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Abstract

This paper presents the results of a spatial domain filtering investigation of lineament mapping from IRS- 18
LISS- I satellite image. A guick and accurate lineament extraction method is applied to a big IRS-18B scene of
the study area. Further, the orientation and structural trend of the area is also discussed with respect to the
derived lineaments. Efforts have been made to evaluate the technigues as a fast algorithm for quick and time
limited analysis of lineaments from which their orientations are estimated. To achieve the objective, various
Jiltering technigues have been used for extraction of the lineaments form IRS-18 scene. In the present study,
the acquired IRS-1B satellite scene after being geocoded, has been divided into twelve equal sized windows
and a separate raster layer has been made for each of the windows. Two computer programs were used for
preparation of the data seis and ploitting of the rose diagrams. The result demonsirated that the lineament
density value is relatively higher in the high relief area which indicates the presence of fractured rocks with
abundant joints and faults owing to the structurally active terrain. As a conclusion, the current method has

been found io be useful for lineament extraction from a complex terrain.

1. Introduction

Over the last decade, lineament extraction using
satellite remote sensing data 15 very common.
Lineament maps prepared by convenfional field
mapping technique cannot identify all the
lineaments existing in any area, due to enlarged
scale. In the aerial photography survey, a large scale
regional lineaments, which extend far beyond the
coverage of the photos cannot be detected due to the
lack of continuity in the successive photo pairs,
therefore they could be detected by means of
smaller sub-segments. Digital remote sensing with
the availability of multi-spectral and progressive
development in the image enhancement techniques
is an opportunity to prepare relatively more reliable
and comprchensive lincament maps. The wide
ground coverage and relative high resolution with
respect to scale presented by the satellite images,
also enables regional and local lineament analysis.
The term lineaments originally proposed by Hobbs
(2004) as significant lines of landscape that reveal
the hidden architecture of the rock basement.
However, O'Leary et al., (1976) defined lineaments
as a simple or composite linear feature whose paris
are aligned in a rectilinear or slightly curvilinear
relationship and which differs from the pattern of
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adjacent features that reflects some subsurface
phenomenon. There are numerous approaches
existing for the evaluation and automatic detection
of lineaments and curvilinear features from satellite
images (Cross, 1988, Cross and Wadge, 1988, Taud
and Parrot, 1992, Hardcastle, 1995, Karnieh et al,,
1996, Vasil'yev et al., 1996, Budkewitsch et al,,
1994, Waters, 1990, Zakir et al., 1999, Koch and
Mather, 1997 and Suzen and Topak, 1998). Image
processing of extraction lineament system using
different algorithms have been used by wvarious
researchers (Ramli et al, 2009 and Dash et al,
2000). Among image enhancement techmiques in
particularly, the spatial domain filtering is one of the
best objective tools for the construction of the
segment maps, including the application of digital
filters which introduces certain artifacts into the
maps. This paper, applies several filtering
techniques for the extraction of lineaments for part
of the Garhwal Himalayan region. In the present
study, IRS-1B LISS-1 satellite image have been used
to deduce various linear feature information afier
pre-processing of the data. Figure 1 shows the IRS
1B FCC (4, 2, 1) image around Himalayan region.
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Figure 1: shows the IRS 1B FCC (4, 2, 1) image of the study area

2, Previous Research on Lineament
Identifications

Previously, various technmiques have been used to
enhance lineaments using remote sensing data, The
edge detection method may be archived in various
ways such as using optical instruments like *Ronchi
Rolling method® and the common used digital image
processing . But the digital image processing is
more reliable and easier than other methods. A
digital spatial filtering technique that is much more
efficient than the other processes such as Fast
Fourier Transformation (Karmel et al., 1996 and
Richards, 1993). The filter works with data in image
gpace and gives equal weight to every picture
elements (pixel) within the filter window or kernel
used. But however this process 15 having some
limitations as all the non-geological features are also
detected (Philip, 1996). Thus expert human eye and
more experience are required in order to delineate
the actual linear features on the image. Singh and
Singh (2005) used the lincaments analysis to study
changes in stress pattern for earthquake analysis in
India. They used IRS-1D LISS data for lineament
analysis. The lincaments are extracted using high
pass filter (Sobel filter in all direction) with high
level accuracy. From the thorough examination of
the literature it was inferred that, computer assisted

