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Abstract  
Computer processing and analysis of satellite images are key stages in solving many problems 

of modern geology. Important objects of study are straight-line elements of images 

corresponding to natural linear features of the landscape – riverbeds, mountain ranges, 

vegetation boundaries, elongated chains of lakes or swamps, etc. Such elements are called 

lineaments and correspond to deep-seated rectilinear geological structures. Lineaments form 

networks that include several systems of fixed azimuths characteristic for the entire surface of 

the Earth. Analysis of lineaments and their spatial networks helps to investigate the deep 

structure of territories and solve various geological problems, including forecasting mineral 

resources and assessing seismic hazards. For this purpose, an information system was 

developed. It is aimed at estimating spatial characteristics of linear element networks derived 

from satellite images. The system allows evaluating various mathematical transformants of the 

original lineaments and their networks, generating ensembles of characteristics, each of which 

represents certain aspects of the spatial distribution of lineaments. The lineaments can be used 

directly to solve certain problems, as well as serve as initial data for various methods of data 

analysis, for example, reference classification, clustering, etc.  

The article describes the specifics of natural lineament representation on satellite images, as 

well as approaches to their extraction. The description of 4 groups of spatial characteristics 

calculated using the developed information system, is given. The practical result of their use 

in solving the problem of gold ore forecasting on the territory of Uzbekistan is described, which 

demonstrates the high potential of the developed system. The system allows identifying large 

linear elements that are not directly distinguished in the images. 

 

Keywords  1 
Information system, satellite images, lineament, spatial analysis, GIS RAPID  

1. Introduction 

Lineament analysis of satellite images is an important area of modern geological research. It includes 

extraction, processing, and subsequent investigating of linear structures of natural origin, the so-called 

lineaments. Satellite image lineaments are their rectilinear fragments (Fig.1), corresponding to linear deep 

inhomogeneities of the Earth’s crust, to which linear fragments correspond on the surface: a) hydrographic 

network, b) geological boundaries observable on the surface, c) vegetation boundaries of different types, 

and d) chains of small polygonal objects (such as lakes, etc.).  
At the present time, there is a stable conception of the lineaments relationship with systems of 

various orders deep and near-surface faults, lines of maximum geodynamic activity, force lines of 
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tectonic stress fields, as well as zones of increased permeability of the Earth’s crust, etc. [1]. Lineaments 

may correspond to flumes of various solutes, zones of intense fluid dynamics, linear areas of improved 

reservoir fluid properties and, thus, can be used as direct indicators in the forecast and prospecting of 

mineral deposits. This substantiates the relevance and usefulness of lineament analysis. 
 

 
Figure 1: Examples of natural lineaments in satellite images 

A peculiarity of such lineaments is their grouping into systems of certain fixed directions. The location 

of lineaments on the earth's surface is not random but obeys certain rules. Many researchers emphasize 

the presence of several basic fixed azimuths of lineaments orientation. Usually, there are 4 azimuths – 0, 

45, 90, 135 [2-5]; azimuths of 30, 60, 120, and 150 are less common. Some researchers, for example, in 

[6-8], distinguish other azimuths of lineament systems orientation, not denying the dominant role of 

lineaments of sublatitudinal, submeridional, and two diagonal systems. The numerous authors’ studies on 

lineament orientation in different parts of the Earth also confirm their dominant role [9]. 

 There is a global network of lineaments, which significantly controls the localization of mineral 

deposits [10, 11]. A high percentage of known deposits are located within 1-5 km from regional linear 

elements [12].  

These factors lead to the exceptional importance of improving the lineaments extraction and analysis 

quality as an important stage in solving predictive and prospecting geological problems. 



2. Related Works  

At present, the idea of automatic lineament detection and their statistical, morphometric, and spatial 

analysis is practically implemented in several ways. 

