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Automatic Interpretation
of Terrain Features
The use of multichannel imagery offers the greatest potential.

Il\TIWDUCTlO:,\

T HE identification of terrain features is
based on the interpretation of the ele

ments of topography, drainage, erosion, tone,
\'egetation and culture. The terrain features
of interest might include the identification of
the basic land forms, or features within a land

features have increased. The speed with which
multiple film types, multiband, and multisen
sor data are acquired and the increase in the
amount of data to be analyzed are rapidly ex
ceeding the interpretation capabilities of pres
ent methods for analyzing and integrating the
infonllation content. As more and more re-

ABSTRACT: The identifiCiLtioll of terrain featltYes is based on Ihe interpretation
of the elemenls of form andlhe elements of lone and lexture..1feasurements of
Ihe elemenl of lone and lexture were performed with a densitometer adapted to
obtain continuous scans. Some of the factors int'estigated illetuded: (1) e.(Ject of
film types and filters; (2) seasonal e.O·ects; (3) aperture size; and (4) sCiLle. JJea
surements were also performed on multicluL1111el imagery (ultraviolet through
far infrared) and spectral response signatures were developed for t'arious target
materials. A technique was also developed for the preparation of isocltromal
maps (maps sllOwing uniform color zones) from densitometric scans 011 color
photography. E.f/orts to develop diagnostic patterns for various terrain features
from meetsuremellts on a single film t'ype were not succes~jul. . 1nalysis of the
spectral response curves developed from multichannel imagery -indicated that
th-is approach offered the greatest potential for delilleating terrain feetlures. The
technique developed for isochromnl mapping offers a method for automatically
mapping var-ious tOllal patterns present on color photography. This has imme
diate application for the identifiCiLtion of those terrain feat ares wliicll are directly
related to color tonal patterns.

form, such as soil composition, moisture con
ditions, and vegetative cover. The identifica
tion of these featu res in the past was based
largely on the qualitative evaluation of aerial
photography in conjunction with limited field
checking. With the availability of new sensors
(e.g., radar, infrared, multichannel, mul
tilens) the amount of information obtained
and the accuracy of interpretation of terrain

• Submitted under the title" Investigations into
Automatic Interpretation of Terrain Features."

searchers are im'estigating information col
lected by these forms of data gatheri ng sys
tems, it has become increasingly evident that
in order to handle this mass of data, there is a
need for developing some method for auto
matically analyzing the aerial photography
and imagery.

The tonal pattern is one of the major ele
ments in identifying many terrain features
and the initial efforts of the research project
reported here were directed toward quanti
tizing the element of tone. The research was
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performed as part of a project at Purdue Uni
versity on the e\'aluation of remote sensor
systems for identifying various terrain condi
tions. 1 Aerial photographic coverage for the
project included a total of nine aerial Right
missions Rown over three controlled test sites
during the period May 1965 to June 1966.
Coverage included: (1) various aerial films
natural color, color infrared, color negative,
black-and-white panchromatic, and black
and-white infrared; (2) a multiband camera
9 lens; (3) radar sensors-K-band; (4) infra
red sensors-4.5-5.5}.L and 8-14}.L bands; and
(5) a multichannel sensor-simultaneous cov
erage of ultraviolet through far infrared. Tot
all combinations were obtained in anyone
flight program; however, several combina
tions were obtained during each Right so that
sufficient comparisons could be made.

STUDY ApPROACH

Three main approaches were attempted in
investigating the possibilities of quantitizing
the element of tone and developing diagnostic
patterns for various terrain features. These in
cluded:

1. Performance of continuous densitometric
scans to determine whether typical tonal sig
natures existed for various terrain features;

2. Preparation of "isotonal" (regions of uniform
film densities) and "isochromal" (regions of
uniform color tone) maps to determine if
similar terrain features could be delineated
based on differences in their density patterns
or color pa tterns; and

3. Development of normalized spectral response
signatures from the multichannel imagery to
determine if particular regions of the spec
tru m were especial!y useful to differentia te
between various terra in fea tures.

