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ABSTRACT  

This article discusses a methodological approach to the study of modern geological processes, using 

materials from remote sensing of land to strategically important objects, monitoring reservoirs. 

Monitoring based on remote sensing data allows to quickly solve problems associated with the efficient 

use of water resources. A GIS project was compiled in the form of maps of various contents over the 

basin of the Tupolang water reservoir. 

 

Keywords: Digital Satellite Images, Satellite Imagery Processing, Lineaments, Digital Elevation Model, 

Slope Map, Hydrographic Network Map, GIS Analysis 

 

INTRODUCTION 

Tupolang water reservoir is located at Tupolang river in Sary-Assi district of Uzbekistan. The Tupolang 

River is the main tributary of the Surkhandarya River and is located on the southwestern slope of the 

Gissar Range. The slopes of the mountains are very steep, rocky, covered with snowfields and glaciers. 

The Gissar Range is characterized by a high roughness of the southern slopes. The central part of the 

Khazrati-Sultan Range (the upper reaches of the Tupolangdarya River) has several peaks that exceed the 

4000 m mark. Gullying is widespread, which is typical for regions experiencing uplift; in spring and 

autumn, accompanied by rains, they often sat down (Gonchar et al., 2019). Gissar Range is one of the 

most seismic hazardous areas in Uzbekistan.   The main purpose of the Tupolang reservoir is to cover the 

water deficit in the northern zone of the Surkhandarya region for the development of new lands and 

increase the yield of already developed agricultural crops. The dam gate is located below the confluence 

with the river. Tupolang of the right bank tributary of Zaghanasay, in the place of narrowing of the valley. 

The territory adjacent to the Tupolang reservoir, due to the long-term construction process, has lost its 

original natural appearance.  

When monitoring geological processes using the example of the basin of the Tupolang reservoir, digital 

satellite images of Landsat 7, Quick Bird and ASTER DEM were used. Processing and analysis of these 

images was carried out using EDRAS and ArcGIS software. 

  

MATERIALS AND METHODS 

Cosmological studies of the Tupolang reservoir 

When studying modern geological processes along the sides of the Tupalang reservoir, based on Earth 

remote sensing materials, digital processing of satellite images and the results of field observations were 

used. Since for studying modern geological processes, the relief serves as the main indicator of the 

manifestation of a number of geological structures of the latest and modern tectonic processes, reflected 

in the different nature of the watersheds and the hydrographic network (Sladkopevtsev, 1982). Study and 

mapping of terrain using aerospace information. Мoscow 216.). The presence of a connection between 

the geological structure and the relief underlies in the base of interpretation, as a particularly important 

sign of the geological formations reflected in the photographs. 

The main deciphering signs include the shape, size and relative position of geological bodies, the color of 

their phototone in space images, phototonic differences in terms of optical density. In addition, this 
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includes landscape features, including features of the topography, hydrographic network, soils, 

vegetation, human economic results, and natural-territorial complexes. Indicators of geological objects are 

expressed as separate components of the landscape. As is known, the landscape interpretation method is 

based on the analysis of the relationship between landscape components (geological structure, relief, 

vegetation, soils) and its elements - facies, landscapes, reflected in the images (Adzericho et al.1991); 

(Gudilin, Komarov 1978).  

 

RESULTS AND DISCUSSIONS 

Space images of the study area were subjected to preliminary and thematic processing. Below are some 

results of digital processing of space images of the study area: 

Standard channel combination (CC) RGB - 7,4,2 

The standard combination in which the composition "artificial colors" (falsecolor) is created and the 

infrared channel data is displayed in red. The standard combination of channels allows to get an image of 

the area where geological and landscape objects are painted from blue to brownish-red tones, among 

which the distribution areas of individual rock formations can be fixed (Fig. 1 and 2). 

 

 

 

 

 

 

 

 

 

 

 

  

 

     Figure 1: Landsat space image           Figure 2: QuickBird space image 
Principal component analysis (ACP) - This is a method for analyzing multispectral correlated data. The 

concept of correlated data means that with increasing values of the brightness of pixels in one spectral 

channel, the values of brightness in other spectral channels increase.  

