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ABSTRACT

Surface illumination in the mountainous terrains is characterized differently on the
sun-facing and shadowed portions of the geologic units. This causes misclasaiﬁcatim
of the litho-units uging satellite remotely sensed data. In the present paper,
effort has been made to use Landsat thematic mapper data for the classification of the
different litho-units of the Aravalli mountains of Rajasthan State (India) by applying
supervised maximum likelihood classifier. The varicus litho-units of the Aravalli region
have been clagsified cansidering the sun-facing and shadowed portions of each unit as
different classes lased o ground truth data. A geological map prepared from the
digital image is found to campare closely with the published geological map.

INTRCDUCTICN

Lithological discrimination oconstitutes one of the most important aspects of geologic
remote senging, Various statistical methods have been applied successfully to carry out
lithological discrimination in geclogical terrains characterized by even topography /1-3/.
In such terrains, owing to the prevalence of similar illumination conditions, the spectral
characteristics of different litho-units ramains unaffected. In contrast, there oocurs
significant brightness variation in the sun-facing and shadowed portions of the
litho-units in  the mountainous terrains. As a result, the spectral characteristics of the
litho-units tend to wvary oonsiderably in the illuminated (sun-facing) and shadowed
portions of their exposures. This causes misclassification of the litho-units
in the digital classification of the remotely sensed data. [Lithological
diecrimination in the mountainous terrains can, however, be carried out effectively
by oonsidering the sun-facing and shadowed partions of each litho-unit as different classes
in the statistical classification of digital data.

In the present paper, an attempt has been made to classify dJdifferent litho-units ina
512x512 subscene of Landsat-5 TM scene (path 148-row 043) constituting a part of the
Aravalli mountains in Rajasthan state (India). In order to accomplish the task, we have
used supervised maximm likelihood classifier assuming equal a-priori probability of each
class. 'The major rock types present in the study area are granites, gneisseg, phyllites,
schists, quartzites and impure limestones as shown in the geclogical map published by the
Geplogical Survey of India /4-5/ (Figure 1).

METHODOLOGY

Maximmm likelihood classifier necessitates extraction of training data sets of different
classes to be used in the classifier, In the present study, we have used all the spectral
bands of ™ data excluding the thermal band. The analysis has been carried out
using three litho-units namely granites, phyllites and quartzites since only they could be
identified on the wvarious FOCs. In order to account far the brightness variation of the
granitic and quartzitic rocks, the illwninated and shadowed portions of each of them
have been oonsidered as different classes based on ground truth data, Similarly, in order
to reduce the eoffect of wegetation, two clagses of vegetation have been selected for

clasgification swh as vegetation-1 and vegetatian-2 representing the forested class
and cultivated area respectively.

In order to evaluate the spectral separability between different classes, the tra
pixels of the classes were first classified. The result of this classification is
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presented in form of a contingency table or confusion matrix in Table 1, The table
shows the actual categories in rowsand the predicted categories in columns where the actgal
categories are the ones already identified in the FOCs and the predicted categories
represent the categories chosen by the analyst. The objective is to classify the training
pixels of the actual categories as one or more predicted categories on the basis of their
spectral similarity determined by the maximum likelihood classifier, The diagonal
elements of this table represent the number of training pixels of each category
correctly classified and the off-diagonal elements represent the number of incorrectly
classified pixels of each actual category as the various predicted categories. The
numbers of correctly classified pixels and the incorrectly classified pixels in the
confusion matrix can be expressed in percentages as shown in Table 2. In the next step,
the digital data of the entire subscene were classified in order to generate a thematic
image as shown in Figure 2,

RESULTS AND DISCUSSIONS

Analysis of the oontingency tables (Tables 122) reveals that no class was classified upto
100 percent accuracy. The individual rock type accuracies ranged from 56.8 percent for
guartzite-2 to 90 percent accuracy for granite-2, Overall classification accuracy was
81,96 percent. 5242 pixels were oorrectly classified out of 6396 pixels sampled.
Likewise, out of 6396 pixels sampled, 340 pixels (i.e. 5.32 percent} were unclassified,
that is, they did not belong to any predicted class. among the five predicted
classes of ©rock types chosen, granite-2 was found to be the most misclassified class
with the total number of training samples of all the actual categories misclassified as
granite-2 being the largest, that is, 36.3 percent while the quartzite-2 proved to be the
least misclassified class (6.85 percent). The contingency table (Table 1) also shows that
with the exception of the water class, the cultivated cover class (class 2) was found to be
the most dominantly represented class in the classified image since it is represented by
245.9 percent of its actual number of training pixels sampled., These observations indicate
that most of the rock types show greater spectral affinity towards vegetation-2 {class 2) in
camparison to vegetation-1 (class 1}.

