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Terrain Classification Using
Color Imagery

Algorithms are described which permit classification of
terrain features from 1:100,000 scale color photography with
an accuracy of 97 percent.

INTRODUCTION

O N OCTOBER 9, 1973, Rome Air
Development Center (RADC) accepted

delivery of an experimental photointerpreta­
tion console designed for analyses of color
film imagery. Delivery of the interpretation
console represented the culmination of
seven years of research in the development

of the scene under study; t and a method for
displaying image brightness variations in
the form of the relative values, or ratio, of
brightness between any two of the three film
layers.4 The ratio display has been found to
be a most effective and accurate approach to
interpretation of the spectral brightness dif­
ferences contained within the color film.

ABSTRACT: Algorithms have been developed to permit classification
of metal, soil, pavement, cultivated fields, and vegetation elements
from standard color film imagery. The analyses moe significant be­
cause the algorithms are independent of sensor and atmospheric
conditions. The algorithms thus remove the necessity for a new
training data set for each data collection mission. Terrain classifica­
tion from the algorithms was accomplished to 97 percent accuracy
using imagery at scales as small as 1:100,000 taken from altitudes in
excess of 50,000 feet.

of interpretation techniques for color film
imagery.'olo

The principal elements of the new in­
terpretation methodology involve the mea­
surement of brightness differences which
are contai ned in the three layers of the
color film and which can be related to phys­
ical properties of the scene; a unique proc­
ess for removal of atmospheric and exposure
variables from the image so that the inter­
preter can confidently associate image
brightness effects solely with the properties

t u.s. Patent 3,849,006

The experimental photointerpretation con­
sole integrates all of the techniques and con­
cepts into a device which makes the inter­
pretation process convenient and efficient.
A photograph of the interpretation console is
contained in Figure 1.

The operation of the interpretation con­
sole is described in detail by Smith et al.,4
and Walker et al. 7 The operation typically
involves five steps: (1) visual interpretation
of the imagery at the console light table; (2)
calibration of the imagery in order to remove
atmospheric and processing effects by use of
a micro-densitometer incorporated into the
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FIG. 1. The photometric interpretation console.

viewing stereoscope; (3) densitometric
analysis of the color, or photometric, differ­
ences on the calibrated imagery; (4) genera­
tion of displays of photometric differences
for individual film layers or combinations of
film layers; and (5) comparative analysis of
the photometric information with visual in­
terpretation and background data.

During the development of the interpreta­
tion console, the photometric interpretation
techniques were applied to a number of
problems in order to evaluate the usefulness
of the photometric approach and define the
capabilities required of the various compo­
nents of the console. These analyses in­
cluded a mapping of water quality parame­
ters such as chlorophyll, lignin, and humic
acid;5,ll a detection of vegetal stress and
disease, including damage by sulfur
dioxide,12 disease and insect infestations; 10

an evaluation of the condition of con­
crete surfaces such as airport runways and
roadways. including a delineation of regions
of cracking and spalling;7,8,IO a specification
of soil moisutre and drainage flOW;3,8 and an
identification of materials and material
properties, such as metal discrimination and
soil or rock texture. 7 ,l0 The results of these
analyses revealed that sensor and atmos­
pheric parameters could be accurately re­
moved from color film imagery and that con­
sistent measures of terrain reflectances
could be obtained.

A major problem in terrain classification is

the necessity for developing a training data
set for each data collection mission, because
of changes in atmospheric and imaging con­
ditions. Development of the training data set
is costly and time consuming. Classification
algorithms which would be valid for a wide
variety of atmospheric and imaging condi­
tions would represent a significant im­
provement in terrain mapping procedures.

In this paper we demonstrate that such
classification algorithms can be developed
for six simple terrain features: metal, water,
pavement, soil, cultivated fields (light vege­
tation), and vegetation (dark, forested areas).
(See Table 1.) These six object types can be
distinguished easily by eye, provided the
colors of the objects are not significantly
modified by effects such as atmospheric scat­
tering or the conditions of film processing
and exposure. The image calibration
technique measures atmospheric and pro­
cessing effects and accurately determines
the color or reflectances of objects from the
color film record.4 ,5 Therefore, we would ex­
pect classification based on reflectances ob­
tained from color film to be very accurate.

Because of the simplicity of the classifica­
tion categories in Table 1, the algorithms
developed are relatively independent of
seasonal and geographic parameters such as
gross changes in soil moisture and soil type.
(We exclude, of course, the autumnal change
of color of vegetation.) More detailed clas­
sification schemes will probably have to in-
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TABLE I. MAPPING CLASSES

Metal
Water
Pavement-any concrete, asphalt, or gravel surface, including roofs
Soils and Sand-any bare soil element
Cultivated Fields-lighter vegetation, including pasture, graze, and grasslands
Vegetation--darker vegetation, primarily forested land
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corporate seasonal and geographic effects to
some degree. Even in these instances, clas­
sification from algorithms independent of
atmospheric and imaging conditions will
constitute a significant improvement in ter­
rain classification procedures.

