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1- Introduction

Geoforms are constantly changing under the influence of human activities and natural factors, and these
changes can be defined as the change of topographic components over time or as spatial-spectral
displacement of the earth's surface cover over time (Pires et al., 2016; Makowski et al., 2017). In this regard,
it is extracting information, monitoring, detecting and evaluating geomorphic features in different periods
from the primary and controversial needs in geology and other environmental sciences. On the other hand,
remote sensing technology is a valuable and efficient tool for studying and monitoring terrestrial
phenomena (Chen et al., 2014; Chang et al., 2015; Aboutalebi et al., 2018). In recent decades, regional-
scale telemetry data due to its outstanding and unique advantages (wide coverage area, high temporal,
spatial and spectral resolution in the visible, infrared and thermal spectra, and spectral variability
Radiometry, integrated vision) and digital format suitable for computer processing have been widely used
as the most critical technology in detecting surface cover and surface features for a variety of applications
in geological studies. Also, using Geoforms has been possible to extract information, identify, analyze,
environmental monitor, model and predict future changes in land surface cover. By identifying and
extracting land texture information and edge geometry, it is possible to observe, monitor, measure, model,
and detect differences and time-series differences in phenomena, complications and land surface patterns
to prepare a map and reveal lineaments (Zhang et al., 2018; Benincasa et al., 2019; Capolongo et al., 2019;
Du et al., 2020).

Maps of lineaments and linear features of different regions are extracted visually, automatically and
semi-automatically (combination of visual and automatic methods), each of which has its own advantages
and disadvantages. For various studies and applications, visual extraction methods are one of the most
common methods for detecting lineaments, in which the user determines the location of the lineaments in
the image according to experience, skill, knowledge of the ground and image processing methods (Fitton
and Cox, 1998; Altinoglu, 2014; Hong and Nam, 2017). Regarding the application of fuzzy segmentation
methods in satellite imagery and feature detection, various methods and algorithms for edge improvement
and detection, change detection, clarification and extraction of lines using digital development data
processing. They have found that each of them has advantages and disadvantages. These methods may
show different results in the same environments. In this regard, the purpose of this study is to detect and
monitor geomorphic lineaments (ridges and thalweq) as well as to correct and reduce atmospheric effects
(shadow and cloud cover) using the technique remote sensing and fuzzy segmentation algorithms and
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radiometric features and spatial information of HR-PRS panchromatic images are also used for
segmentation images.

2- Material and methods

This study, to detect and monitor geological lines (ridges and thalweg) and correct and reduce atmospheric
effects (shadow and cloud cover) from HR-PRS panchromatic images of GeoEye-1 sensor from the
northern highlands in the Middle Zagros have been used. With a height of 681 km, this sensor receives
satellite images with a spatial resolution of 41 cm in the panchromatic band and 1.65 m in multispectral
bands in a strip 15.2 km wide on the ground. In this regard, after radiometric and geometric processing,
based on fuzzy properties, the input images are integrated with MATLAB software, and then, using MSA,
FWS, IDF and CFM algorithms (Table 1), fuzzy segmentation of HR-PRS panchromatic images was
performed. In these methods, fuzzy clustering is performed several times for different clusters (from Cmin
to Cmax ) and is determined by evaluating the clustering output and selecting the best number of regions
(C” ). Also, in the processing stage, the image is clustered to reach a certain number of clusters, so fuzzy
segmentation is done after applying Defuzzification. Using these methods and based on fuzzy
characteristics, the input images were fusion and then, using fuzzy clustering, in this research, fusion
output, which has a fuzzy nature, has been used as an intermediate output for segmentation. In this regard,
DN values and histological and radiometric properties have been used to improve the performance of fuzzy
segmentation. In this way, in the studied images, pixels with the same row and column represent the same
geographical position on the ground and are ready to be segmented. Finally, the studied fuzzy clustering
algorithms with fuzzy parameters are applied to the input HR-PRS images, and the results are discussed