Firstly, specialized algorithms and information systems are being developed, designed either only 

for automatic lineament extraction with their subsequent visual analysis, or for also providing some 

analysis opportunities, including the calculation of spatial statistical characteristics (density of 

lineaments, estimates of their orientation, etc.) [13, 14]. Some of the software is completely original 

developments, and some are modules created using the API of well-known systems, such as ArcGIS or 

Matlab.  

Most lineament researchers take analyze lineaments in a different way based on customizing the 

individual tools of advanced and popular geoinformation systems (GIS) and geological information 

processing systems [15]. The most frequently used systems are ArcGIS, ERDAS Imagine, PCI 

Geomatica, ENVI, GeoRose, RockWorks, etc. [16]. Although these systems are not usually developed 

for lineament analysis, they contain a number of tools that can be successfully used, for example, for 

statistical analysis of linear objects and study of their spatial distribution. Often a combination of 

systems is used. In this case, their integration is provided at the level of data formats import-export, 

which complicates the analysis process, but provides a wider range of available tools. 

The described approaches have their advantages and disadvantages. The advantages of specialized 

systems and modules are their focus on solving the problems of lineament analysis and a simpler 

interface, which provides the user with ease of operation and speed of development. The most important 

drawback is the limited toolkit, which does not allow solving related tasks and necessitates involving 

additional software. 

The benefits and advantages of the approach based on the use of non-specialized systems are directly 

opposite. The complexity of their development and application is compensated by the ease of use of 

intermediate and final results in other modules when solving related problems [17]. 

The mentioned shortcomings were the reason for the creation of the information system described 

in this paper, which combines the advantages of these approaches with an attempt to minimize their 

shortcomings. 

3. Proposed Methodology 

3.1 Lineament Systems Extraction  

Lineaments corresponding to linear natural formations have several features distinguishing them 

from linear objects of anthropogenic origin (such as roads, agricultural field boundaries, etc.). Natural 

formations, in addition to the fact that they often do not have clear boundaries (such as swamps), are 

repeatedly disturbed by horizontal tectonic movements. As a result, they are usually fragmented, ripped, 

and rotated relative to their initial position. This significantly complicates their extraction, so the known 

automatic methods of linear contours extraction (recognition) become ineffective or insufficient. 

Currently, automatic extraction of lineaments (hereinafter – ALE) and their systems is performed in two 

stages: 1) generation of a binary contour map (by some mask algorithm, for example, the optimal Canny 

edge detector [18]), which corresponds to the boundaries of a sharp change in image brightness and 2) their 

subsequent processing for vector linear objects extraction. The second stage can be implemented as an object 

vectorization procedure and is usually performed based on the Hough transform and its various 

modifications. The Hough transform allows extraction of straight lines on a contour image with a predefined 

accuracy [19].  

The idea of the Hough transform is to find curves going through a sufficient number of points of 

interest (i.e., single pixels on brightness boundary maps). The set of curves on a plane, determined by 

the parametric equation, looks as follows:  
 

𝐹(𝑎1, 𝑎2, … , 𝑎𝑛, 𝑥, 𝑦)  =  0,                                                 (1) 
 



where F – some function; a1, a2, …, an – parameters of a set of curves; x, y – coordinates on a plane.  

The parameters of a set of curves form a phase space, each point of which (specific values of the 

parameters a1, a2, …, an) corresponds to a certain curve. Due to the discreteness of digital images, it is 

required to convert the continuous phase space into a discrete one. For this, a network is introduced in the 

phase space, dividing it into cells, each of which corresponds to a set of curves with close parameter values. 

Each cell of the phase space can be associated with a counter indicating the number of points of interest in 

the image that belong to at least one of the curves corresponding to this cell. The analysis of the cell counters 

allows to find the curves with the largest number of points of interest. There are many modifications and 

varieties of Hough transforms that usually give better results than the basic Hough transform.  

To date, many computer methods and information technologies of lineament automatic extraction 

have been created [4, 20-22]. However, despite the developed mathematical and software tools for the 

automated extraction of brightness boundaries and lineaments based on the Canny detector and the 

Hough transform, their use in geology has some fundamental difficulties indicated above. Therefore, 

the so-called "interactive" extraction of lineaments (IEL) is performed by an expert decoder manually 

from the analyzed image. The final decision on extracting or not extracting the lineament is made by 

an expert [23]. 

