanned. F o r daytime operation, i f emitted thermal power i s 
the quantity to be recorded, it i s necessary to f i l ter out the strong reflected infrared 
component of so lar radiation that l i e s between the vis ible red and ~3 .5 u-

The spatial resolution achievable with infrared scanners i s much l e s s than with 
cameras , but the capability of detect i i^ s m a l l differences in radiation temperatures 
i s quite good (< 1 C ) . Differences in the apparent temperatures of objects a r i s e from 
many factors, inc ludi i^ density, thermal conductivity, heat capacity, surface rough­
ness, composition of the material , and the placement and orientation of the radiating 
surface. Changing the density, moisture content, or surface character i s t i c s of a m a ­
ter ia l may give r i s e to detectable differences in the apparent temperature. If these 
temperature differences can be related to factors relevant to engineering and repeated­
ly and rel iably identified through infrared imagery, we have a potentially useful tech­
nique. Infrared imagery has, for example, demonstrated a capability of indicating the 
presence of damming of groimdwater along fault l ines and anomalous moisture content 
associated with slide areas (19). F igure 3 shows an example of thermal imagery r e ­
vealing mater ia l boundaries not contrasted in panchromatic photography. It also shows 
the general nature of the thermal imagely format. 

Pass ive -microwave scanners are essentially scanning radiometers. The imagery 
records levels of microwave radiation emitted by the objects scanned. The quantity 
measured i s the microwave component of thermal radiation. It includes radiation 
originating below the surface in many materials . The amount and depth or origin de­
pends on the materials and the wavelengths recorded. * Thus, microwave temperature 
can more easily be related to a property of a materia l than surface temperature, be­
cause it i s not so perturbed by prevai l ing meteorology. The property that most d irect ­
ly influences the emiss ion of microwave radiation i s the die lectr ic constant. Materia ls 

•Depth of penetration S = l / V irffiy meter (MKS units), where f = frequency (Hz), u = permeability, 
and y = conductivity. 
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Roil Compensation 
b l e c t r o n i c s ana C o n t r o l u n i t 

Scan H e a d 

Bendix Thenmil Mapper 

SPECIFICATIONS 

Film Running Time—1 hour at max v/^i 
Liquid Nitrogen Hold Time—2 hours or more at 

average v/Vi 
Instantaneous Field-of-View Resolution)—3 mil l i -

radians 
Lateral Scan Angle—120 degrees 
Temperature Difference Sensitivity With indium 

Antimonide Detector Fi Itered to 3 to 5 J 
microns—0J C 

Total Available Spectral Coverage With Indium 
Antimonide Detector (Manual Setting of 
Choice of One of 4 Filters Available in 
Flight)—0.7 to 5.5 microns 

Maximum v/h (Aircraft Velocity in fps/Altitude 
in Feet)—0.275 radians/sec 

Standard Detector—indium antimonide 

Detector Cooling—liquid nitrogen 
Power Requirements (With Roll Compensation)—10a 

at 24-28 V DC 
Scan Head Weight-35 lb 
Weight of Control Box Electronics-22.5 lb 
Recording—70 mm tri-x film 
Film Capacity—100 feet 

MODIF ICATIONS AND ACCESSORIES AVAILABLE 

Roll Compensation—compensates for aircraft roll up 
to :t 6 degrees (extended range available) 

8 to 13 Micron Coverage by use of mercury doped 
germanium detector and closed cycle cryostat; 
400 cps power required 

Tape Recorded Output 
Real Time Display 
Internal Calibration Sources 

Figure 2. Bendix Thermal Mapper. (Materials courtesy of Bendix Aerospace Systems Division.) 

with high die lectr ic constant are good radiators in the microwave region, so imagery 
can be interpreted in terms of this property. F o r example, the large difference be­
tween the die lectr ic constants of ice and water at microwave frequencies gives r i s e to 
large differences in the apparent temperature of these two mater ia l s and consequently 
their image tones. Variat ions in the water and a i r content of materials cause v a r i ­
ations in their die lectr ic constants; consequently differences in so i l moisture and com­
pactness may be recorded by the microwave scanner. In fact, the scanner can be c a l ­
ibrated to provide indications of absolute moisture content in the upper so i l layer (20). 
Some interesting possibi l i t ies for applying this sensor can be postulated merely on the 
bas i s of i ts imique capabilities for discerning these variations. 

Because of the dearth of existing systems and specifications, ar t i c l e s relating to 
them are s carce . Meise ls (21) reveals that a system has been developed for the Coast 
Guard as an al l -weather iceberg reconnaissance device. Commimications with Space 
Genera l Corporation indicate that it has developed a system for meteorological appli­
cations for the National Aeronautics and Space Administration. Specifications for this 
system a r e given in F igure 4. 