Purther analysis of the contingency table (Table 2) reveals that out of the ten rock pairs
possible, seven rock pairs exhibit distinct spectral separation of the rocks; these
ars namely quartzite-1 - quartzite-2, granite-1 - granite-2, phyllites - guartzite.z,
phyllites - granite-1, phyllites - granite-2, quartzite-1, granite-1, and quartzite-1,
granite-2., On the other hand, quartzite-2 misclassified as granite-2 to an extent of
23.3 percent while granite-2 misclassified as quartzite-2 by only 7.6 percent. This
observation indicates that quartzite-2 has greater spectral affinity towards granite-2
in comparison to what granite-2 shows towards guartzite-2., Likewise, the phyllites arnd
guartzite-1 show a mutual misclassification of 6.8 to 6.9 percent. The third pair
showing misclassification is granite-1 and quartzite-2. Granite-1 misclassified as
quartzite-2 by 4.6 percent while quartzite-2 misclassified as granite~1 by 2.6 percent.

Examination of the digital thematic image (Figure 2) rewveals that the illuminated parts of
the guartzitic terrain (quartzite-1) sharply demarcate from the non-illuminated parts
(quartzite-2) on the basis of the oolour difference. The illuminated parts of the
quartzites show occagional presence of spectral signature of the illuminated parts of the
granites (granite-1) but the shadowed parts of the quartzites is marked frequently by the
presence of spectral signatures of the phyllites and granite-2. The illuminated parts
of the granitic rocks are conspicuous by their dark brown signature and completely demarcate
from their non-illuminated parts showing yellow colour. The granitic rocks, neither in
their illuminated parts nor in the shadowed parts, exhibit presence of spectral signature
of any other rock type. These observations are, in fact, consistent with the
classification accuracies of the quartzites and the granites shown in the confusion matrix
{Table 2}. The phyllitic rocks can be distinguished from the other rock types on the basis
of their even topography and greenish colour. The terrain comprising the phyllites and
schists is also marked by the presence of spectral signatures closely resembling the
granite-1 (illuminated), which is indicative of the presence of a fourth litho-unit.

Camparison of the digital thematic image and the published geological map (Figure 1) reveals
that there is no sharp demarcation of different litho-units on the digital image vis-a-vis
their dispositions in the published map. The similar spectral signatures of the
Erinpura granites and gneisses, and the biotitic limestones and the calc gneisses may
be attributed to their identical constituent minerals and moreover, to the confusing
influence of vegetation cover developed on them, Likewise, the intermixing of the phyllites
and impure limestones with the calc schists may be explained by the same factors.
Nevertheless, the contacts between the various geologic unmits can be located approximately
on the thematic image which are shown in a lithological map prepared from the
thematic image (Figure 3). Obvicusly, the illuminated and shadowed portions of each
1litho-unit have been mapped together in the lithological map.
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TABLE 1  Contingency Table or Confusion Matrix of G-Truths

FREDICTED CATEGCRY

veg-1 Veg-2 Qtz-1 Qtz-2  Phyl Gran-1 Gran-2 Water Other Total

Pixel

A Veg-1 40 0 0 0 0 1} 0 0 4 44
¢ Veg-2 2 52 0 0 1 3 0 0 3 61
T OQtz-1 0 1 1584 0 123 6 0 0 78 1792
U Qtz-2 0 o 0 373 0 17 153 80 34 657
A Phyl ¢ 14 113 0 1430 32 0 0 73 1662
L Gran-t 0 8 1 83 29 1434 9 23 148 18t0