EQUIPMEKT AND SCAKNING TECHNIQUES

Two densitometers were used in the study.
A reflection densitometer was used to obtain
density readings from prints and a transmis
sion densitometer was used to obtain density
readings from transparencies and negatives.
Both densitometers contained four filters: vi
sual, "ed, blue and green. The output from the
densitometers was connected to a chart re
corder that included an adjustable span, ad
justable zero and a six-speed chart selector.

Both of the densitometers used were point
measuri ng instrumen ts; therefore, a techniq ue
was developed to obtain continuous scans.
The technique consisted of: (1) mounting the
photograph in a predetermined position so
that a particular line was scanned; and (2)
manually pulling the density head across the
photograph in the case of the reRection densi
tometer, or pulling the film holder under the

densi ty head in the case of the transmISSIOn
densitometer, at a constant rate. The rate
used in most scans was one inch every ten sec
onds. The recorder chart speed was set at the
same speed as the scanning rate so that one
inch on the chart would equal one inch on the
photograph. A stop watch was used so that
the operator could continuously check his
progress.

Although these techniques were subject to
inaccuracies in determining the exact posi
tioning of an object, good results were ob
tained by these methods. Four different op
erators were trained in a relatively short tim~

and could obtain satisfactory resul ts. The
main problem was the difficulty in maintain
ing constant speed throughout the scan.
\\"here accuracy is desired, a device could be
constructed to give constant scanning rates or
an automatic scanning microdensitometer
could be used.

A variation of this technique was used when
it was desired to compare the amount of detail
obtained o\'er a given line at different scales
of photography, In this evaluation, the chart
speed and rate of scan were adj usted for each
scale of photography so that the final length
of the scan line was the same in each case.

RESULTS AND ANALYSIS OF DATA

CONTIt\UOUS DENSITO~fETRICSCANS

Continuous density scans were performed
over a variety of terrain features on individual
photographs and on uncontrolled mosaic
stri ps to determine whether typical reflection
densitometric patterns could be obtained. The
inRuence of various parameters on the tonal
patterns or on the density scans obtained were
investigated. The parameters investigated in
c1uded: (1) differences due to film types; (2)
differences due to type of filter utilized for
scanning; (3) season of the photography; (4)
aperture size of densitometer; and (5) scale of
photography.

A test strip, containing a variety of surface
conditions, was selected for evaluation of the
parameters. The test strip is shown in Figure
1. The dotted white bands indicate the lines
scanned on the various film types. The middle
band, scan 2, was used for detailed compari
sons. The reference points on scan 2 refer to
the features compared on the various scans.
These reference points were used in all com
parisons except for the comparison on the in
fluence of scale on the scan pattern. A differ
ent test strip was used for that analysis.

Comparisons in many cases had to be made
between scans obtained on the reRection den-



.\I·TOMATTC INTERPRETATIO:" OF TEHRA1N FEA'ITRES 155

68 'II

OCT 1965

- ~

- .. ----12

-

'"
I~ '" 0,8

"V

-
'Ii - 0,6

1-- -

- 0,4

( V lr I (\ , /- ~~1--H---+-tt-.~IHl-lJ-+

~--r-;--:-=t(-.J-J\I-H-!f-f-If+--+_I-~~~~-l

1-:-- -\f-.l--·~oOl-+-2-I~--+----+--

N

FIG. 1. Location of densitometer scan lines for study of parameter effects. Reference points: A, east
bank (shadows); B, river; C, west bank; D, house; E, field (plowed); F, field (vegetated); G, tree covered
knoll; H, fence line; f, small depression; J, forested slope.

sitometer and scans obtained on the transmis
sion densitometer. Some of the variation in
scans obtained were attributed to the aper
ture size, as the reAection densitometer is 4
mm., and the largest opening on the trans
mission densi tometer is 3 m m. Actual varia
tions due to the effects of the parameters evaJ-

uated, however, could be determined above
this ini tial di fference.