Airborne mapping radar systems date back to World War H, when plan-position-
indicator (PPI) systems were developed for al l -weather navigation and bombing. In 
the 1950's the side-looking airborne radar ( S L A R ) systems came into being. These 
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Figure 3. Snow-covered ice-bound coastline visually indistinguishable (even in stereo) in the pan­
chromatic photography (upper) but well defined in the thermal imagery (lower). (Illustration courtesy 

of U. S. Army Terrestrial Sciences Center.) 

have demonstrated a capability of producing imagery that contains useful and quite de­
tailed information about the terra in and the materials that comprise it. Radar i s cal led 
an active sensor because it records the reflected component of a transmitted pulse 
of microwave radiation. The imagery i s a record of the relative strength of these s ig-

L I N E - S C A N N I N G M I C R O W A V E RADIOMETER 

SPECIFICATIONS 

Original Speps Breadboard Aircraft 

Sensitivity O.7OK 0.7°K I.40K 
AT 0.1°K 0.1°K 2.1'̂ K 

Scan Time 8 sec 8 sec 1 sec 
2 sec 

Scan ±50° ±50^ ±50° 

Beam Width 2.85° 2.85*̂  2.85° 

Data Acq. None None Real Time Map 
Sys. Paper Paper Nixie Readout 

Printout Printout Digital Tape Recording 
Dynamic Range lOO'̂ K to lOÔ K̂ to lOO^K to 

aoo^K 300OK 330OK 

Figure 4. Line-scanning microwave radiometerspecifications. (Courtesy of Space General Corporation.) 
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AN/APQ-56 RADAR SPECIFICATIONS 

Operating Frequency 
Beam Width 
Resolution 

Azimuth 
Range 

Power Requirement 

Weight 

Recording Forn.at 
Coverage 

35 4 Gc 

-100' 
-70' 

20 V DC 
+ 115 V AC @ 400 cycles 
-490 lb 
70 mm or 9 5" film 
~15 mi wide strip each 

side of aircraft 
or 5 mi wide strip 

10-15 mi out from 
each side of aircraft 

nals. The nature of the radar return I s 
related to the dimensions and composition 
of the il luminated object's surface and its 
orientation relative to the S L A R system. 
The wavelengths employed in S L A R are 
around 1 cm, so many surfaces that ap­
pear rough at shorter wavelengths appear 
smooth at S L A R wavelengths. F u r t h e r ­
more, at the low angles of Illumination 
employed in some S L A R systems, certain 
surfaces are nearly specular ref lectors , 
so that little if any signal i s returned. 

Orientation i s an important factor in 
determining the way that the rece ived 
S L A R signal w i l l be presented. The s u r ­
faces of interest can be il luminated from 
just about any conceivable angle merely 
by selection of flight path and altitude. 
T h i s in itself i s a salient feature for high­
lighting subtle features of p r e f e r r e d or ien­
tation. The low angle of S L A R i l lumina­

tion tends to emphasize s m a l l variations in surface re l ie f and may disclose those not 
observable in other imagery, such as gullies, low fault s carps , and joint patterns. T h e r e 
are also reports that t e r r a i n materials can be uniquely displayed through their rough­
ness character i s t i c s at S L A R wavelengths (22). The S L A R imagery possesses constant 
scale geometry, and Simons (23) has noted that chart accurac ies meeting standards 
governing c l a s s A maps at a scale of 1:250,000 can be achieved from it. These con­
siderations, plus those of wide-area continuous coverage and mapping capability inde­
pendent of time of day and weather, indicate that S L A R may be useful for purposes of 
highway engineering. 

Specifications for most S L A R systems are c lass i f ied . One, the mi l i tar i ly obsolete 
A N / A P Q - 5 6 , likened by Simons (23) to the pinhole-camera state of photographic de­
velopment, has been declassif ied. Specifications for it are given in F igure 5. The 
A N / A P Q - 9 7 , currently in use for projects such as the NASA E a r t h Resources A i r c r a f t 
Program, can be used for nonclassif ied purposes although some specifications remain 
c lass i f ied . 

Figure 5 . A N / A P Q - 5 6 radar specif ication. (Cour­
tesy of Robert Leighty, U .S . Army Terrestrial 

Sciences Center . ) 

Nonimaging Sensors 

Pass ive -microwave radiometers, radio-frequency soundi i^ devices, gamma-ray 
spectrometers, and electromagnetic induction devices are some of the nonimaging 
sensors currently under development that show promise for providing useful highway 
engineering information. They may be able to provide some of the information that i s 
at present, routinely obtained with s e i s m i c or res is t iv i ty surveys or by dri l l ing. They 
are not now routinely employed for highway engineering tasks although such applica­
tions are being investigated. 

A number of frequencies in the mi l l imeter-wave and microwave regions of the spec­
t r u m a r e being investigated to determine their usefulness in providing information 
about subsurface conditions in soi ls . In 1962-, V iv ian (24, 2b) d iscussed the use of 
microwave radiometer techniques in analyzing t erra in . He s tressed the fact that i n ­
ability to interpret the data rather than inadequate equipment i s the big problem stand­
ing in the way of widespread use in geophysical applications. In another discussion, 
Hodgin (26) treated the subject theoretically, concerning himself with its applicability 
to studies of layered so i l s and so i l moisture. Since 1965 a considerable amount of 
f ield testing has been done by Space Genera l Corporation with ground-based, pass ive -
microwave radiometers operating at selected frequencies between 13 and94 Hz (27, 28). 
Most of these tests have involved i n situ measurements of so i l and snow to determine 
the microwave character i s t i c s of these mater ia ls under various conditions of moisture 
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GEODOLITE 3A PRECISION 
ALTIMETER 

