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The Extraction of Lineaments Using Slope Image Derived from Digital Elevation
Model: Case Study of Sungai Lembing – Maran area, Malaysia.
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Abstract: Slope image created from digital elevation models (DEMs) is helpful in identifying lineaments
in Sungai Lembing - Maran area. The image can enhance and identify lineaments at different sets.
Lineaments were extracted from slope image are shown to have four sets of lineament systems, the first
system of lineaments with azimuth orientation of N45<W is dominant in the area, the second, third and
fourth lineament systems with azimuth orientations of N-S, N 90< E and N 45< E are subdominant in the
study area. The total length of lineaments is 2139 Km and the number of lineaments is 782. In this study,
a large number of lineaments were compared to the structures depicted on the geologic map of the area,
and to field observations. A positive correlation between data derived form these different sources supports
the above mentioned orientations of lineaments. The accuracy of lineament map is computed by using GIS
overlay technique that determines where the lineaments and faults are matched. Total length of intersection
is calculated to be 325.65 Km, this is 31.4 % of the faults identified in the area which also defines the
accuracy of the lineament map prepared in this study for the whole area.
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INTRODUCTION

A lineament is any extensive linear surface on a
planet, as a fault line or fracture line. The term”
lineament” is one of the most commonly used terms in
geology. Hobbs[1], first used the term lineament to
define a “significant line of landscape which reveals
the hidden architecture of rock basement”. O’Leary et
al[2], defined lineament as a simple or composite linear
feature of a surface whose parts are aligned in a
rectilinear or slightly curvilinear relationship and which
differ from the pattern of adjacent features and
presumably reflects some subsurface phenomenon. The
Digital Elevation Model has been applied generally for
many purposes, for example, landslide risk zone,
engineering construction, surface water and
groundwater, etc. These data are also good for
geological studies, particularly in terms of morphology,
rock types, and structure. DEM data are digital
elevation data set recording the topographic surface
expression of any area. Recently, Ganas et al[3],
observed that the case of DEM's, shaded relief images
and terrain derivative maps (slope, aspect and
curvatures) have largely demonstrated their usefulness
for lineaments and fault extraction. The scope of this
paper is to use the slope image created from DEM for
creating binary image with different threshold values
following by automatic lineament extraction using

Straight Line module, and compared the output
lineament map with fault map of study area.

MATERIALS AND METHODS

The study area is situated in the Eastern part of 
Pahang, Malaysia about 2340 sq. km , between 3°39'6"
and 4° 04' 1" N and longitudes 102°40'5"and 103°07'5"
E (Figure 1) . The DEM was geo-rectified using
topographic maps with points collected at road
intersections and other landscape features throughout
the area.

Slope image were derived from a digital elevation
model (DEM) with a resolution of 30 meters. The
DEM was acquired from contour map and was
originally generated by digitize the contour lines and
give the contour lines the height value they represent.
Slope percentage is calculated in this image as a
percentage. Percentage values of slope image have been
converted into degrees (Figure 2). Slope image or slope
map indicating the topography of an area along with an
analysis of topographic features as they have influenced
and may continue to influence land development.
Binary images have been created from slope image
with different threshoding values. The first step to
create binary image is by applying the different
Threshold values then apply adaptive thresholding.
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Fig. 1: Location of the study area.

The Adaptive Threshold module is used in uneven
lighting conditions when you need to segment a lighter
foreground object from its background. In many
lighting situations shadows or dimming of light cause
thresholding problems as traditional thresholding
considers the entire image brightness. Adaptive
Thresholding will perform binary thresholding (i.e. it
creates a black and white image) by analyzing each
pixel with respect to its local neighborhood. This
localization allows each pixel to be considered in a
more adaptive environment.

The algorithm will consider each pixel one at a
time, calculate the mean of the local neighborhood
'window size' (x-windowSize/2, Y-window Size /2, X+
window Size /2, Y+windowSize/2) and thresholds the
current pixel to white if the difference between the
calculated mean and the current pixel value is lower
than the 'mean offset'. There are two parameters which
control this step there are:- (1) Specify a window size
large enough to reduce unwanted lighting(2) Specify

the mean offset By change the values of those
parameters many binary images can be create. The
final step is Straight Line, the Straight Line module
provides a way to filter out straight lines from an
image. This is functionally similar to the Hough
Transform but will operate at a faster speed. The
Straight Line module expects an edge extracted image
to work correctly. The Straight Line module is
controlled by three parameters. (1) Allowed Line Error
- as the module follows the edge contours the allowed
line error will ensure that the creation of a straight line
does not deviate from the allowed error. Decreasing
this number will create straight lines that better match
the contour, larger values will allow the straight line to
cover more of the line at the expense of accuracy.
(2)Min Max Length - removes lines that are shorter
than min length and longer than max length. (3) Merge
Like Lines - concatenates lines that are similar in slope
and whose endpoints are relatively close, this parameter
controlled  by  two  parameters (a) Max Distance - the
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Fig. 2: Slope image created from DEM.

maximum distance of line endpoints that will be
merged. The smaller this number the closer the line
endpoints need to be in order to be merged into a
single line. The higher this number the more distant the
lines can be.(b) Merge Error - when comparing the
slope of the two lines the merge error dictates how
unlike the two slopes can differ to still be merged.
Lowering this number will cause lines to have very
similar slopes in order to be merged. Increasing this
number will cause lines that are less like in slope to be
merged. Note that the final merged line will have a
combination of both line's slopes.  Be sure to have an
edge detected image (using canny edge detection)
before using the Straight Line detection module. The
Canny edge detector is regarded as one of the best
algorithm edge detectors currently in use. The canny
edge detector module is controlled by three
parameters,(1) Gaussian filtering; (2) low threshold and
(3) High threshold[4].

