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General issues: (maximum 1000 characters) 
Deformation and landslide tracking in mine sites are generally performed by methods such as Global 
Navigation Satellite System (GNSS), Geometric Leveling, Laser Imaging Detection and Ranging 
(LIDAR), and Unmanned Aerial Vehicle (UAV) photogrammetry. In addition, point deformations can be 
measured by using crack measuring pins, inclinometers, extensometers, and micro-seismic 
geophones. Depending on the preferred method, deformation tracking includes some negativities in 
terms of time, work load, work safety, and cost. Among these methods, although inclinometers, 
extensometer, and GNSS for determining point-based deformation give sensitive results, they produce 
point values. It requires a large number of point tracking in order to monitor the whole of the large 
mining sites and high costs arise due to complex data management. Although the ground LIDAR and 
UAV photogrammeters allow the determination of areal deformations, they produce varying results 
according to the features of the equipments used. These methods can be used in a limited way due to 
their high costs and disruption of production activities in the mine site. 
With the development of remote sensing technology in order to eliminate some of the problems in 
existing methods, the interferometric artificial aperture radar (InSAR) method has begun to be used as 
a new method in the investigation of deformations occurring on the earth. This method is based on the 
determination of deformations with the high-quality topography information. High resolution images are 
taken with signal processing technique by detecting the delays of the reflected and returning signals 
from the satellite. Unlike the existing methods, it provides a much wider working area and gives results 
in the range of centimeter precision. This method has some disadvantages as well. There are various 
techniques available in the InSAR method. Among these, the most preferred Differential Artificial 
Aperture Radar Interferometry (DInSAR) and Fixed Scatterers Interferometry (PSI, PSInSAR) 
techniques are highly effective in slowly developing deformations and landslides. Especially with the 
PSI technique, deformations can be detected with the centimeter accuracy. PSI technique deals with 
permanent reflective pixels (buildings, infrastructure, and other man-made structures, rocks, etc.). 
Artificial Aperture Radar (SAR) images used in the technique can be matched very precisely with the 
permanent scattering/reflective dots (PS). The disadvantage of this method is that it is not effective 
enough in sudden and rapidly developing deformations and landslides. The constant change of 
topography, especially in mining sites, makes it very difficult to provide sufficient PS points. 
This method uses spatial correlation of interferometric phase to find pixels with low phase change for 
analysis in all terrain types, whether or not there are prominent objects such as buildings. Coherence 
maps of the interferograms are used to determine the permanent scatterer (PS) points. If a target 
shows more fit than a suitable value, this point is selected as the PS candidate. PS points in city areas 
are generally man-made objects (buildings, roads, bridges, poles, ports, etc.) (Poyraz and Hastaoğlu, 
2020). The number and frequency of PS points is one of the most important factors for accuracy in 
determining deformation with the PSI technique (Poyraz et al., 2020). 
The PSInSAR technique has been widely used in recent years in deformation monitoring studies. The 
PSInSAR technique was used in many deformation monitoring studies such as monitoring tectonic 
movements in the Western Anatolia Menderes region (Arıkan et al., 2010), the examination of 
earthquake-induced surface movements, monitoring the landslides, monitoring the displacements in 