GEODOLITE 3A PRECISION ALTIMETER 

Specifications 
Transmlller Beam Width 

Analog Voltage Output 

Full Scale Range Steps 

Resolution and Accuracy 

Range 

Response Time 

Mounting 

Dimensions 
and Welglits 

Input Power 

Pric* 

L e s s t h a n 1 0 * r a d i a n s 

0 to • 1 0 . 0 0 v o l t s 

C h o i c e of 10 , 1 0 0 , 1 0 0 0 , 1 0 , 0 0 0 a n d 
1 0 0 , 0 0 0 f e e t 

B e l t e r t h a n 1 in 1 0 « | 

G r e a t e r t h a n 1 5 , 0 0 0 f e e t in fu l l s u n . 
G r e a t e r t h a n 2 5 . 0 0 0 f e e t at n i g h t , 

1, 2 . 5 , 10 , 2 0 , 5 0 , a n d 1 0 0 m i l l i s e c s . 

V i b r a t i o n - i s o l a t i n g v e r t i c a l m o u n t i n g 
f r a m e . 

T e l e s c o p e A s s e m b l y w i t h M o u n t : 
4 6 X 1 4 X 1 0 i n c h e s 

1 1 0 p o u n d s 

C o n t r o l U n i t : 
17 X 1 6 X 5V4 i n c h e s 
4 0 p o u n d s 

1 1 5 * 1 0 v o l t s . 5 0 to 4 0 0 h e r t z 

Geodollte 3A $79,000 
{ R e c o r d e r n o t i n c l u d e d ) 

P r i c e s and other d s t a are sub jec t to c h a n g e : consu l t S p e c t r a - P h y s i c s 
S a l e s Off ice for fur ther d e t a i l s . 

(b ) 

"NARROWS BEAM', 1° APR vs GEODOLITE LASER PROFILER 

Altitude 
5,000' 

'Ni 
v ,^ 1° 
- X . I 

Narrow' 
Radar 

Beam 

- T = » ^ ^ 8 
Altitude T 

_ 88' _ 
Diameter 

Apparent 
Ground 
Plane 

Diffractlon-Umlted 
Laser Beam 

0.35' Diameter 
True Plumb Point 

Probe ^ot Area - 6,100 sq ft Probe Spot Area - 0.1 sq ft 

( C ) 

Figure 6. Geodolite 3A precision altimeter (a), specifications (b), and comparison with radar altime­
ter (c). (Materials courtesy of SpectraPhysics.) 

content, layering, density, and surface roughness. One of the important findings of 
these tests i s that there i s a direct relationship between apparent temperature and soi l 
moisture at the wavelengths used. The equipment used in conducting these ground-
based tests can be adapted for airborne operations. 

Sounding possibi l i t ies using pulsed-radar techniques have been discussed by Cook 
(29) and were said to be potentially useful in such a r e a s as measuring the thickness of 
f r i s h - w a t e r ice, determining the depth of the permafrost layer or to the water table, 
locating caves in limestone country, and possibly finding shear zones. Monopulse 
radar techniques have been applied successful ly to measuring the thickness of lake ice 
and snow (30). They have not yet been successful ly applied to sounding sea ice or othei 
layered materials with complex die lectr ic constants that introduce attenuation, so it 
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remains to be seen whether monopulse radar can provide answers to sounding problems 
more generally related to highway engineering. 

The A r m y Engineer Waterways Experiment Station has initiated considerable r e ­
s e a r c h in the use of radar techniques for making t e r r a i n trafficabil ity investigations. 
A theoretical study, for example, indicated that monochrobiatic pulsed-radar systems 
operating in the very high frequency ( V H F ) band a r e not suitable for measuring sub­
surface so i l conditions, but that swept-frequency techniques might be (31). Laboratory 
testing has confirmed that monochromatic pulsed-radar sensors cannot disclose whether 
interfaces exist or how deep they are , but can provide information about the water con­
tent in deep homogeneous so i l s (32). These laboratory e ^ e r i m e n t s also corroborated 
the predictions that swept-frequency techniques can provide information about the depth 
to subsurface interfaces. 

In 1964, radio-frequency sounding devices operating in the V H F band (30 MHz and 
35 MHz) were used to sound through 4600 feet of ice on the Greenland icecap and pro­
duced a continuous record along the line of surface traverse (33). The equipment has 
been refined for airborne use by a team from the Scott Po lar R e s e a r c h Institute. In 
1967 this system was flown over the Antarctic icecap. Continuous profi l ing of the top 
and bottom surface of the i ce was achieved through ice up to 12,000 feet thick. 

G a m m a - r a y spectrometers are being investigated to determine their utility in so i l 
trafficabil ity studies (34). B a r r i n g e r (35) has stated that an airborne gamma-ray 
spectrometer has demonstrated the ability to provide c r i t e r i a for identifying bedrock 
even when bedrock i s covered with ground moraine. 