To simplify reference to the various film
types and prints discussed, the following sym
bols are used in lieu of the film name:
Black-and-white photography B&IV
Black-and-white infrared photography B-!
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(A) FILM TYPES (MAY, 19661

FJG. 2. Variations in densitometer scans due to fJim types and fJiters.

a. Variations Due to Film Types and Scan
ning Filters. The variations in the densito
meter scans obtained on various film types,
and for various densitometer filters on C-P/C
N film, are shown in Figure 2. The "ariations

Color transparencies (posi tives)
Color negative film
Color infrared transparencies (positive)
Color print made frolll color negative

COp
C-N
C-I
C-P/C-N

due to the various film types are shown in
Figure 2A and were all scanned with the visu
al filter (No. 106W). In evaluating these
scans, high densities indicate dark tones,
while low densities indicate light tones.

On film types B-1 and C-I, the river Band
east bank shadows A have high densities as
expected. On the other types, the shadow A
has a greater density than the river B. Area G,
a tree co\'ered knoll, appears light on B-1 and
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FIG. 3. Variations in densitometer scans dtle to
seasonal effects. Top - stimmel'; center - fall;
bottom - spring.

(refer to photograph in Figure 1). In spring
and summer, the sun angle is high and shad
ows are short and con tribu te Ii ttle to the tonal
pattern. In the fall, however, when the sun
angle is low, the shadows are long and a signi
ficant tonal change occurs, This is evident in
the extreme tonal changes in area J in the fall
scan,

The effect of time of day is indicated by
points A and C. In the morning when the sun
is in the east, the shadows on the east bank A
are longer. As the shadow area is larger, point
A has a greater density (fall and spring flight).
In the afternoon when the sun is toward the
west, the shadows on the west bank are longer
and point C has a greater density.

C-l due to the high reflectance of vegetation
in photographic infrared region. Area G ap
pears in moderate tones on the other film
types. Comparing fields E and F (both bare at
this time of year), it is observed that very lit
tle variation is noted on the B-1 whereas more
contrast is noted in these two fields on the oth
er types. This demonstrates an interesting
point which was similarly noted on visual
comparison of the various film types, that is,
the contrast between various soils are least
evident on B-1 film than on other film types.

It is seen, by comparing only a few items
that no two film types give the same density
pattern. Thus, the scan developed in an at
tempt to obtain diagnostic patterns in any
given area would vary depending on the type
of film used.

Comparing the scans obtained with differ
ent filters on the same film type (Figure 2B) it
is seen that the overall scan patterns are very
similar, but some differences are noted. In
fields E and F, the smallest con trast between
the soil conditions present (depicted by less
range in density) is obtained with the green
filter. The others are about the same. The blue
filter gi\'es an overall darker tone as e\'idenced
by the generally higher density. The greatest
contrast between the bare fields E and F and
the tree covered knoll G is obtained with the
red filter. These features demonstrate that the
use of difl'erent filters in the densitometer, on
a given film type, would give different density
patterns.

b, Variations Due to Seasonal E.!Tects. The
effect of seasonal \'ariations on the densitome
ter scans is shown in Figure 3, I t is eviden t
from this figure that quite different densi
tometer scans are obtained for the same area
at different times of the year. Since compari
sons are made on B-1, tones due to water,
shadows and vegetation are distinct. Actually
the variations noted are due to several differ
ent factors, These are: (1) differences due to
presence of crops in summer and fall relative
to bare soil in spring (fields E and F); (2) dif
ferences due to sun angle as demonstrated by
shadow effects (area J); and (3) differences
due to time of day, also as demonstrated by
shadow effects (areas A and C). In comparing
fields E and F during the three dates, signifi
cantly different patterns are seen in the fields
due to vegetation cover. Actually, on none of
these dates are the fields completely covered
with vegetation, but even the slight changes
cause differences in tonal patterns and densi
tometer scans.