Both approaches have their advantages and disadvantages. The declared advantages of ALE are 

rapidity and simplicity of operation, as well as the objectivity of the results obtained. At the same time, 

the main disadvantages that are traditionally attributed to IEL are subjectivity and the requirement for 

the high qualifications of a decoder (preferably, several decoders) to obtain reliable results. However, 

in practice, the automatic approach is subjective to some degree: a specialist can influence the results 

of lineaments extraction through the choice of software, a specific algorithm, methods of image 

preprocessing, various parameters, and threshold values. 

Therefore, automatic extraction should necessarily be supported by an interactive one using GIS 

tools, the knowledge and experience of a geologist-decoder, and the colossal recognition capabilities of 

the human brain when working with 2D images. 

3.2 Calculation of Lineament Network Characteristics 

The most important stage of lineament analysis is estimation of spatial characteristics of the previously 

extracted lineaments and their systems. Characteristics are evaluated using a variety of mathematical functions 

that transform vector or binary lineament maps into raster grids, where each cell is assigned some integer or 

real value. The obtained characteristics can be both of independent importance in solving forecast problems or 

can be used in further calculations as input data. 

In this regard, a subsystem for estimation the lineament networks characteristics was developed as 

a part of the geoinformation system RAPID, developed by specialists of the Dnipro University of 

Technology [24, 25].  

The GIS RAPID is focused on processing and intelligent analysis of heterogeneous and multi-level 

geodata, and allows, on general methodological principles, to solve a wide range of the Earth sciences 

issues – mineral deposits forecasting, territories regionalization, monitoring, and forecasting of various 

geoecological situations, etc.  

The system includes data management core, and a set of about 100 modules grouped into functional 

subsystems with a single user interface. The system core is a software package consisting of two 

components. The first is responsible for calling individual modules, for data exchange between different 

modules (that solve specific tasks of data processing and analysis), as well as between GIS RAPID and 

such well-known systems as ArcGIS, Micromine, Surfer, and others. The second is embedded in all 

functional modules, manages data streams, and provides reading, writing, deleting, visualizing tools and 

simple transformations (smoothing, filling gaps, normalization) [25]. 

The GIS RAPID technology is based on the methods of Data Mining, image processing [24], 

mathematical statistics, lineament, and spatial geoinformation analysis [25]. It implements the principle 

of multivariate problem solving using simulation and computational experiments. 

Four subtypes of lineament network characteristics are implemented. All of them are calculated using the 

sliding vicinity (window) principle when the pixels values falling inside a rectangular or elliptical region of a 

fixed size are used for calculations, and the result is assigned to the central pixel of a window. A sliding vicinity 



moves across the image in such a way that its center consistently coincides with all the pixels of the image 

(except for the edge ones, so-called "borders"). 

The first subtype of characteristics is based on all the extracted lineaments and provides information 

about: 

- the density of lineaments (the number of lineaments in the vicinity divided by its area); 

- the total length of lineaments inside a vicinity (total length of lineaments inside a window, 

divided by its area); 

- the average length of lineaments within a vicinity; 

- the density of lineaments intersection nodes (the number of lineaments intersections divided by 

the vicinity area); 

- the number of lineament directions in a vicinity; 

- the prevailing azimuth of the lineaments, etc. 

The second subtype transformations are based on calculating the characteristics of the lineaments of 

individual fixed azimuths. As mentioned earlier, there are two main systems of lineaments with 

azimuths 0-90º and 45-135º. In some areas, there are also other systems, for example, with azimuths of 

30-120º or 60-150º. Based on the rose diagram analysis of lineament distribution in the study area, it is 

possible to determine the number and azimuths of lineaments prevailing directions and, using a sliding 

vicinity, calculate their characteristics, in particular, density, in a network cells. 