Another system that has demonstrated a capability of obtaining data about the sub­
surface from the a i r i s cal led I N P U T — a n acronym for induced pulse transient (35, 36, 
37). I N P U T was designed pr imar i ly as an airborne sensor for detecting conducting 
ore bodies. It also has demonstrated a capability for detecting gravel aquifers buried in 
glacial c lays . Fur ther development and employment of this system may turn up other 
uses potentially valuable in highway engineering. 

Final ly , l a s e r s show potential application to highway engineering. They w i l l find 
many uses in the areas of optical ranging and profil ing. One instrument, cal led an 
airborne l a s e r t e r r a i n prof i ler , has already been developed by Spectra P h y s i c s and 
Aero S e r v i c e s Corporation (38). Some of the specifications are given in Figure 6. 
Because the l a s e r light spot "illuminates such a s m a U area, it can give a much higher 
resolution of t e r r a i n profi le than the longer wavelength radar prof i l ers can, especial ly 
in rugged country. The s m a l l areas of illumination coupled with the high information 
rate of the equipment make it suitable for measuring surface roughness on the order 
of inches. 

A R E A I R B O R N E SENSORS E C O N O M I C A L ? 

Economica l employment of sensors must be considered. I s there a decided savings 
in time, money, or intangibles by using the various sensors , part icular ly the airborne 
ones ? At present we can only point to the case of a e r i a l photography because, to our 
knowledge, no f igures exist for the other sensors . A s an adjunct to preparing this 
paper we queried a number of state highway departments regarding savings that they 
rea l i zed by using remote sensing techniques, and the significant ways in which the 
sensors figured in a calculable or noncalculable saving. Our inquiries were very g r a ­
ciously acknowledged by the highway departments of Alabama, Idaho, Louis iana, Mich­
igan, Montana, New York , North Carol ina , Pennsylvania, Virg in ia , and Wisconsin, 
which represent a good c r o s s section of t erra in conditions and engineering problems. 
It i s interesting that savings estimated a s high as 75 percent were reported for cases 
where a e r i a l photographic surveys were used for developing plans for highway con­
struction. Savings estimated at 50 percent of the cost of a ground survey were reported 
for a e r i a l photographic surveys conducted in a r e a s of extremely rugged t e r r a i n or 
high cultural development; the savings became l e s s and finally became losses for s u r ­
veys in flat t e r r a i n with little cultural development. It i s significant that most of the 
reported savings involved the photogrammetric rather than the interpretive attributes 
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of a e r i a l photographs. Uses for which noncalculable savings were mentioned included ' 
mater ia ls investigations, studies of landslide areas , condemnation cases , land apprais ­
als , and pre l iminary surveys for design and preparation of construction plans. 

Results of the inquiry revea l two facts. F i r s t , when a e r i a l photographic surveys 
are used in highway engineering, savings result . That was the consensus. Some r e ­
spondents seem to have a better feeling for the dollar value than others, and some r e ­
ported more ways in which they could use a e r i a l photographs and save money than 
others did. The second fact i s that none reported using airborne sensors other than 
cameras . T h i s i l lustrates that there i s a lot of growth potential for the f ield of e l ec ­
tromagnetic sensing applied to highway r e s e a r c h and engineering, 

W H E R E DO W E G O ? 

The uses of a e r i a l photography in engineering applications are we l l documented and 
the economics of their employment are we l l established. New developments in photo­
graphic spectra l techniques and uses for color, Ektachrome infrared, and other spec ia l -
emulsion f i lms are exciting. The job of determining their utility in engineering appli­
cations i s challenging. 

Developments in the other sensor technologies also show great promise , especial ly 
those sensors that can provide information about the subsurface. Before we can r e a ­
l ize the ful l capability of the sensors , and part icular ly appropos the nonphotographic 
sensors , we must l earn much more about the in situ character i s t i c s of the mater ia ls 
of p r i m a r y interest so that we can confidently interpret the sensor data. 

E a c h r e s e a r c h problem or engineering application should be considered separately 
in light of existing sensor technology and our knowledge of the way that the object, the 
condition, or the phenomenon under consideration manifests i tself spatially and spec­
tral ly . It i s only through this approach that a systematic analys is of the applicability 
of the sensors w i l l evolve. Generalizations about capability a r e of l ittle value i n the 
solution of speci f ic problems. It i s essent ial that specif ic highway r e s e a r c h and engi­
neering problems be made known to those doing r e s e a r c h in sensor technology and 
bas ic spectra l phenomena so that progress can be made. 

I n the near future it should be possible to exploit economically the spec ia l problem-
solving potential of some of the sensors discussed in this paper. It may turn out that 
economics w i l l be the catalyst that acce lerates the use of remote sensors in highway 
r e s e a r c h and engineering. A s one of our reporting highway depai^ments pointed out, 
it i s becoming increasingly difficult to find people to per form ground surveys and the 
cost of ground methods i s steadily increasing. 
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Techniques for Utilizing 
Side-Looking Airborne Radar (SLAR) 
Imagery in Regional Highway Planning 
D A V I D J . B A R R , Department of C i v i l Engineering, University of Cincinnati , and 
R O B E R T D. M I L E S , School of C i v i l Engineering, Purdue University 