The effect of the sun angle is best demon
strated by area J which is a tree covered area
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FIG. 4. Variations in densitometer scan due to aperture size.

c. Variations Due to A perture Size. The ef
fect of aperture size on densitometer scan pat
terns is demonstrated in Figure 4. These scans
were measured on a B-! negative. The scans
with circular aperture sizes of 3 mm., 2mm.,
and t mm. (Figure 4A) were obtained on the
transmission densitometer at an approximate
scanning rate of 0.1 inch/second, or one inch
on the scan is equivalent to one inch on the
photograph. The scans with circular effective
aperture (actual aperture/system magnifica
tion) sizes of 0.2 mm" 0.02 mm, and 0,001886
mm, (Figure 4B) were obtained on a micro
densitometer at a scanning rate of 4 mm/min
ute, or 1 inch on the scan is equivalent to ap
proximately 0.08 inch on the photograph. The
microdensitometer scans were performed by
the U. S. Army, Terrestrial Science Center in
New Hampshire. Because of this slow re
cording speed and correspondingly large
horizontal scale, only a portion of fields E and
F scan lines are included in Figure 4B.The
portion included is indicated by the dashed
vertical lines on the scans in Figure 4A. As
noted by the sequence of fields E and F, the
scans on the microdensi tometer (E to F) are
180 degrees opposite to those (F to E) on the
transmission densitometer. The break be
tween the fields is shown by a dash-dot line.

In analyzing these scans on the B-! nega
tive, it must be realized that the density-tonal
relationships are reverse to the previous ex
amples shown for positive prints. On the neg
ative, the light tonal patterns present on the
photographs are recorded in higher densities
and the darker patterns in lower densities.

Comparisons of the scans in Figure 4 dem
onstrate that the number of significant
changes in density obtained on a densitometer
scan is inversely proportional to the aperture
size. \Vith lal'ge size apertures, more area is
exposed to the scanning spot at one time; con,
sequently, an average of the light and dark
tones covered by the canning spot are re
corded, As the apertu re size is decreased, fi ner
and finer tonal patterns are measured and
more detail recorded. If the aperture size is
reduced still further, a point is reached where
the scans are recording the gran ulari ty of the
film and the information desired is lost in the
detail. These features are observed when com
paring the patterns for field E and F on the
six scans and the patterns for area J, the tree
covered slope, on the three densitometer
scans. Taking J first, it is noted that as the
aperture size decreases, the amount of detail
and degree of con trast observed increases. In
the 3 mm. scan, the value is an average of the
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FI(;. 5. \'ariations in densitometer scan due
to scale of photography.
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ditions. The maps were largely prepared by
contouring from point density readings taken
on a one-half inch grid system. Some attempts
were also made to prepare the ma ps fro m the
continuous scan data.

In order to determine the color tones pres
ent for isochromal mapping, a special tech
nique was de\'eloped in which a standard
color descri ption (iV! unsell color designation)
was determined from the four filter density
readings (visual, red, green, blue). Upward of
1500 different colors can be differentiated.
This technique is adequately described in the
literature. 2 •3

The maps produced by i 'otonal and iso
chromal methods were compared with the
original photographs by o\'erlying the maps
on the photographs. Both forms of maps pre
pared from the grid readings "'ere unsuitable
because insu fficien t grid poi n ts were obtai ned
to delineate significant tonal boundaries
adequately. Comparisons of the limited areas
mapped from the continuous scans indicated
I-hat there were zones on the isochromal map
( hat con tai ned color zones com parable to
those on the original photograph, some of the
zones delineating significant terrain bound
aries. This same condition was not noted on

ISOTONAL AND lSOCHRO\IAL IIAPPING

Limited attempts wel-e made to prepare
isotonal maps and isochromal maps in an
effort to delineate areas of similar terrain con-

tones due to the individual trees and their
shadows, while in the 1 mm. scan, these items
are individually scanned. In comparing the
six scans fOI- fields Ii and F, it is apparent that
the amount of detail and degree of contrast
obtained increases as the aperture size de
creases. For example, the range of density
shown in the designated band on the 3 mm.
scan is about 0.2 density units, while on the
0.001886 mm. scan it is about 0.8 density
units. The scan patterns for the smallest two
aperture sizes indicate that possibly the ef
fects of film granularity are being measured.

d. rnrialions Dlle 10 Scale of Pholography.
The analysis of the effect of scale of photogra
phy is somewhat similar to that of aperture
size. However, instead of varying the size of
the aperture in studying a photograph at a
gi\'en scale, the aperture was maintained con
stant and different scale photographs "'ere
scanned. To obtain the same final scale of the
scan pattern, the speed of the recorder and the
rate of scanning were adjusted for each pho
tograph or strip of photographs.