methods for the detection of structural (tectonic)
lineaments (namely faults and joints), were
exclusively based on spatial filtering technigues
(directional or gradient filters)as well as
morphological filters (Morris, 1991, Math et al.,
1995, Philip, 1996 and Suzen and Topak, 1998).
These methods produced edge maps requiring
further processing (thresholding and thinning) for
the linear segments to appear with one-pixel
thickness. Oprtmal edge detectors (e.g the canny
algorithm) have already been successfully applied
on natural scenes with quite satisfactory results
(binary images with onc pixel thickness, cfficient
length and pixel connectivity), and this makes their
application in geologic lineament mapping more
popular (Canny, 1986 and Tnpathi et al., 2000). In
the literature, Hough transform algorithms has been
applied successfully in geological research,
especially to detect geological lineaments such as
fault, joints, dykes, and shear zones. Recently,
Fitton and Cox (1998) used multi-scale method to
cnable detection of smaller features and a novel
normalization method to ensure the identification of
off-centered features Won et al., (1998) utilized
RADARSAT SAR data for a geological lincament
study, but they did estimate lineaments via visual
investigation of SAR images rather than automatic
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lineament extraction approach. Kageyama et al.,
(2000) used airborne SAR and Landsat 5 TM for
lineament extraction.

3. Methodology

The objective of this study is to investigate the
contribution of different filtering technigues,
particularly spatial domain filtering for the
extraction of the lineaments from IRS 1B image.
Efforts have been made to evaluate the techniques
as a fast algorithm for quick and time limited
analyses of linear features from which their
orientations are estimated. The study area which is
part of the Garhwal Himalaya is characterized by
numerous faults with consistently striking in the
same direction or even some are cutting across them
(Philip, 1996, Sahoo et al., 1998, Shaoo et al., 2000
and Pradhan et al, 2006). The identification of
lineaments has paramount importance in geology,
because such features can represent faults and
fracture zones where offset has not occurred
(Sabins, 1987). These features always play an
important role for significant potential hazardous
occurrences. A fault may be directly visible in the
satellite image as a scarp or change in lithology
(Jain, 1987). Thus this goal can be achieved from
digital images, through image processing methods
by using wvarious edge detecting methods. But
however each edge detected in this kind of process
18 true in some mathematical sense, may be they all
are not geologically correct or significant. The
present study attempts to extract the lineaments
from the IRS 1 B image which has a spatial
resolution of 72 m pixel size. Figure 2 shows the
methodology applied for the current study.

3.1 Spatial Domain Filtering

As a prehminary step, two dimensional spatial
filtering was used to generate images that enhanced
both regional and intermediate-level linear features
(Jensen, 1996). A spatial filter will generally
enhance features that are less than half the size of
the kernel being used and suppress features that are
more than half the kemel size. The types of filters
are selected as directional high pass filters (Siizen
and Toprak, 1998), since the major directions of the
linear features of the study area are known. The
process starts in the rule of thumb knowledge that
filtering will also recognize the non-geological
lincaments and the location of the lineament will be
biased and enlarged dependent on the kemnel size
(Dash et al, 2000). In the present study, various
types of kemnels have been used to detect the all
possible lineaments:

* Prewitt kernel in all principal directions

« Sobel Operations in all directions

* 11 by 11 low pass and 7 by 7 vertical convolution
kernel

3.1.1 Prewitt operator

Prewitt kernels (Table 1) are the first filter group
convolved over the image in four principal
directions (N-5, NE-SW, E-W, and NW-5E). The
filter images are added back to the original band in
all equal proportions. However, it has been seen that
there is no significant increase in the contrast and
frequency relative to the unfiltered original image,
thus the output lineament map 1s very similar to the
original image with only minor improvements. For
the mext step, biased Prewitt, Sobel filters are used
to increase the frequency and confrast.
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Figure 2: Methodology flowchart for lineament extraction and detection
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Table 1: shows the Prewitt and Sobel kernels in four principle directions

N-§ NE-SW E-W NW-SE

-1 0 1 -1 -1 0 -1 -1 -l 0 1 1

PREWITT -1 0 1 -1 0 1 0 0 -1 0 1
-1 0 1 0 1 1 | 1 1 -1 -1 0O

-1 0 1 2 -1 0 -1 -2 -1 o 1 2

SOBEL 2 0 2 -1 0 1 0 0 0 -1 0 1
-1 0 1 0 1 2 1 2 1 -2 -1 0

3.1.2 Sobel operator

It 1s a non-linear edge enhancement technique that
performed using nonlinear combinations of pixels.
If the first derivative pixel is above a threshold, the
presence of an edge pixel is assumed. It based on
the notation of the 3x3 window described and
computed according to the relationship (Table 1)
{Duda and Hart, 1973 and Gonzalez and Wintz,
1977).