S L A R i s a self- i l luminating, imaging sensor capable of oper­
ating over a wide wavelength range in a side-scanning mode. 
Feas ibi l i ty studies have demonstrated the potential value of 
S L A R i n t e r r a i n analys is , geologic and planimetr ic mapping, 
vegetation classif icat ion, and a multitude of related earth s c i ­
ence discipl ines. T h i s paper presents a procedure in which 
S L A R imagery s tr ips or mosaics can be uti l ized as the p r i ­
m a r y presentation of t e r r a i n data for the regional planning of 
transportation systems. T h e S L A R image strip or mosaic can 
serve as a base map of existing major cultural features as 
we l l as a presentation from which regional c lass i f icat ions of 
engineering s o i l types, drainage, and topography can be made. 
Techniques for measuring and interpreting these factors from 
S L A R imagery a r e presented along with an evaluation of their 
rel iabi l i ty . Included are image texture and return analyses as 
we l l a s interpretation keys . Advantj^es and disadvantages of 
S L A R imagery are compared with the conventional photography 
and topographic maps currently used for regional highway 
planning. 

I a S L A R (side-looking airborne radar) i s a self- i l luminating, imaging sensor capable 
I of operat i i^ within a wide range of frequencies. Wavelengths in the radar band of the 
electromagnetic spectrum range from about one-half centimenter to s e v e r a l meters . 
The s ide - scan geometry of S L A R , i l lustrated in F igure 1, produces a s m a l l - s c a l e image 
s i m i l a r in appearance to a shaded re l i e f presentation of the t erra in . Contrasts in radar 
return (reflectivity) values are electronically processed to produce gray tones on f i lm 
that can be related to a number of land surface conditions. 

Although many studies have demonstrated the potential of S L A R for geologic and 
planimetric mapping, vegetative c lass i f icat ion, and related earth science discipl ines, 

[ few studies have been conducted util izing S L A R imagery as a c i v i l engineering tool. 
Moreover, very few reports exist in which a systematic approach toward the interpre­
tation of S L A R has been the p r i m a r y objective. 

T h i s paper presents an approach to the interpretation of regional engineering so i l 
groups from S L A R imagery. S L A R imagery s tr ips or mosaics are uti l ized as the p r i ­
mary presentation of t e r r a i n data for regional transportation sys tem studies and r e ­
gional mapping of engineering so i l groups. An engineering so i l group i s defined for 
this purpose as an assemblage of s i m i l a r so i l types or parent materia ls , which consti­
tute a unique landform and express a recognizable pattern on the radar image. 

T h i s paper represents only the opinions of the authors and does not ref lect the of­
f i c i a l approval of the U. S. A r m y E n g i n e e r i i ^ Topographic Laborator ies , sponsor of 
this re search , or of Purdue University. 
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C O N C E P T 

It i s proposed that S L A R imagery affords the mater ia ls and transportation engineer i 
a useful display of t e r r a i n data on which pre l iminary route locations and regional m a ­
ter ia l boundaries can readily be delineated. Because of i ts imaging geometry and 
manner of recording reflected electromagnetic energy, the S L A R image can serve as 
the base map of existing cultural features as wel l as natural t e r r a i n information. 

S L A R i s indeed unique and useful for regional planning and engineering mater ia ls 
mapping. The following character i s t ics are exploited in the utilization of S L A R imag­
ery for c i v i l engineering purposes: 

1. The S L A R system i s operational in virtual ly a l l kinds of weather day or night. 
Imagery can be obtained from those portions of the earth that are perennially cloud 
covered. 

2. S L A R imagery i s generally produced at a relatively s m a l l scale . Typ ica l s ca le s 
range from 1:100,000 to 1:400,000 and afford a synoptic display of t e r r a i n data. 

3. Rel ie f of imaged t e r r a i n can be estimated in a relat ive sense from a S L A R 
image. The image geometry produces a.display s i m i l a r in appearance to a shaded 
re l ie f topographic map. 

4. Many objects that tend to be good ref lectors of electromagnetic energy (including 
most cul tural features) are emphasized on S L A R imagery. Objects or c lusters of ob­
jects that would normally be lost on conventional s m a l l - s c a l e mosaics of a e r i a l pho-
t o g r ^ h y appear a s high returns (bright spots) on S L A R imagery. 

5. Although highly ref lect ive surfaces such as buildings a r e emphasized on S L A R 
imagery, S L A R character is t ica l ly tends to average returns from natural terra in , thus 
producing an image that i s not confused by infinite detail. Thus , in comparison with a 
photographic mosaic at the same scale , the radar imagery s tr ip w i l l present a r e l a ­
tively unconfused display of regional t e r r a i n patterns and landforms. 