The scans indicated in Figure 5 "'ere per
formed on B&\\" photographic prints at the
scales shown. The area scanned in this ex
ample was different than that scanned in the
previous examples. By comparing t'he amount
of detail present in areas}{ (plowed field) and
L (gravel pi t), it is e\'iden t that as the scale
becomes larger, the amou n t of detail obtained
Increases.

e_ Summary. The previous examples ha\'e
shown the effects of just a few parameters on
densitometric scans to e\'aluate patterns on
aerial photographs. Numerous other para
meters such as film expOSUI-e, processing, and
printing affect the scan patterns. All of these
parameter are inAuencing the density values
obtained O\'er and abO\'e that due to the tonal
factors representing the terrain features of in
terest, e.g., tonal factors due to \'egetation,
cu Itu re, moistu re condi tions, in tri nsic soil col
or and com posi tion of ma terials.

Analysis of these \'arious density scans led
in this study to the conclusion that one would
not be able to develop diagnostic patterns for
\'arious ten-ain features from measurements
on a single film type taken at a given point in
time. In comparing the various scans, it \I"as
noted that there was more variability within
a given terrain feature due to the various
parameters, tha n between terra in featu res of
interest.
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the isotonal map because of the variety of
terrain features which had the same density.
The problems of reduction of data and in
accuracies of point location on the continuous
scans limited the full evaluation of the con
tin uous scan method.

The develop men t of isochmmal mapping
does offer a method for automatically map
ping various tonal patterns present on color
photography, many of the patterns repre
senting significant boundaries. This technique
was not fully developed in this project, but
softwear and hardware are available to ac
complish this task. Further work is presently
underway on this problem in the Office of
Research and Development of the Bureau of
Public Roads. In the development of this
technique it should be remembered that the
study is concerned with one type of film
taken at one period of time. The inRuence of
the various parameters discussed in the pre
vious sections are equally applicable to this
technique.

NORMALIZED SPECTRAL RESPONSE

SIGNATURES

The third method attempted, in efforts to
develop diagnostic patterns for \'arious ter
rain elements, was based on the use of the
University of Michigan multichannel sensor.

The multichannel sensor simultaneously ob
tained up to 18 channels of imagery ranging
from the near ultraviolet to the far infrared
regions. All the channels were at the same
scale, resolution and format.

To examine some of the tonal relationships
existing for various terrain features, the re
Rectance of various items were measured in
each band wi th the reRection densi tometer.
The density values obtained by the densitom
eter were converted to reRectance by the
relationship

Reflectance = (1)
antilog 1o Density

These \"alues were then normalized for each
band by determining the reRectance of the
lightest object R L and the darkest objects
RD in each band and using these as the one
h u nd red percen t and zero percen t reRectance
points respectively. The normalized reRect
ance Rn for each object was then determined
by the following method:

(Reflectance of Object - RD)
R" = --'----------'-------'-

RI , - RD (2

X 100 percent.

As both reRectance and emittance were
being evaluated, the values plotted were re
ferred to as normalized response. These

FIG. 6. Location of points measured on multichannel imagery. Black-and
white mosaic (May 6,1966).

Point No.

I
2
3
4
5
6
7
8
9

10
II
12
13
14
15

Soit or Rock Unit

Thick loess/glacial till
Glacial till
Glacial till
Glacial till
Sandstone
Glacial till
Glacial till/Sandstone
Glacial till/Sandstone
Glacial till
Glacial till
Glacial till
Glacial till
Flood plain
Flood plain
Sand dunes

Condition

High position-bare
1-1 igh position-plowing in progress
High position-recently plowed
High position-plowed a few days ago
Small exposure
Covered with winter wheat
Pasture, sandstone exposed in places
Pasture
High position
Depression
High position
Covered with winter wheat
Plowing in progress
Recently plowed
Bare in places
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FIG. 7. Spectral respollse sigllatures for various terraill features.