Table 1: Fuzzy segmentation methods studied

Row | segmentation Method Explanation Reference
1 Mean-Shift Algorithm It is one of the most common methods in segmentation all (Ming et al, 2012;
(MSA) types of images, especially panchromatic images. Bayram et al, 2018)
2 ﬁé?ﬁsggﬂn';uégpﬂ A multi-image segmentation method is based on the usual (Naeini et al, 2013;
(CFM) fussion methods (at the pixel level) and FCM. Zheng et al, 2019)
3
Fuzzy Watershed It is one of the most common methods in segmentation all (nggg inude\:\gl)lﬁ'
Segmentation (FWS) types of images, especially panchromatic images. 2:015) )
4 Interval-valued Data One _of the_latest methods that e_xtra_cts the fuzzy feature from (Fourie, 2015; Yu et
= IDF the input image and segmentation it using the fuzzy feature | 2014
uzzy c-means (IDF) with periodic numbers using FCM. al, )

3- Results and discussions

In order to compare and analyze the performance of fuzzy clustering algorithms in the segmentation
process, MSA, FWS, IDF and CFM algorithms were applied and processed on HR-PRS panchromatic
images of the study area. In this regard, the performance of the studied algorithms according to two spatial
and radiometric qualitative criteria in the fuzzy segmentation of the study area was investigated.

Criterion 1: In this spatial criterion, the precise segmentation and detection of ridges (lines
corresponding to the highest mountain peaks) and thalweg (lines corresponding to the valleys with the

lowest height) are referred to as lineaments; it is considered from the surrounding environment.

Criterion 2: In this radiometric criterion, segmentation is considered independent of unwanted factors,
such as covering the clouds and their shadows in the input image and marked with circles (Fig 4).

The results of fuzzy segmentation and comparison of the studied algorithms show that the Interval-
valued Data Fuzzy c-means (IDF) method in the study area performs better than other methods for fuzzy
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segmentation and lineaments detection. Furthermore, in general, it has the best performance in detecting
lineaments and surface features. The Classical Fusion Method (CFM) and the Mean-Shift Algorithm
(MSA) also detect lineaments. However, due to their sensitivity to noise, they face the problem of creating
additional borders and have a moderate performance in detecting the texture of areas of the image covered
by the shadow of clouds. As a result, as shown in (Figures 3-c and d), it has not well identified the main

boundaries in the shadow and cloud cover area, which is the criterion for radiometric evaluation.

4- Conclusion

This study proves the effectiveness and efficiency of the segmentation methods studied in identifying and
removing cloud cover and shadows from remote sensing images. These findings offer new ideas for remote
sensing studies, especially in precise information extraction from images and image processing. Therefore,
according to the research results, fuzzy clustering algorithms are a suitable and optimal method for
integrating HR-PRS satellite image information to detect fuzzy lineaments and segmentation. Applying the
studied fuzzy segmentation algorithms to the study area shows that the Interval-valued Data Fuzzy c-means
(IDF) method best detects lineaments. However, the difference in the performance of this algorithm is in
the fuzzy segmentation of the lineaments in the cloud shadow because of radiometric, that is due to the use
of fuzzy numbers, noise resistance and remote data, and textural, structural and spectral properties for
efficient clustering and target identification in this method. Also, in this regard, and considering the
desirable properties of fuzzy clustering algorithms, it can be said that the use of fuzzy numbers and fuzzy
properties of the usual type (Gaussian) are the best features for the segmentation and detection of
lineaments and using existing metrics for numbers. Fuzzy, each of which will give a different property to
the segmentation output, as well as fuzzy membership degrees and distance parameters, can generally lead
to better results in Fuzzy C-Means (FCM) and fuzzy segmentation using HR-PRS satellite imagery.
Furthermore, because HR-PRS panchromatic images are used for fuzzy segmentation in this study, in future
research, fuzzy clustering algorithms can be applied to multispectral and hyperspectral images according
to the intended application. The entropy of the pixel membership degrees can also be used to reveal
lineaments and boundaries between regions and how to pass from one region to another and by using the
local and general spatial relationships of the pixels while using normal fuzzy numbers and GG-FCM
clustering method, images with fuzzy parameters in an efficient and optimal method in the target areas and
have a desirable performance for more robust fuzzy clustering; Because of the ambiguity in the input
numbers, it is better that other parameters affecting clustering are also fuzzy and ambiguous.
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