   
               Figure 3: ACP method              Figure 4: RGB-IT method 
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RGB-ITS transformation 

With an excess of the spectral range and many images, it is often necessary to present the available 

sounding data in a compressed form and to identify the main components of the image. This processing 

technique "sifts" different, smaller, types of information (vegetation, humidity, etc.) contained in the 

image, and on its basis produces a single standard color composition. Such images make it possible to 

distinguish different types of rocks of different ages colored in different tones, including Quaternary and 

modern formations that differ in age and composition (the composition of the predominant detrital 

material determines the color of the distribution range of a particular thickness) (Kashkin and Suhinin, 

2001).. This is clearly seen in figure 3. 

The ITS method (intensity, hue and saturation) - includes the change in color characteristics during the 

linear processing of digital matrices. In general, color can be clearly defined through 3 parameters; 1. 

Intensity determines the level of illumination and clouding of colors and corresponds to the amount of 

reflection energy. It changes from 0 to 100%, with a minimum and a maximum, the image disappears; 2. 

The tone determines the prevailing natural color of the sensed surface, reflected from the geo-object and 

arises due to radiation with a certain beam length, expressed in degrees: from 0 to 360°; 3.  Saturation. 

Pure color on a standard color bar, increases from the center to the edge and is measured from 0 (gray) to 

100% (clean, purified). These three parameters create the necessary conditions for establishing the color 

of objects. Each color system has its own axis, directed in a specific coordinate. In general, the ITS 

technique is based on adjusting the coordinates of the axes of the entire system by visual perception and 

creating a color composition of images. As a result, heterogeneous rocks have individual color 

characteristics (Figure. 4) (Guk et al., 2013).  

Kirsch method 

The Kirsch method is an operator with masks, each of which is oriented in a direction. Achieved by 

rotating the base operator. On the image of the study area (Figure. 5), linear and isometric structures are 

clearly visible, as well as small fractures located within the fold structure, intramountain depressions and 

foothill plains. Their contours are traced in the form of black, white, sometimes paired lines of various 

lengths. The most dense network of lineaments is noted within the Paleozoic basement outcrops, in 

conditions of openness and semi-closed surface and their sparseness in the flat areas is noticeable. (Glukh 

A.K. et all., 1982)                                                                           

                                                             
     Figure 5: Kirsch method                                              Figure 6: Sobel method 
 

Sobel method 

In photographs processed by the Sobel method, structural inhomogeneities appeared less contrasting. This 

method allows to fix disjunctive objects away from folded structures. On the processed image (Figure 6), 
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the contours of the fracture zones and their internal structure are especially clearly visible.(Gashnikov et 

al., 2003). 

Compilation of digital elevation model (DEM) of the studied area 

Modern research based on GIS technology, processing of remote sensing data, analysis and interpretation 

of the materials obtained is accompanied by the construction of a digital terrain model that allows you to 

build 3D - visualization of all spatial data. This is due to the fact that the relief is one of the main 

characteristics of the surface that determine the appearance of the remote image. Even small changes in 

the height of the relief, the degree and nature of its fragmentation noticeably affect its integrated optical 

properties and are recorded in the images.  For the compilation of DEMs, SRTM radar images with a 

resolution of 30 meters were used. Radar images contain not only geographical coordinates (x, y), but 

also Z-coordinates (elevations). Using the ArcGIS software package makes it possible to build a digital 

elevation model and its derived maps (Figure. 7). 

 
                     Figure 7: Digital elevation model (DEM) based on a radar image 

Working in ArcGIS allowed us to build a map that displays absolute elevations in the form of contours. 

Figure 8 shows a contour map with contours every 50 m. This map is an alternative to a topographic map. 

 
                 Figure 8: Relief contour map with contours every 50m 
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Compilation of hydrographic network map 

DEM modelling in ArcGIS made it possible to obtain a map of the hydrographic network, including 

permanent and temporary watercourses of the study area (Figure. 9). The hydrographic network is also 

one of the main indicative signs of the reflection of geological structures in satellite images. The river 

network is recognized up to the fifth - sixth order. In addition to the river network, cosmophotographs 

establish the type, shape of river valleys, the boundary of catchments and river basins. To characterize the 

basin, its length, average width, area, shape, density of the river network are determined. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

           Figure 9: Hydrographic chart, based on the radar satellite image 
. 

 
                                                     Figure 11:  Slope map 
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Compilation of slope map 

To build a slope map, the Slope function is used, where the maximum level of data change from a specific 

pixel to the previous one is calculated. The calculation is carried out as follows: the maximum change in 

elevation is the distance between the cell and its eight neighbours, this method calculates the steepest 

inclined descent from the cell. 

