Winter 2020, Vol 9 (4): 374-391 Adv. Appl. Geol. “\ r“

Shahid Chamran U

Automatic lineament extraction from ASTER images using the Hough transform,
JabalBarez 1:100000 sheet

Mahyadin Mohammadpour?, Khaled Alahveisi?, Abbas Bahroudi=**

1- School of Mining Engineering, College of Engineering, University of Tehran, Iran
2- Mining Department, Isfahan University of Technology, Isfahan, Iran
3- Department of Geoscience, University of Calgary, 2500 University Drive NW, Calgary, AB, Canada

Keywords: Automatic lineament extraction, Edge detection, CANNY algorithm, Hough transform, Jebal-Barez

1-Introduction

The detection and extraction of geological lineaments are commonly applicable to the selection of right places for
structures such as dams, bridges and roads (Charnpratheep et al., 1997; Mukherjee, 1999; Sener et al., 2011), water
resources and hydrogeology studies (Chowdary et al., 2009; Krishnamurthy et al., 1996) and mineral exploration
(Cooper, 2010; Lee et al., 2012). Due to the lack of access to some regions, as well as the need for time and cost to
study large regions, researchers need to utilize more satellite imagery in geology and mineral exploration
(Karimpour and Malekzadeh Shafaroudi, 2016). There are three methods, visual, semi-automatic, and automatic,
for processing satellite images to detect lineaments (Rahnama and Gloaguen, 2014). Lineaments entirely
determined in automatic methods. This method uses linear object algorithms such as Hough and Radon Transform
algorithms. The success of automatic extraction of lineaments depends on the reliability and accuracy of the edge
detection mechanism (Karantzalos and Argialas, 2006; Wiladis, 1999). The automatic methods save time and cause
the objectivity in improving the process of lineament extraction (Masoud and Koike, 2011; Rahnama and
Gloaguen, 2014). Zhang et al. (2006) utilized the Radon transform for automatic extraction of lineaments (Zhang et
al., 2006). Biswas and Sil (2012) developed the improved Canny edge detection algorithm to detect lines and
development photos on the image (Biswas and Sil, 2012). Rahnama and Gloaguen (2014) analyzed lineaments on
satellite images and implemented a Digital Elevation Model (DEM) using the Hough Transform algorithm
(Rahnama and Gloaguen, 2014). Sanjay and Naoghare (2015) utilized the Canny method using two thresholds in
the detection of lines (Sanjay and Naoghare, 2015). Among various methods to extract lineaments, those methods
which are based on a combination of edge detector filters and Hough transform, yield the reliable and better results
(Argialas et al., 2004; Fitton and Cox, 1998). The present research sought to use the optimized Canny algorithm
and linear Hough transform as fully automatic methods to detect geological lineaments. This method applied on
images of the ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) sensor on Jebal-e-
Barez geological map. This Map is vital in terms of porphyry copper mineralization that is controlled mainly by
tectonic fractures.

2-Methodology

The present study aimed to provide an optimized method for precise extraction of lineaments using satellite images.
The proposed algorithm consisted of several implemented steps in MATLAB, as shown in Figure 1. First, the
radiometric and geometric pre-processing carried out on satellite images, and then images were developed (become
apparent) using the contrast stretching. The operation softened and reduced noise on images, and appropriate
images obtained for Canny filtering. Edges of images were then detected, and the entry of false edges to the next
stage was prevented by applying thresholds by Hysteresis method using Canny algorithms. Hough Transform was
used to detect lines. Then tectonic lineaments developed at the post-processing stage; and the subsequent tectonic
relationship with porphyry copper mineralization was then examined (Fig. 1).
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Fig. 1. Chart of implementation of proposed method in the research.

3- Results and discussion

Lines of ASTER sensor images were extracted by applying the Hough transform after implementation of different stages
of study according to the chart (Fig. 1), and then lineaments relating to faults were detected in the region. Figure 2 shows
the final fault map of region extracted from the application of a fully automatic method. Rose diagram relating to Jebal
Barez mining area was drawn after determining lineaments, and it showed the dominance of regional faults trend the
Northwest-Southeast. The map of the density of regional lineaments was drawn in ArcGIS, and well-known mineral
indices in the region were compared to the map. 17 out of 22 indices had a high density (77.2%). It confirmed the close
relationship between the densities of faults with porphyry copper indices. High-density regions are essential in terms of
exploration, and thus, exploration proposed for discovering copper deposits in these regions. Results of this study were
matched with ground-based faults. Results of the algorithm had an overlapping of 63.65% with faults in the geological
map. This value is desirable considering that some faults of the region are hidden and others are probable.
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Fig. 2. Final map of extracted regional faults by application of a full-automatic method using the Canny edge
detection and Hough Transform algorithms.

4- Conclusion
The following results were obtained from the present research:

1- In the process of extraction of lineaments from satellite images, fully automatic methods increased
precision and saved time and cost in comparison to semi-automatic and visual methods.

2- Canny algorithm had better performance than other edge-detection algorithms probably due to the selection
of dual thresholds and calculation of maximum local gradient of images in Canny algorithm.

3- Hough Transform was used for the automatic extraction of lines. This advantage of this method is that it
does not consider gaps between lines and thus helps to detect faults.

4- The rose diagram shows the dominant directions of fault from the North West to South East in the same
direction of main faults of Urumieh -Dokhtar belt. It confirms the influence of main faults on the porphyry
copper mineralization.

5- 77.2% of mineral indices were located in areas with high density of faults, and it confirmed the association
of structural factors with the mineralization.

6- The 63% compliance of extracted alignment of algorithm with geological faults indicates the correctness of
process.
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Fig. 11. Hough transform on the image of the studied area after applying CANNY algorithm.
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Fig. 13. The rose diagram of extracted faults by the method used in the research, which indicates the dominant direction of the region

faults along northwest-southeast.
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Fig. 14. Distribution map of lineament density in Jabal-Barez 1:100000 sheet.
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Table 1. Quantitative comparison overlapping of algorithm results and faults in geological map of the region.

Area (Km?) Overlapping Area (Km?) Non-Overlapping Area (Km?)
Buffer of algorithm 366.9397 231.3597 135.58
Buffer of geology faults 476.9816 231.3597 245.6219
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