normalized values were plotted in the respec
tive 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 multi
channel imagery was obtained and the loca
tion and description of the various terrain
features measured with the reAection densi
tometer are shown in Figure 6. Examples of
the spectral response signatures obtained for
the various target materials are included in
Figure 7. These curves are divided into three
groups. Figure 7a includes spectral response
signatures for bare soils and rock units; Fig-

ure 7b includes spectral response signatures
for bare soils whose tones vary from those in
Figure 7a due to farming practices; and Fig
u re 7c incl udes spectral response signa tu res
for I'a rious I'egetation cond itions presen tin
the area. The abscissa representing spectral
bands is not plotted to scale. The wave
lengths shown at the bottom are only in
tended to indicate the regions of the spectrum
included in each of the spectral bands de
lineated.

The five bands delineated in Figure 7, L
light, ML medium light, M medium, MJ)
medium dark and D dark are qualitative
ratings. They were used to compare the rela
tive tones on the Illultichannel imagery to
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those on other forms of photography and
imagery where comparative measurements
were not possible.

The spectral response curves in Figure 7a
demonstrate the similarities and differences
present for sandstone (curve 5), glacial till
soils of various topographic positions (curve
9, eroded slope; curve 10, depressional area;
curve 11, high topographic position), 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
portions 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 infra
red region, whereas curve 11 shows a darker
tone than curves 1 and 5 in the far infrared
region. Curves 9 and 10 similarly have dis
tinct differences to aid in separating them
from each other and from the other uni ts.

The effect of farm practices on the tones
obtained in the various bands is demon
strated in Figure 7b. All of these curves repre
sent soils recently plowed. Curve 4 represents
a field plowed a few days before the flight.
Curves 3 and 14 represen t fields plowed the
morning of the flight (flight performed in the
afternoon) and curves 2 and 13 represen t
areas being plowed during the flight or a very
short time prior. Soils represented by curves
2, 3 and 4 are glacial till soils predominantly
in the high topographic position and those of
curves 13 and 14, sandy soils of the flood
plains.

The effects of the plowing are to expose at
the surface the wetter and darker colored sub
soils. \!\ihen the soil is first turned over, the
moisture effect is the controlling factor, re
sulting 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 de
c"eased and that of soil color becomes promi
nent (e.g., cun'es 3, 4 and 14). Note curves
3 and 4 (drying t day and 2 days, respectively)
are fairly similar and both resemble curve 9
(Figure 7a), the eroded glacial till soil, in
which similarly, the subsoils are exposed.
These examples demonstrate that in the mat
ter of only a few hours, drying of soils can
vastly change tonal patterns on imagery.

The last group of curves in Figure 7c show
the differences in spectral response signatures
obtained due to various vegetation condi
tions. Curves 6 and 12 represent fields of
winter wheat while curves 7 and 8 represent
pastu,'e fields. Tt is noted that pasture fields
can generally be distinguished from winter
wheat by lower reflectance in the photo-

graphic IR region. It is further noted that all
the curves in this figure indicate that the
presence of vegetation resul ts in dark or
medium dark tones in all bands but the pho
tographic I R. As the previous curves for soils
indicate that soils have low response in the
photographic TR, this is an excellent band for
distinguishing tonal effects due to vegetation
from those due to soils.

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 (see Figure 6). This
affects the overall tonal response resulting in
slightly lighter tones. The differences between
the fields of winter wheat, curves 6 and 12,
are a little more difficult to explain. These
curves are fairly similar in all bands but the
photographic IR. In that band curve 6 is
darker. From investigation of this phenomena
in the field, it was determi ned 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
whereas field 12 had been planted with a low
cover crop. I t has been suggested by a
botanist that the tonal patterns may be re
flecting vegetation differences due to varying
nitrogen levels in the soils. This could not be
verified, but similar effects of previous plant
ing history on variations in tonal patterns ob
tained for similar crops has been reported by
C. E. 0lson. 4

One final feature can be noted in reviewing
the spectral response curves in Figure 7.
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 confirms the feature pre
viously noted in Figure 2A, that the greatest
contrast between soils are obtained when
analyzing color photography using a red
filter (W,'atten 25). This filter limits the
range to approximately 0.60 to 0.70 microns
which covers this region of greater contrast.