Gran-2 0 0 0 27 0 5 315 7 0 354
C Water 1} 0 1 0 0 0 2 14 0 16
A Total# 42 150 1698 483 1583 1497 479 124 340 6396
T. Accu- 95.4 245.9 94.7 73,5 95.2 82,7 135.3 775

racyf#
{%)

N,B.: ACUTAL CAT. = ACTUAL CATEGORY

{i) Veg-1 = Vegetation-1, Veg-2 = Vegetation-2, Qtz-1= Quartzite-1, Qtz-2 = Quartzite-2, Phyl
= Phyllites, Gran-1 = Granite-1, Gran-2 = Granite-2.

(iiV'#' represents the total number of training pixels of actual categories classified as
each predicted category; this is obtained by summing up the mumbers in each colum, For
example, the mmber of training pixels of the various actual categories classified as
the predicted category, vegetation-1 is equal to 42.

{iii} '##' represents the percentage by which an actual category is represented on the
digital classified image. For any actual category (say WVeg-1), this is cbtained
by dividing the total number of pixels of various actual categories in rows classified as
the predicted category, Veg-l (i.e. the sum of the elements in the colum
corresponding to the predicted category, Veg-1) by the actual number of training samples
extracted for that actual category i.e. Veg-1. For example, for Vegetation-1 class, this
mayf be determined by dividing 42 by 44 and then taking the percentage, that is,
{42/44)x100 = 95.4,

TABLE 2 Confusion Matrix of Training Classes in Percentage

PREDICTED CATEGCRY

Veg-1 Veg-2 Qtz-~l Qtz-2 Phyl Gran-1 Gran-2 Water Other Total

Pixel

A Veg-t 90.9 0 0 0 0 0 o 0 9.1 100
C Veg-2 3.3 85,2 0 Q 1.8 4,9 0 4] 4.9 100
T. Qtz-1 0 0,05 83,4 0 6.9 0,33 0 0 4,35 100

Qtz-~2 0 0 i 56.8 0 2.6 23.3 12.2 5.2 100
C Phyl 0 0.8 6.8 86.0 1.9 0 0 4.4 100
A Gran-1 0 4.6 0.05 4.6 1.6 79.2 0,5 1.3 8.2 100
T. Gran-2 0 1] 0 7.6 0 1.4 90.0 2.0 0 100

Total¥ 3.3 5.45 6.85 12,2 10.1  11.13  36.3 15.5

N.B.: ACT. CAT. = ACTUAL CATBIORY

{ilVeg-1 = Vegetation-1, Veg-2 = Vegetation-2, Qtz-i= Quartzite-1, Qtz.2 = Quartzite-2, Phyl
= Phyllites, Gran-1 = Granite-1,Gran-2 = Granite-~2,

{ii) '#'  represents the total percentage of samples of actual categeries
misclassified as a predicted category; obtained by summing up the off-diagonal elements in
the oolums for respective predicted category. For example, the varicus actual categcries
misclassified as the pmedicted category, Granite-2 is obtained by suwning uwp the
off-diagonal elements in its column, that is, 23.3 + 0.5 + 12.5 = 36.3, Granite-2 is the most
misrepresented c¢lass on the digital thematic image.

CONCLUSTON

The =study has revealed that the spectral characteristics of the rock types can be studied
in a more realistic manner considering the sun-facing and shadowed portions of each
unit as separate classes in the classification of digital data. The similar spectral
reflectance between different rock types is attributable to the confusing influence
of wvegetation and identical mineralogical composition. Field reflectance spectra of the
different litho-units is essentjal to supplement the chservation made on the thematic
image. It is suggested that armalysis of thermal infrared reflectance data may be carried out
for better discrimination among the litho-units.
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Fig. 1 Geological map of the study area Fig. 3 Geolog;dcal rg:g“of t t d}i,gital
(Modified from Gaological prepared , the
Survey of India Memoirs, Vol. thematic image.

79 Plate 38, 1953}, The imer
rectangle represents the area
covered in the present study.

Fig, 2 Digital thematic image of the study area generated
by using maximum likelihood classifier (using T™M
barmds 1,2,3,4,5, ard 7).
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