6. The relatively s m a l l - s c a l e S L A R image possesses character i s t ic regional pat­
terns that can be analyzed by inference techniques for the interpretation of regional 
engineering so i l types. 
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I M A G E R Y 

Much of the S L A R imagery used for development of the interpretation approach has 
been from K-band radar (0.83-2.75 cm). A variety of S L A R imagery s tr ips represen­
tative of many geographic regions has been analyzed. T h i s imagery, originally ob­
tained by the National Aeronautics and Space Administration in cooperation with the 

TABLE 1 
RADAR IMAGE CHARACTERISTICS OF CULTURAL FEATURES 

Cultural Feature 
Return 

General Radar Image Characteristics 

Pattern 

Urban area 

Suburban area 

Highways—unproved 
Highways—unimproved 

Railroad 
Power transmission Imes 
Bridge structures 
Airport 

Runways 
Structures 

Industrial area 
Agricultural area 

Very high 

Medium to high 

Very low 
Very low 

Very high 
Very high 
Very high 

Very low 
High to very high 
Very high 
Variable—high to low 

Lmear and rectangular grid patterns produced by intersecting 
streets, clusters of high return spots from buildings 

Linear and rectangular grid produced by intersecting streets, 
few high return clusters but dependent upon density 

Linear traces, generally smooth curves 
Linear traces, possibly sharp curves and poor alignment, 

similar to adjacent terrain 
Lmear traces, very gentle curves 
Beaded pattern resulting from mdividual towers 
Usually mdividual high return spot or short lmear trace 

Lmear traces, X-pattem 
Clusters of returns 
Clusters of high returns m localized area 
Rectangular blocks with uniform return, variation in return 

from block to block 

TABLE 2 
DATA GUIDE FOR RADAR IMAGE ANALYSIS 

Evaluate Relative Radar Returns 
1 Overall return values 
2 Special areas of high or low returns 
3 Regional uniformity or variability of return 
4 Extent and shape of radar shadow (no return) areas 

Evaluate Image Texture and Local Pattern 
1 Extent of smooth, rough, granular, etc , regional and local image textures 
2 Effect of surface dramage and topography on regional and local image texture 

Effect of surface dramage and topography on regional and local patterns 
Effect of vegetation on regional and local image texture 

Delmeate Surface Dramage System 
1 Evaluation of dramage patterns. e , geomorphic types (dendritic, parallel, etc ] 
2 Areas showing evidence of lack of drainage or mtense drainage 
3 Estimation of drainage density 

Analyze Topography 
1 Degree of dissection 
2 Estimate of relief based on size and shape of shadow as well as dramage density 
3 Relation of topography to vegetation and culture 
4 Effect of topography on radar return 

Infer Vegetation, Culture, and Land Use 
1 Types of crops and field patterns, 
2 Percent vegetation types 
3 Location and extent of cities and surface transportation systems 

Interpret Landforms 
1 Landform types—genetic and morphological 
2 Local association with other elements 

Infer Parent Materi^ 

1 e , rectangular fields, contour farming, strip farming 

Consolidated material 
Unconsolidated material 



52 

FLIGHT LINE DIRECTION 

0 1 2 3 4 5 
MILES 

INTERPRETATION E X A M P l f 

Area Regional Drainage Regional Topography Lond Use Special Conditions 
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Engineering Soil Type 

A Oxbows meander scars prevolent Relatively f l a t ; curvilineor patterns 
indicative of low ridge ood swol« 

Limited; predominantly forest 
; wi th some grossy areos 

Borro' 

ie< 

w pit for levee adjocent area; 
•>ol controsts indicative of se-
cl ive growth of vegetation. 

Flood olain, ridge and swale type; 
unconsolidoted, f ine-grained 

B No evidence of surface drainage Flat Retongular f i e l d patterns, 
some trees along fencerows 

Area protected by levee, fields 
t affected by topography. 

Flood plain; unconsolidoted, 
f ine-groined ol luvium 

C Der>dritic with pinnate t r ibu­
taries, high density of 
streams 

Moderate rel ief , highly dissected Limited o c f i v i t y , predomi­
nantly forested 

Steep 
thi 

valley walls ir>dicoted by 
in shadows and light tones. 

Dissected loess surface; uncon­
solidated, fine-grained eolion 
moteriol 

D None Some as C Light tonol elements and 
gridded pattern ind ica ­
tive of urbon oreo 

Figure 2. SLAR image of Lower Mississippi Valley. 

U. S. Army E l e c t r o n i c s Command, was acquired from the U . S. A r m y Engineering T o ­
pographic Laborator ies for use on a r e s e a r c h project under contract with Purdue R e ­
s e a r c h Foundation. 

Although imagery from one system constituted the pr imary source of information 
for this paper, a comparative analys is has indicated that imagery from other radar 
systems is not significantly different in character for regional soi ls interpretation. 
Thus, the soi ls interpretation procedure i s judged to be applicable to the use of imag­
ery from severa l S L A R systems. 

I N T E R P R E T A T I O N 

Cultural Detail 

The correct identification of cultural detail that may influence location decisions on 
S L A R imagery i s affected p r i m a r i l y by an interpreter's ability to recognize typical r e ­
turns. Although not a l l individual objects (houses, etc.) w i l l be identifiable on the i m ­
agery, a l l urban areas and concentrations of cultural objects are interpretable. Table 
1 l i s ts some of the cultural features pertinent to route location studies along with their 
radar image character i s t ics . 