METHODS

Five areas within New York State were
selected for study in the terrain classification
analyses. These areas were centered on or
near (1) Griffiss Air Force Base, (2) Verona,

(3) Stockbridge, (4) the power plant at
Schaghticoke, and (5) the railroad yards at
Utica. The five targets were selected to pro­
vide as diverse a set of urban, industrial,
rural, and agricultural features as possible.
Mapping capability was evaluated for two
map types: (1) a map 10 km on a side at 30
meters resolution; and (2) a map 0.6 km on a
side at 5 meters resolution.

The Griffiss, Verona, Stockbridge, and
Utica areas were overflown at 1: 100,000
scale from 50,000 feet. These four sites can
be contained within an equilateral triangle

FIG. 2. Scene classification site-Griffiss Air Force Base. (Reduced
50 percent. Ed.)
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FIG. 3. Coordinate system used for the classifica­
tion algorithms.

of approximately 30 km on a side. The
Schaghticoke site, 160 km from Griffiss AFB,
was overflown on a different day at
1:100,000 scale and 1:30,000 scale (15,000
feet). The film utilized was standard Ekta­
chrome MS2448. Analyses of the
Schaghticoke site were performed on the
1:30,000-scale imagery, primarily to investi­
gate the possible increase in accuracy which
could be obtained from lower altitude imag­
ery (less atmospheric effects). A black-and­
white copy of the 1: 100,000 imagery over
Griffiss AFB is given in Figure 2.

Classification algorithms were developed
by studying almost 1,000 areas on each of the
Schaghticoke and Griffiss AFB scenes. The
areas were carefully selected to be well out­
side the areas to be mapped at Schaghticoke
and Griffiss. Each object point was reduced

to its red, green, and blue reflectance values
by the photointerpretation console. The
color space consisting of the red, green, and
blue octant was described in terms of spher­
ical coordinates (r, (J, rf>,) (Figure 3). The
parameter r is thus a measure of total bright­
ness; the parameter (J is a measure of the
amount of blue reflectance contributing to
the brightness of the object; and the parame­
ter rf> is a measure of the relative amounts of
green and red reflectance contributing to
brightness.

The classification algorithms are con­
tained in Table 2. The algorithms define
areas of the (r, (J, rf>,) space in which each
object class is found. For example, the metal
signatures require that a metal be at least of a
certain brightness (r>0.22); that the blue
component of brightness be at least a certain
size (the (J rules); and that there be a balance
between the amount of red and green in the
object (the rf> rules). The latter propOltion of
red and green stems from the fact that metals
are white, or approximately flat spectrally.

A three-dimensional display of the vol­
umes of color space would be extremely dif­
ficult to construct. Some feeling for the vol­
umes can be obtained from the ((J, rf» and (r,
(J) plots of Figure 4 .. The regions of the two
spaces in which objects of a certain class can
be found are outlined. For an object to be in
a certain class, it must be within the de­
lineated regions on both plots.

The volumes of color space defining ob­
ject classes are not exclusive, i.e., they have
some overlap. The overlap primarily occurs
between metals and pavements (bright con­
cretes), cultivated fields and water (turbid,
green ponds), and soils and pavements

Class

TABLE 2. PHOTOMETRIC SIGNATURES

o r

I. Metal

3. Water

5. Pavement

7. Soil and sand

8. Cultivated field

9. Vegetation

<-1.310+2.24

>-0.370+ 1.41
lf6>0.97,

> 0.696+.56 or <1.07
> 0.69
< 0.92
>-1.120+ 1.71
< -0.956+ 1.88
< 0.820
> 0.620
< 0.276+0.80

> 0.266+0.81
> 0.176+1.22
< 0.6900+0.55

< 1.50(lf r>0.50)
< 1.07(If r<0.50)
< 1.26
<-22.7r+2.5

> O.96(lf r>0.22)
< 1.13
>-22.8r+2.51

< 1.33
> 1.01
> 1.00
< -4.2r+ 1.97
>-1 1.2r+ 1.73

>0.22

>0.14
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FIG. 4. Areas occupied by the object classes in (0, cb) space (left), and (1', 0) space (right). The
algorithms defining the space occupied by the object classes are given in Table 2.

(bright soil and brownish concrete). The re­
gions of overlap are small and not statistically
significant, as evidenced by the accuracy of
the scene classifications listed in Table 3.

RESULTS

A set of classification maps was generated
for the five sites. An experienced photoin­
terpreter generated maps from the color orig­
inals. The interpreter utilized low-altitude
color imagery and ground truth data to in­
sure that his manual classification of each
scene area was accurate. The imagery was
then calibrated to remove atmospheric and
film effects, and the areas defined by the in-

terpreter were measured by using the mi­
crodensitometer of the photointerpretation
console. Multiple measurements were made
within each area, with a conscious attempt
made to measure points which had a differ­
ent appearance.

