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1- Introduction

Human activities, such as mining, constructing highways, and building infrastructures like dams
and industrial facilities, have caused significant damage to many natural ecosystems. In addition to
disrupting the balance of these ecosystems, some of these activities have led to considerable
pollution. Traditional methods, such as geostatistics and geophysics, while helpful info helpful in
identifying contaminated areas and measuring the extent of pollution, are often costly, time-
consuming, and come with helpful in identifying areas and measuring the extent of pollution, are
often expensive, time-consuming and come with various limitations. To address these limitations,
remote sensing data can provide an effective solution. The foundation of remote sensing lies in the
spectral frequencies or images captured through satellite or drone equipment. Remote sensing data
processing methods for identifying the type and estimating the extent of soil contamination fall into
three main categories: physical models, mathematical models, and physics-based mathematical
models. Given the various challenges associated with remote sensing of pollution in mining areas
and their surroundings and the limited research conducted—particularly in Iran—this study
addresses a critical important important important necessary conducted undertaken—particularly in
Iran—this study addresses the essential gap. Iran hosts numerous mining sites in or near critical
environmental ecosystems, making pollution management in these areas a pressing issue. This
research proposes a method combining fuzzy clustering and edge-based features to identify surface
and physical soil contamination caused by mining activities and coal-washing waste from the
eastern Alborz coal preparation plant. This approach uses Sentinel-2 satellite imagery at a
1:100,000 scale for the studied mining area. The study focuses on the eastern Alborz coal mining
region in Semnan Province, Iran. This area lies 140 kilometers from the provincial capital, 25
kilometers northeast of Damghan, and 75 kilometers from Shahroud.

2- Materials and Methods
Figure 1 illustrates the block diagram of the proposed method. According to this diagram, the
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process begins with receiving satellite imagery across all bands as input. Each band is then
individually subjected to sharpening (enhancing edge features) and edge detection processing. The
resulting edge images are used as input for the Fuzzy Local Information C-Means (FLICM)
clustering algorithm, an improved version of the Fuzzy C-Means (FCM) clustering method [1, 2].
Additionally, superpixel extraction [3, 4] is applied to the images. The results from these two
classifications are subsequently fused to produce the final output. Since the boundaries exhibit
significant differences and neither can be prioritized over the other, a composite image is initially
created at this stage with all the boundaries from both methods. After combining the results of the
two methods, the region corresponding to the contamination is identified and extracted as the target
segment from the image. In the region extraction stage, candidate areas are selected based on the
dominant brightness level, which, in coal regions, is expected to be dark. A threshold is defined to
identify these areas. Since the brightness level may not be uniformly black across all pixels in a
region, it is assumed that if more than 60% of the pixels fall within the selected threshold range, the
region meets the desired brightness criteria. Upon analyzing the results, it was observed that
shadowed areas of the image, which appear dark, were also mistakenly identified as contaminated
regions using this criterion. These shadowed regions generally have a more uniform texture or, in
other words, exhibit relatively low brightness variance, as surface features or materials do not
influence their variations. Conversely, if a region shows extremely high pixel variability, it indicates
an incorrect selection or improper segmentation and must be excluded. The variance of brightness
changes in the selected regions was also considered in addition to brightness levels to address this
issue. This approach helped eliminate shadowed areas while simultaneously preserving coal regions
and actual contamination zones. The final criterion applied is the normalized range of variations.
The normalized range of variations is the difference between the maximum and minimum
brightness intensity of the selected region, which is calculated and divided by the mean brightness
intensity of the region. The resulting value is then used as the selection criterion.
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Figure 1: Block diagram of the proposed method
3- Results

In this study, Sentinel-2 satellite images were used. These are multispectral images comprising
13 different bands. Bands 2 through 8A of the Sentinel-2 satellite were selected, and other bands
designed explicitly for detecting clouds, water vapor, and airborne particles were not considered for
the segmentation process. Two operators were considered for segmentation: combining the RGB
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and infrared band with equal weighting and using the maximum intensity from the RGB and
infrared band to represent each point simultaneously. The final result is presented in Figure 2. A
field experiment of 20 randomly sampled points from the selected region confirmed the accuracy of
the area identified by the proposed method.
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Figure 2: Final segmented image
4- Conclusion

This study proposed a method based on processing multispectral satellite imagery and remote
sensing for segmenting contaminated areas at a 1:100,000 scale in Damghan. After processing steps
and threshold analysis in the panchromatic image, the resulting image was refined by considering
the maximum brightness intensity of the bands at a 10-meter wavelength and using cloud-free, clear
images of the region to produce an initial segmentation of the area. After the segmentation of the
region was determined, statistical features such as brightness intensity, brightness variance, and
normalized brightness variation range were used to differentiate between shadows caused by terrain
features and the contaminated areas associated with coal waste. Ultimately, the quality of the final
segmentation was evaluated using various threshold levels and methods, with all conditions
analyzed in detail. The output quality achieved by this method in the studied mining area is
comparable to the latest manual visual techniques and demonstrates high accuracy. Additionally,
given its reliance on the visual spectrum in satellite imagery, the proposed method can be applied to
detect any mining contamination with brightness intensity distinct from the surrounding region,
demonstrating notable flexibility. As a suggestion for future research, this method could be
implemented in similar mining areas across the country, such as Parvadeh in Tabas, to identify and
map the locations of their contamination deposits.
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