The mapping of cultural features i s based on the identification of radar returns from 
objects and i s somewhat less involved than the interpretation of regional soi ls . Point 
return spots are the major clues. 
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It must be s tressed again that a l l cultural features are not interpretable from the 
S L A R image. Some of the cultural information needed for determining pre l iminary 
route locations i s not directly available f rom the S L A R imagery. However, the imag­
ery can form an excellent base map, if corrected for geometric distortion, upon which 
col lateral data can be displayed. It i s important that major features are recorded on 
the imagery, for in some cases these a r e the f i r s t i tems of interest. 

Regional Engineering Soils (Parent Mater ia ls ) 

The interpretation of regional engineering so i l groups i s accomplished by analyzing 
radar imagery in a systematic manner. The technique i s based on the correlat ion of 
radar patterns of t e r r a i n from which engineering soi l s information i s inferred. B a s i ­
cal ly, the only information to be gained directly f rom the radar image includes return 
value (brightness of each resolution element on the image) and the spatial arrangement 
of resolution elements. In other words, the image tones and image textures are the 
only data directly obtainable f rom the radar . F r o m this, however, one can interpret 
rel ief , drainage, and landforms as we l l as infer general vegetative cover, engineering 
so i l groups, and general phys ical condition of the land surface. The more one can r e ­
late "ground truth" data to the radar image, however, the more accurate w i l l be the i n ­
ference of engineering information. 

The radar interpretation technique presented, being patterned after conventional 
photo-interpretation techniques, requires a step-by-step evaltiation of radar returns 
and radar image textures a s we l l as a systematic analys is of the loca l and regional 
patterns formed by the radar returns. In pract ice , the technique i s most efficient 
when gross features and patterns are evaluated f i r s t , followed by the delineation of 
areas of apparent homogeneity on the S L A R imagery. Once these boundaries have been 
established on the bas i s of regional radar patterns, a c loser look at radar returns and 
textures helps in the Inference of engineering so i l group and land surface condition. 

Table 2 outlines a bas ic data guide used for organizing a process of information 
extraction from S L A R imagery. A s the topics in the data guide are evaluated, an i n ­
terpreter can delineate those areas on the imagery that appear to exhibit uniform radar 
character i s t i c s . A s previously mentioned, relative radar return and textures are the 
bas ic radar data presented in the photographic format, whereas drainage system, to­
pography, vegetation, culture, land use, landform associations, and regional parent m a ­
ter ia l s are in ferred from the bas ic radar information. A l l of the elements that com­
bine to form a radar pattern are interrelated. However, the arb i trary subdivisions in 
the data guide tend to force the organization of radar interpretation information into 
an efficient format. 

The elements of t e r r a i n that include topography, drainage, and landforms can be i n ­
ferred from S L A R imagery. It requires only a little instruction in bas ic radar imaging 
principles to recognize and evaluate these elements. The evaluation of local t e r r a i n 
surface roughness and land surface condition by means of relat ive image tones and 
textures, however, i s unique to the radar system. A part ia l l i s t of the radar c h a r a c ­
t er i s t i c s of these t e r r a i n elements i s given in Table 3. 

T h e effects of the various t e r r a i n elements on radar reflection and the resulting 
radar image are interrelated, with topographic effects being dominant. The unique 
effect of one part icular element cannot always be ascertained. Thus, the interpreta­
tion of engineering soi l s from the image requires considerable judgment based on the 
best evidence available on the imagery and from col lateral information. 

Examples of Engineering Soi ls Interpretation 

S L A R imagery of Mis s i s s ipp i Val ley and Pennsylvania study s ites has been selected 
to i l lustrate the interpretation technique. Figure 2 i s an unretouched S L A R positive i m ­
age of a portion of the L o w e r Mis s i s s ipp i Val ley . T h e image was evaluated with r e ­
spect to the i tems shown in Tables 2 and 3. The annotation of F igure 2 summar izes 
the analys is of regional drainage, regional topography, land use, and special conditions, 
and presents an interpreted landform and inferred engineering s o i l type for each delin­
eated area . 
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Engineering Soil Type 
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linearity 
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tant bedrock 
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Agricultural activity, 
(imited riporian vegeta-

Many cultural Features scattered 
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Sedimentary volley, non-resistant 
sedimentary rock 
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larly shoped 
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sedimentary rock 

F Drainage part of dendritic pat­
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igneous instrusive rock 
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Figure 3. SLAR image of Pennsylvania site. 

With respect to regional t erra in analysis , it can be seen in F igure 2 tnat the high-
re l ie f a r e a s a r e represented on the image as containing a high density of drainage and 
radar shadow produced by topography. T h e determination of high-rel ief areas along 
with the ability to define and locate major cultural features allows pre l iminary region­
a l transportation corr idors to be established on image overlays . These corr idors can 
be selected on the bas i s of regional topographic and cultural influences, thus el iminat­
ing the need for detailed examination of the entire region in question. Conventional 
photo-interpretation techniques can be uti l ized in establishing possible highway routes 
within the previously defined corr idors . 

A S L A R image of an a r e a in Pennsylvania i s i l lustrated i n F igure 3. It i s in ferred 
that each of the delineated areas of the image contains s i m i l a r parent mater ia ls and 
regional engineering so i l types. T h e annotation s u m m a r i z e s the evaluation of factors 
used in the deductive process . 



Figure 4. Index photo mosaic of Pennsylvania site. 