Figure 11 shows a map of the slopes. Using these maps, the nature of the steepness of the studied slopes 

can be determined. On the map, the steepest slopes (slope angle from 46-67 degrees) have a red 

phototone, and flat terrain (angle from 0-10 degrees) have a green phototone 

The Aspect method 
The Aspect method is one of the priority methods in studying the characteristics of the relief. The data 

obtained by the Aspect method is oriented and graduated by 22.5 degrees relative to the cardinal points. 

In Figure 12, the north-oriented slopes (0-22.5 and 337.5-360 degrees) have a red phototone, the east-

oriented slopes (67.5-112.5 degrees extend) have a yellow phototone, and the remaining slopes are 

oriented to other parts of the world are given in the symbol of the map (Tsibulski, 2005).  

 

 
Figure 12:  Slope orientation map using Aspect function 

 

In the study area, the orientation, location, interval and gradient of the contour lines of the horizontal 

dissection of the relief are quite complex, mainly depending on the prevailing factor. The prevailing 

factors depending on local conditions may be various faults, ravines, gullies, dry lands, river system, etc. 

(Gonchar, 2019). The orientation of the contour lines in the study area is different; here the prevailing 

factor in the density of the horizontal dissection of the relief is the latest and modern tectonics. 

Therefore, the orientation of the contours corresponds to the faults strike. The greatest density of the 

contour lines is characterized by the fault zone (lineament), where the maximum value of the density of 

the horizontal dissection of the relief is observed (3.6 km/km
2
). 

The angles of inclination of the surface of morphostructures vary from 3° to 45°. Along with other 

morphometric indicators of the relief, they are closely related to the amplitude of dissection. There are 

two areas with relief angles of over 45° (rocks, landslides, talus deposits). (Kats, 1988).  

 



International Journal of Geology, Earth & Environmental Sciences ISSN: 2277-2081 

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm 

2019 Vol. 9 (3) September-December, pp. 41-48/Abduazimkhodjaev 

Research Article 

 Centre for Info Bio Technology (CIBTech)  47 

 

Automated linear structures analysis of remote sensing materials 

A.A. Zlatopolsky, according to the SRTM (Shuttle radar topographic mission), analyzed about 30 

different parts of the earth's surface in a very wide range of scales. He proposed a hypothesis on the 

existence of a hierarchy of valleys with statically quantized width values. The technique is called LESSA 

(Lineament Extraction and Stripe Statistical Analysis) and differs significantly from the usual lineament 

analysis both in the principle of revealing the initial linear elements and in the methods of their analysis. 

ERDAS includes the LESSA module (Linear Extraction and Statistical Analysis Strip), which is used in 

geological and seismological zoning to study lineaments. A comparison of the results obtained by visual 

and automated interpolation shows their good precision, which causes a certain confidence in the method 

(Zlatopolsky, Malkin, 2004). 

The LESSA (Lineament Extraction and Stripe Statistical Analysis) module is included in the ERDAS 

program, which is used in geological and seismological zoning to study linear structures. Based on the 

results of the analysis of the processed satellite images and visual interpretation, a structural map of 

studied territory based on space image was compiled (Fig. 13). The map shows linear structures.   

 

 
Figure 13: Structural map of studied territory based on space image 

 

CONCLUSIONS 

In this work, a study was made of all available distance materials in the research area, and also on the 

basis of cartographic and field data a GIS project was compiled in the environment of ArcGIS, 

GlobalMapper, ArcView, MapInfo, Surpack software products, which consists of 13 thematic 

layers. Data from a digital elevation model based on radar imagery was integrated into Landsat's satellite 

imagery. As a result, digital models are obtained, which are based on the processed data of remote 

sensing. We, using the relief, hydrographic network and vegetation as the main feature, in addition to 

previously mapped structural objects, identified linear structures. Remote materials made it possible to 

reinterpret the geological and tectonic structure of the Tupolang reservoir. Using a decryption method, a 

network of faults of various orders (from fissility to faults and linear structures) is mapped, which 

objectively reflects fault-fractured structures. Processed digital materials by CC, ACP, ITS, Mincomp, etc. 

methods are the most informative for mapping of geological-material and structural complexes. Analysis 

of the results of digital processing of satellite images by the methods of Kirsch, Sobel, Index IV, etc., 

which, based on the characteristics of the picture, texture of the image, relief and tone, made it possible to 
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map numerous linear and arched structures that were not present on previously compiled geological and 

structural maps, as well as highlight new objects within the study area. 
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