The examples discussed in Figures 6 and 7
clearly demonstrate the influence of cultural
factors (e.g., farming practices) on the final
density patterns obtained and the added
difficulty in attempting to arrive at diagnostic
tonal patterns. Just the matter of plowing
the field or the sequence in planting crops
affected the tonal patterns obtained. It fur
ther points out the need for field control
during flights to determine the existing
ground conditions. However, these examples
show that multichannel imagery does provide
a method whereby these various factors can
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be distinguished. The spectral response sig
natures obtained by density measurements
combined with normalizing procedures dem
onstrate a "aluable method for evaluating
the response of various terrain features in
different regions of the spectrum from an
airborne platform. This should prove to be an
excellent method for determining spectral
bands of maximum contrast for the separa
tion of features of interest. The main problem
with the use of this system is that the amount
of imagery obtained for analysis by normal
interpretative methods becomes voluminous.
For example, using just five basic tonal pat
terns and 15 channels, there are 515

, or O\'er
thirty billion, possible tonal combinations.
This demonstrates the need to develop tech
niques to analyze this system automatically.
This approach is being investigated at The
Bureau of Public Roads and by other research
groups.5,6

The spectral response curves shown in
Figure 7 still represent the conditions existing
at one period of time. Thus, the influence of
some of the parameters previously discussed,
such as seasonal effects, aperture size and
scale, are equally applicable to this method.

CONCLUSIONS

This paper has discussed some investiga
tions into methods to interpret au tomatically,
various terrain features based on the analysis
of the "tonal" pattern element. Three ap
proaches were investigated. These included:
(1) analysis of continuous densitometric
scans; (2) preparation of isotonal and iso
chromal maps; and (3) development of
normalized spectral response signatures from
multi-channel imagery. To evaluate these
methods, a variety of fil m types and imagery
types, obtained from nine flight missions
spread over a 13-month period were analyzed.

Results of this study indicate the following:

• The preparation of isochromal or isotonal
maps from point readings on a grid basis is
not feasible. It is necessary to use continuous
densitometric scans in order to be able to
distinguish the signifIcant boundaries.

• Differentiation of significant terrain features
are not possible by isotonalmapping or from
measurements of continuous scans on a single
film type. In the former case, significant
features could not be differentiated because
several terrain features had the same film
density on the photography. In the latter
case, the inAuence on density patterns of such
parameters as film type, season of year,
scale of photography, scanning filter, aper
ture size of densitometer and cultural fea
tures cause more varia tions within a given
terrain feature than occur between terrain
features of interest.

• The use of multichannel imagery offers the
greatest potential for automatically delineat
iug various terrain features. The imagery is
obtained at the same scale, resolution and
format, and normalized spectral response
curves for various terrain features can be
prepared. This permits visual or automatic
determination of the bands of the spectrum
providing the maximum contrast or unique
patterns for the identification of terrain fea
tures.

• The technique developed in this research
project for automatically differentiating var
ious colors on color photography by means
of densitometric measuremen ts offers a po
tential method for automatically preparing
isochromal maps. This has the immediate
application for the identification or separa
tion, at a given period of time, of those
terrain features which are directly related to
intrinsic color.

RECOMMENDATIONS

The conclusions obtained for this study
were obtained from analysis of a limited
number of terrain features under one en
vironmental condition. All the study at
tempted to accomplish was to give some indi
cation of the variety of parameters affecting
the tonal patterns obtained and to indicate
what approach or approaches offered the best
potential for ultimately achieving the goal of
automatic interpretation. Further work is
needed in analyzing terrain features in a
variety of environments under comparable
condi tions of ti me (e.g., all spri ng coverage).
Extensive work is needed in further develop
ing the techniques for reducing the data on
the photography and imagery into a format
that can be handled by computers. It is ex
pected that in the ultimate solution. all the
pattern elements will have to be utilized, and
not that of tone alone.
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