RESULTS AND DISCUSSIONS

Slope image has been enhanced by applying
different threshold values and the suitable value of
threshold is 75% and the values of specify a window
size and specify the mean offset parameters of the
Adaptive Threshold module are 3 and 4 respectively,
then the values of Gaussian filtering, low threshold and
High threshold parameters of the Canny module are
1.0, 0, and 30 respectively. The binary image where
the black pixels value is 1 and the background value
is 0 has been used for extract the lineaments (Figure
3).

The extraction process is manipulated changing the
three parameters. Several lineament maps are generated
using different values. The most suitable values are
selected, Error with Allowed Line Error is 0.2, Length
Filter with Minimum Length is 5 and Merge Like
Lines with Maximum Distance is 10, considering these
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Fig. 3: Binary image. 

Fig. 4: Lineament map.
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lineaments as fault lines (Figure 4). In order to test the
ability of this method to extract the lineaments. The
results obtained from automatic lineament detection
need to be checked.

For the accuracy assessment the comparison
between the fault map of the study area (Figure 5) and
the lineaments extracted from enhanced slope image in
term of number of lineaments and the total length of
lineaments are given in Table 1. This technique
identified the greatest number of lineaments and the
greatest total length of lineaments.

Table 1: The comparisons between the existed faults map and
lineaments map. 

Data source type Number Length of
of lines lines  (km)

Fault lines 275 1035
Lineament extracted 782 2139
from binary image

To test the accuracy, rose diagram has been used
for both lineament map generated from slope image
and fault map are created and major orientation of the
lineaments are compared. Both lineaments map and
fault map show, there are four major trends in the
study area. According to those rose diagrams (Figure
6), the main lineaments directions in the area are
dominated by four major trends that are NW-SE and
the other minor trends are N-S, E-W, and NE-SW.

The first system of lineaments with azimuth
orientation of N45<W is dominant in the area, the
second, third and fourth lineament systems with
azimuth orientations of N-S, N90<E and N 45< E are
subdominant in the study area. The field orientation of
fractures such as fault, joints, fissures show same
orientations of fault map and lineament extracted from
slope image.

For more accuracy of lineament map has been
computed by using GIS overlay capabilities technique
with fault map of the study area to determine where
the lineaments and faults are matched. For this purpose
a buffer zone of 30 m is assigned to the extracted
lineaments that test the matching segments between
lineaments and the faults. The output map of this
operation produces the segments in the buffer where
both lineaments and faults exist. In order to obtain
more abundant amount of informations and more
effective map-matching to improve accuracy, the
selection of the buffer size is necessary. Matching with
a low buffer size lead to results with a fewer segments
which are nearby will be matched and result in
matching accuracy not high. Matching with a high
buffer size tend to match the segments which are
actually not related to each other and will increase the
accuracy. Because of that the buffer size should be
selected depend on some considers in the work, and
buffer will be effective to improve accuracy. This
buffer is selected as 30 m considering to the lineament
map is generated from Digital Elevation Model of 30
m spatial resolution and the fault map is prepared from
geological maps with the scale 1:63,360. The result of
matching between the fault map and lineament maps is
shown in Figure 7. Total length and percentages
accuracies for matching are summarized in Table 2.

Table 2: Matching lineaments map with fault map of the study area.
Total lineament length (Km) 2139 
Total fault length (Km) 1035 
Total matching length (Km)  325.6
Matching length / Fault length (%)  31.4

Fig. 5: Fault map of the study area, from GSM[5].
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Fig. 6: Rose diagrams and direction sets. (A) Lineaments. (B) Faults, and (C) Field fractures sets. 

Total length of the matched lineaments is divided
by the total length of the faults in the area to find the
accuracy of the lineament map. This division yielded
a value of 31.4 % indicating that only about one-third
of the faults in the whole area are identified by
lineaments extraction from slope image.

In this study, enhanced slope image with linear
stretching and applied threshold values to created
binary image displayed with a gradual greyscale from
white (lower values) to black (higher values) decreasing
the cost and increasing the efficiency of detecting

lineaments over the study area. In order to check the
reliability of the result, fault map of the area is referred
as a reference. The disadvantage of this result is using
automatic lineament extraction in the final steps of this
work, where non- geological lineaments could be
extracted. Some lineaments could be positive
lineaments related to topographic features where these
features represented in the slope image and the result
also shows other lineaments could be represented as
faults compared with fault map of the area.
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Fig. 7:  Result of matching between lineaments and fault lines.
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