4y dy &

a7 [ii] i3

5 a5 iy

Consider the arrangement of the pixels about the
pixel [i,j]. The Sobel operator is the magnitude of
the gradient computed as:

Whar,

5, = I-’i toag + ayl- I:an toay + IEb

Sy =lag +@y +3z)=lag + @5 + 3y)

C=2

Equation 1

Like the other gradient operators, Sx and Sy can be
implemented by using convolution masks:

a1 1 2 1 -1
-1 01 =1 =i =1

Equation 2

This is the convolution mask for non-directional
Sobel operator and places an emphasis on pixels that
are closer to the center of the mask. Sobel kernels
can also be convoluted in desired directions. Then it
gives on the direction for which it is applied. Sobel
kernels (Table 1) are convolved in four principal
directions and added back to the original image in
equal proportions. It has been seen that the out
coming result is more satisfactory than the Prewitt
kernels but the lineaments have a segmented
appearance, may be due the increased spatial

frequency. It is much more sensitive to segments of
lineaments rather than a combined umique
lineament. In order to get regional lineaments bigger
size convolution kemels are used. In the present
study, the whole scene after being geocoded, has
been divided into twelve different equal sized
windows and each window has been processed
separately. Each window has been subjected to both
Prewitt and Sobel convolution kernels. Then all the
output edge enhanced images have been visually
interpreted and the small lineaments have been
annotated in another layer. Finally all the individual
windows have been joined to its original coordinates
and the lineament fabric has also been shown on the
original satellite imagery (Figure 3). The lineament
fabric has also been subjected to further statistical
processing to find length-weighted rose diagrams.

3.1.3 11 x 11 low pass and 7 x 7 vertical gradient
filters

Although the original image is added back, due to
their small size and to their emboss effect, Sobel and
Prewitt filters become much more sensitive to
sepments of lincaments rather than a combined
unique lincament. In order to combine these
segments, o get regional lineaments and to reduce
the noise present in the image, the imape is
smoothed by using 11 by 11 low pass filters (Table
2). The effect of smoothening in the image is
reflected by homopenization and blurring, giving a
decrease in spatial frequency. The effect of
smoothening in the image is to reduce any single
random lineaments or small lineaments which can
casily be assigned to crop boundaries or simply non-
geological lineaments. Moreover, homogenization is
preferred in fault zones rather than mapping
individual lineaments as segments. Thus to enhance
the newly found NW-SE lineament set, the
previously cited NE-SW set without the interference
of smaller random and non-geological lineaments, a
bigger size vertical gradient filter (7 x 7) (Table 3) is
convolved over the smoothed image and the flirted
image is added back to the original one in equal
proportions. Finally, all the gathered data from
spatial domain enhancements are used to create a
final lineament map and the rose diagram by
deleting the duplication of the file record.
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Figure 3: shows the lineament fabric of the study area in different windows overlaid
on FCC (4, 2, 1) image

Table 2: 11 by 11 Low Pass kernels convolved over ~ Table 3: 7 by 7 Vertical gradient kernels convolved
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4. Statistical Evaluation of the Lineament Fabric
Data and Construction of Rose Diagrams
In the present study, lineament extraction has been
used for the fault line and other fracture lines
analysis. To achieve a pood visual interpretation,
rose diagrams have been plotied for the directional
analysis of the lineaments. Rose diagram is a
circular histogram used by most geologists to depict
the distribution of the directional data. It is plotted
between class frequency and length of the
lineaments on a 180 degree compass. [t certainly

over the IRS LISS 1 image

1 2 2 0 2 2 1
2 3 i 0 -1 3 <2
3 | 5 ¥ 5 -1 3
2 3 4 {l i 3 2
1 . 2 0 z ”. 1
2 3 1 i i 3 i

depicts the relative abundance of the data in
particular direction, within a given range. Afier
getting the lineament fabric data from each
individual window, a separate raster layer has been
made for each of the windows. As all the depicted
annotated lineameni layers in each window are
simply the lines, so it was become very necessary to
change these lines into polylines for preparation of
the raw data. Then all the lineaments in each
window are transformed to the polyline and their
coordinates were stored. Each line or lineament is
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represented in the file with a separete group. The
first line of each group has the line 1D (identity) and
last line with end characters with some more header
informations. The intermediate lines show the
coordinates in terms of latitude and longitude of the
starting and intermediate points in the line. Two
computer programs have been used for preparation
of the data sets and plotting the rose diagrams. First
a computer program has been used to remove the
coordinates of all the intermediate points in each
line. Hence the final file is only having the data for
the first and last points (in terms of coordinates) for
each line. The second program has been coded in
compatible MATLAB software for plotting of the
rose diagrams. The rose diagram has been plotted by
taking into the consideration of the length and the
frequency of the lineaments for each window.
Initially, the length—weighted rose diagram is
calculated by simple mathematical formula.