volcanic areas (Hooper et al., 2007),  in geological or urban areas (Meisina et al., 2006), and in 
subsidences occurring in the mining areas (Abdikan et al.,  2014). 
Figure 1. The general view of the study area is given. 
Kangal Coal Open Mine located in Kangal district of Sivas; It meets the coal needs of the Kangal 
Thermal Power Plant. The enterprise is located in the southern part of the district (39° 03' 45''N, 39° 
19' 36''E ). The largest settlement in the region is Hamal Village. The business area is 29 km from 
Kangal District. Kangal District is 80 km from Sivas, and to Malatya; It is located at a distance of 154 
km (Figure 1). In the Kalburçayırı region, where production is made, coal is in the form of two veins 
with a thickness of 7 m. The thickness of the cover on the upper seam is 42 m, and the thickness of 
the intermediate cover between the two seams is 20 m. As a side rock of coal; limestone, clayey 
limestone and marl. The operating method applied in the coal field is done with an electric excavator-
truck couple and a dragline with a bucket capacity of 70 yd3 (Gül, 2006). 
Delivered data: (maximum 1000 characters) 
For the TerraSAR-X satellite; within the limits shown in Figure 2, 92/spot_016R HH High Definition 
Spotlight images were obtained from 12072022 to 19102022 (10 images). 14082022 was chosen as 
the main image. For the Sentinel-1A satellite; within the limits shown in Figure 3, 
S1A_SLC_21_Frm_DSC VV Stripmap images were acquired from 09072022 to 25102022 (10 
images). 26082022 selected as the main image. 
Schedule: (maximum 1000 characters) 
Evaluation of the study area with satellite radar images was made with TERRASAR-X HighResolution 
Spotlight (Descending) images managed and used by the German Space Agency. In order to find the 
movements in the LOS direction, firstly, interferograms were obtained by using Delft Object-Oriented 
Radar Interferometric Software (DORIS) (Kampes vd., 2004; Kampes ve Stefania , 1999). SRTM 
(Shuttle Radar Topography Mission) data was used to eliminate the effect of topography on 
interferograms. Persistent Scatterers (PS) points were determined from the obtained interferograms 
using the Stanford Method for Persistent Scatterers (STAMPS) (Hooper vd., 2010)  software and LOS 
movements in the satellite view direction were obtained. The master_select code written for the 
selection of a picture that can be the best master image of the program was run and the master image 
was selected from the pictures with track number 92. The master_select code selects the baseline 
distance between radar images, the time of the images, and the image that can show the best 
consistency as the primary (master) image to create their combination. 
Comments: (maximum 1000 characters) 
The aim of this study; For a certain date range, the TerraSAR-X satellite, high-resolution 10 paid 
satellite radar images to be obtained from its descending orbit will be compared with the Sentinel-1A 
satellite, descending satellite radar images that correspond to approximately the same dates. 
The LOS data of the low-resolution Sentinel-1 satellite in descending orbit, which corresponds to 
approximately the same date range, and the LOS data of the high-resolution TerraSAR-X satellite 
were compared. Approximately the same velocity values were found. Figure 4. TerraSAR-X LOS map 
and Figure 5. Sentinel-1A LOS map. 
 

Table 1 TerraSAR-X and Sentinel-1A satellite average LOS velocities 
 

Point TerraSAR-X average LOS (mm/year) Sentinel-1A average LOS (mm/year) 
GPS_1 -42.0 -44.4 
GPS_2 4.7 -4.9 

 
 
 

 

 

 

 

 



Detailed report: (maximum 12000 characters) 
In this study, deformations in the Line of Sight (LOS) direction were determined by using Permanent 
Scattered Interferometric Synthetic Aperture Radar (PSInSAR) method in the Kangal Coal Open Mine 
(Sivas-Turkey) region located in the southern part of Kangal district. German Space Agency's 
TERRASAR-X HighResolution Spotlight satellite radar images and European Space Agency's 
SENTINEL-1A Stripmap satellite radar images were used to detect movements in the LOS direction. 
The results obtained are given in Table 1. 
The main differences between Sentinel-1 and TerraSAR-X satellites are; We can list TerraSAR-X 
satellite data as ordering (SAR mode, coverage area, etc.), high resolution, high gain, and precise 
orbit information. However, the Sentinel-1 satellite is still in an advantageous position with its short 
transit times (6 days when Sentinel-1A and Sentinel-1B satellites are evaluated together) and regular 
repeat transitions in large areas (Gisinger et al., 2021). Generally; Monitoring of low roughness areas 
where detailed surface information is required, examination of deformations, landslides, and landslides 
caused by infrastructure (building, road, dam construction) activities in residential areas, monitoring of 
ports and ships, monitoring of floods, water regime and agricultural activities in wetlands with short 
wavelength It is done via satellites using X band. In larger areas; In the monitoring of landslides, 
volcanic events, glacial movements, earthquakes, and deformations between earthquakes, satellites 
using C and L bands with long wavelengths are preferred (Bischoff vd., 2017; Vellotto vd., 2016; 
Meyer, 2021; Wang vd., 2021). 
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Figure 1. General 
view of the study 
area 

 



Figure 2. Working 
area and satellite 
radar coverage 
(TerraSAR-X) 

 

Figure 3. Working 
area and satellite 
radar coverage 
(Sentinel-1) 

 

Figure 4. 
TerraSAR-X LOS 
map 

 



Figure 5. 
Sentinel-1A LOS 
map 
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