TABLE 3 
TERRAIN FACTORS AND REPRESENTATIVE TONAL RANGES 

(Factors are not mutually exclusive) 

Factor ReHection Characteristic Tonal Range 

Topographic 
Flat surface 
Sloping surface facing antenna 
Sloping surface facing away from 

antenna 
High relief 

Geologic 
Rough surfaces (> 1 wavelength) 
Smooth surfaces (< 1 wavelength) 

Natural corner reflectors pro­
duced in bedrock by weather­
ing 

Vegetation 
Trees 
Woods and forests 
Brush 

Natural grass 

Broad-leaf crops with naturally 
high moisture content 

Small-leaf crops 

Specular reflection if surface is smooth; no return 
Relatively high return due to orientation effects 
Relatively low return due to orientation effects 

No return from shadow areas 

Diffuse reflection; medium to high returns 
Specular reflection if surface is flat; no return; re­

flection influenced by topographic effects 

Maximum reflection; high return 

Diffuse reflection 
High returns 
Higher returns with increasing density of occur­

rence 

Diffuse reflections; medium to low returns; dry 
sparse vegetation produces less scatter than 
lush moisture-rich vegetation 

Diffuse reflection; high returns 

Diffuse reflection; medium returns 

Dark tones 
Medium to light tones 
Medium to dark tones 

Dark tone 

Medium to light tones 
Dark tones; lighter tones 

produced by orienta­
tion effects 

Very light tones 

Light tones 

Light tones in humid to 
subhumid areas; me­
dium to dark tones in 
arid environment 

Medium tones in humid to 
subhumid areas; dark 
tones in arid environ­
ment 

Light tones 

Medium tones 
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The value of this image for preliminary regional transportation corridor evaluation 
can be seen when comparing it with the photo index of the same area illustrated in 
Figure 4. Although the resolution of the SLAB image is poorer, land-water contacts 
and topography are accentuated on the monoscopic imagery. In addition, major cultural 
features stand out in contrast to the natural terrain. 

SUMMARY 
SLAR imagery, because of its relatively low resolution, is useful for presenting a 

synoptic display of terrain information. It can be utilized for maximum benefit when 
used in concert with aerial photography. 

A systematic procedure for SLAR image interpretation can be used to advantage in 
regional terrain and engineering soils studies, which in turn can aid in highway planning 
of regional scope. The technique provides the potential for the preliminary selection 
of routes as well as the mapping of construction material sources. 
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rp HE NATIONAL ACADEMY OF SCIENCES is a private, honorary organization 
of more than 700 scientists and engineers elected on the basis of outstand­
ing contributions to knowledge. Established by a Congressional Act of 

Incorporation signed by Abraham Lincoln on March 3, 1863, and supported by 
private and public funds, the Academy works to further science and its use 
for the general welfare by bringing together the most qualified individuals to 
deal with scientific and technological problems of broad significance. 

Under the terms of its Congressional charter, the Academy is also called upon 
to act as an official—yet independent—adviser to the Federal Government in any 
matter of science and technology. This provision accounts for the close ties that 
have always existed between the Academy and the Government, although the 
Academy is not a governmental agency and its activities are not limited to those 
on behalf of the Government. 

The NATIONAL ACADEMY OF ENGINEERING was established on December 5, 
1964. On that date the Council of the National Academy of Sciences, under the 
authority of its Act of Incorporation, adopted Articles of Organization bringing 
the National Academy of Engineering into being, independent and autonomous 
in its organization and the election of its members, and closely coordinated with 
the National Academy of Sciences in its advisory activities. The two Academies 
join in the furtherance of science and engineering and share the responsibility 
of advising the Federal Government, upon request, on any subject of science 
or technology. 

The NATIONAL RESEARCH COUNCIL was organized as an agency of the National 
Academy of Sciences in 1916, at the request of President Wilson, to enable the 
broad community of U.S. scientists and engineers to associate their efforts with 
the limited membership of the Academy in service to science and the nation. Its 
members, who receive their appointments f rom the President of the National 
Academy of Sciences, are drawn f rom academic, industrial and government 
organizations throughout the country. The National Research Council serves 
both Academies in the discharge of their responsibilities. 

Supported by private and public contributions, grants, and contracts, and 
voluntary contributions of time and effort by several thousand of the nation's 
leading scientists and engineers, the Academies and their Research Council thus 
work to serve the national interest, to foster the sound development of science 
and engineering, and to promote their effective application for the benefit of 
society. 

The DIVISION OF ENGINEERING is one of the eight major Divisions into which 
the National Research Council is organized for the conduct of its work. Its 
membership includes representatives of the nation's leading technical societies as 
well as a number of members-at-large. Its Chairman is appointed by the Council 
of the Academy of Sciences upon nomination by the Council of the Academy of 
Engineering. 

The HIGHWAY RESEARCH BOARD, an agency of the Division of Engineering, 
was established November 1 1 , 1920, as a cooperative organization of the highway 
technologists of America operating under the auspices of the National Research 
Council and with the support of the several highway departments, the Bureau of 
Public Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the Board are to encourage research 
and to provide a national clearinghouse and correlation service for research 
activities and information on highway administration and technology. 
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