2 F.
length = Jhr; —¥1) +lx3 —%q)

Where; x;, ¥, and x;, y, are the coordinates of the
initial and final points of the lincaments. Finally
slope of each lineament has been calculated by
above mentioned procedure and grouped into
classes for a particular class interval of 10° range.
Similar procedures have been followed for all the 12
windows, and rose diagrams have been plotted.
Figure 4 shows the rose diagram for the lenpth
weighted lineament fabric in all windows, and
Figure 5 shows the rose diagram for the frequency
count lineament fabric in all windows. The results
reporied here can be compared with the findings of
Sahoo et al., (2000) who used IRS 1B imagery in a
study of stress measurement of the same area though
his test areas do not overlap with the present study
area.

5. Results and Discussion

Due to spatial domain filtering, smoothing effect of
the image can be explained by low pass filters. The
homogenization and smoothing of the image,
reduces the segmented appearance of the

Equation 3 lineaments. Due to smoothing effect, all the
desegmented lineaments fused together to give
Similarly the slope (orientations) of each line has  single continuous lineaments Figure 6). As the
been calculated from the formula: chosen TRS- 1B image was taken when the solar
. illumination direction was SE, taking into
slope = 2N consideration of the shadow conditions a vertical
X3 —Xq gradient filter could also be chosen but the major E-
Equationd W striking regional lineaments would mask the
Temaining areas.
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Figure 4: shows the rose diagrams showing the frequency of lineaments per 10 degree
interval in different windows of the IRS scene
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Figure 5: shows the rose diagrams showing the cumulative length of lineaments per 10

degree interval in different windows of the IRS scene
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Figure 6: shows the screen shot of the window 12 after convolution of 11 by

11 and 7 by 7 vertical filter
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Figure 7: shows the final lineament map of the study area based on IRS image scene
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Figure 8: shows the frequency histograms of lengths
of lineaments derived from IRS scene

79 percentages of the total detected lineaments
shows NE trend by indicating that Himalayan plate
15 facing in NE direction. Though the size of the
image 15 relatively big with 72.5 m spatial
resolution, the current analysis clearly shows out
that 1t 1s the quick process in comparison with the
large size of the data. Manual way of detecting the
lineaments in this case is extremely difficult and so
also the edge enhancement technique would not be
very much useful. An enormous number of
lineaments were observed 1n the chosen IRS scene,
including a number of major lineaments crossing the
area. The limeaments occur as anomalous straight
nver courses and wvalleys, as well as anomalous
straight features crossing hills and mountain ranges,
sometimes marked by a clear lateral displacement of
rocks on both side of the lineament. It is evident that

these major lineaments represent fault and fracture
zones (Figure 7). Their numbers and total lengths
were expressed in meters. Rose diagram of
lineament fabric reveals that there is distinct change
in major trend of lineamenis in north and south of
MBT (Figure 7). In the lesser Himalayan region,
maximum number of lineaments are oriented in
east-west direction. In the Dun region, the trend of
lineaments are found to be in the direction of E-W
and in the Siwalik region the majority trend of the
lineaments are directed towards in the NE- SW
direction. Figure 8 shows the frequency histograms
of length of lineaments derived from the image for a
comparative analysis.

6. Conclusions

The detection of long, linear features was
successfully operated by using the current method.
Lineament analysis of a selected IRS scene was
carmied out by using various image Pprocessing
techmiques. A total number of 1508 lineaments were
detected by using the current techmique. Considering
the time schedule and the mimimum budget various
enhancement techniques were applied on original
satellite data. Due to the directional characters of
applied Prewett and Sobel filters are sensitive to
lineaments oriented parallel or sub-parallel to the
kernel. In the output lineament map the major peak
15 observed within the range of N6O'E to N30'E,
which is the main structural orientation of the area.
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But, however, the presence of E-W and N-W
lineaments in the rose diagram indicate the slight
changes in the onentation of the study area in four
directions.
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