The accuracies of the various map classifi­
cations are presented in Table 3. Table 3
contains a breakdown of the accuracy for
each site and map type. The number of ob­
ject areas classified on each map are also in­
cluded. On the larger maps the poorest accu­
racy was 96 percent, the best 98 percent. On
the smaller maps, the poorest accuracy was
86 percent, with this accuracy occurring on a
homogeneous region with only 22 objects

TABLE 3. CLASSIFICATION ACCURACIES

Large Area Map· Small Area Maps2

No. of No. of
Site Accuracy Areas Accuracy Areas

1. Griffiss AFB 98% 168 95% 43
2. Verona, NY POL 96% 130 96% 45
3. Stockbridge SAM site 97% 169 86% 22
4. Schaghticoke Power Plant 98% 205 98% 48
5. Utica Railroad Yards 96% 210 *
Overall accuracy for all five scenes-97%

1 The large area maps were 10 km on side, mapped to 30 III resolution.
2 The small area maps were 0.6 kill on side, mapped to 5 m resolution.
* The resolution on the Utica imagery was too poor to permit mapping of the small area maps to the desired resolution.
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(19 out of22 objects correct).* Accuracies on
more complex, smaller maps were 95 per­
cent, 96 percent and 98 percent. The overall
accuracy of the classification was 97 percent.
There was no significant difference in clas­
sification accuracy between scenes. The
Schaghticoke site, which was studied from
15,000 feet as opposed to 50,000 feet, was
not classified to any greater degree of accu­
racy at the lower altitude. Most of the clas­
sification errors came from two categories:
(1) the inability to distinguish concretes from
certain bright soils; and (2) the confusion of
turbid, green water with some cultivated
fields.

The prime reason for successful im­
plementation of the algorithms was the abil­
ity to account for atmospheric and film ef­
fects. The atmospheric effects on the
Schaghticoke imagery were equivalent to a 6
percent reflector in red and green and a 10
percent reflector in the blue. For the higher
altitude imagery, the effects were equivalent
to about an 8 percent reflector in red and
green and a 15 percent reflector in the blue.
Soils and concretes usually have reflec­
tances of about 20 percent, vegetation about
5 to 10 percent, and water about 5 percent.
Thus, in many instances, the atmospheric ef­
fects can equal or exceed the signal from the
object. Accurate photometric calibration is
crucial for consistent classification.

CONCLUSIONS AND SUMMARY

The program has demonstrated that al­
gorithms for classification of terrain features
according to the categories metal, soil,
pavement, cultivated fields, and vegetation
can be developed for a color film mapping
system. Classification accuracy from
1: 100,000 scale imagery was about 97 per­
cent.

The mapping categories used are not
complex and correspond approximately to
but a Level I land-use classification.13 The
algorithms are important, however, because
they are independent of atmospheric and
sensor conditions. Changes in atmospheric
or sensor parameters usually require the
time-consuming development of a training
data set for each data collection mission;
such training data are not necessary with
these algorithms.

The algorithms which have been de­
veloped are, in addition, quite simple. In

* The areas incorrectly classified were three
shallow, ~enish ponds which were classified as
light vegetation (cultivated fields).

fact, little use has been made of the most
elementary aspects of statistical decision
theory and discriminant analysis in de­
velopment of the algorithms. Further, the al­
gorithms are based solely on the photometric
properties of terrain features; textural and
spatial parameters have been neglected in
the algorithm development. We would
therefore expect that the algorithms could be
successfully extended to more complex clas­
sification schemes by incorporation of more
powerful statistical techniques and spatial
propelties of the terrain features. A hierar­
chical classification scheme, such as Level II
and III classification once Level I classifica­
tion has been completed, should be feasible
through extensions of the present approach.

Adoption of the present scheme of terrain
classification based on reflectance values
has an additional advantage over and above
removing the requirement for development
of training data. Reflectance data have been
shown to be most useful in analyzing quality
levels or conditions, such as water quality,
vegetal vigor, and soil conditions. I •3 Thus,
once classification is accomplished with re­
flectance algorithms, quality analyses can be
conducted by using the identical data base
employed for terrain classification. A sig­
nificant economy in overall cost and time of
analyses could thus be realized.

Implementation of the terrain classifica­
tion will require development of a digital
image analysis system in which the photo­
graph is automatically scanned and the
image density values are converted first to
reflectances and then to terrain classes by
means of the algorithms which have been
developed.
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Call for Papers
Symposium on

Remote Sensing for Vegetation Damage Assessment
Seattle, Washington, February 14-16,1978

The theme of the symposium--co-sponsored by the American Society of Photogram metry,
the Puget Sound Region, ASP, the Washington State Department of atural Resources, the
University ofWashington, and the Society ofAmerican Foresters-includes levels ofapplica­
tion, status of technology, basic background theory, and economic aspects of remote sensing
for vegetation damage assessment. Papers related to the following aspects of remote sensing
are invited:

• Theory of vegetation damage detection and assessment
• Technology of applicable techniques, including equipment
• Case studies
• Economics of case studies and applications

Those wishing to present a paper are asked to submit a comprehensive 250-word summary
no later than July 31, 1977. Include the title and the author's name and affiliation. Papers
accepted for presentation will be refereed prior to publication in a dedication issue of Photo­
grammetric Engineering and Remote Sensing. Send summaries to:

Dr. P. A. Murtha, Program Chairman
Symposium on Remote Sensing for Vegetation Damage
Faculty of Forestry, University of British Columbia
Vancouver, B.C. V6T 1W5
Canada