Transformations of the third subtype are based on the calculation of various ratios between the 

densities of differently oriented lineaments. If there are 4 main directions with azimuths 0, 45, 90, and 

135º, the following characteristics can be evaluated: 
 

L1=
𝑁0+𝑁90

𝑁45+𝑁135
,                   (2) 

L2=|𝑁0 − 𝑁90| + |𝑁45 + 𝑁135|,                (3) 

L3=
𝑁0+𝑁90

𝑁0+𝑁90+𝑁45+𝑁135
,                  (4) 

L4=
𝑁0

𝑁0+𝑁45+𝑁90+𝑁135
,                  (5) 

L5=
𝑁90

𝑁90+𝑁90+𝑁90+𝑁135
,                  (6) 

L6=
𝑁0

𝑁45+𝑁90+𝑁135
,                  (7) 

L7=
𝑁90

𝑁0+𝑁45+𝑁135
,                  (8) 

L8=𝐷(𝑁0, 𝑁90, 𝑁45, 𝑁135),                 (9) 

L9=max(𝑁0, 𝑁90, 𝑁45, 𝑁135),                             (10) 

 L10=min(𝑁0, 𝑁90, 𝑁45, 𝑁135),                 (11) 

L11=𝐿10 −
𝑁0+𝑁90+𝑁45+𝑁135

4
,                 (12) 

L12={

1   𝑖𝑓  𝐿10 = 𝑁0

2   𝑖𝑓  𝐿10 = 𝑁45

3   𝑖𝑓  𝐿10 = 𝑁90

4   𝑖𝑓  𝐿10 = 𝑁135

,  L13={

1   𝑖𝑓  𝐿11 = 𝑁0

2   𝑖𝑓  𝐿11 = 𝑁45

3   𝑖𝑓  𝐿11 = 𝑁90

4   𝑖𝑓  𝐿11 = 𝑁135

                           (13) 

 

where N0, N90, N45, N135 – density of lineaments with azimuths, respectively, 022.5, 4522.5, 

9022.5, and 13522.5 in a cell vicinity; D – variance calculated from N0, N90, N45, N135.  

The obtained characteristics L1 – L8 and L11 are different measures of fracture anisotropy, and L2 

describes the distortion of a lineament network. The L3-L7 characteristics are less dependent on factors 



that impede lineament extraction in automatic mode (such as cloud cover or overlying Quaternary 

deposits), since they represent a quotient of quantities equally susceptible to interfering factors.  

Characteristics L9 and L12 describe the predominant direction of fracturing at each point of the 

network (their density and azimuth, respectively), L10 and L13 – on the contrary, the rarest direction of 

lineaments.  

Several other fracture characteristics have also been proposed, for example: 
 

L14 = K/N,                                                                   (14) 
 

where N – the total density of lineaments in a sliding window; K – the number of lineaments 

directions in the vicinity.  

The L14 characteristic, along with K, is a kind of measure of geological structure complexity, but, 

unlike K, it lesser depends on the presence or absence of interfering factors decreasing the total density 

of lineaments identified. 
 

L15 =
𝑁90

𝑁0+𝑁90
;   L16=

𝑁0

𝑁0+𝑁90
,               (15) 

L17={
1   𝑖𝑓   𝑁0 > 𝑁90

0   𝑖𝑓   𝑁0 ≤ 𝑁90
                (16) 

 

These characteristics describe the state of a lineament network consisting of mutually perpendicular 

elements with azimuths of 0 and 90. 
The following characteristics are also of interest: 
 

L18 =(𝑁0
2 +  𝑁90

2 + 𝑁90
2 + 𝑁135

2 ) −  (𝑁0 + 𝑁45 +  𝑁90 +  𝑁135)2,                      (17) 

L19=0.25[(𝑁0 cos(0) + 𝑁45 cos(45) + 𝑁90 cos(90) +  𝑁135 cos(135))2 +

                  (𝑁0 sin(0) +  𝑁45 sin(45) + 𝑁90 sin(90) + 𝑁135 sin(135))2]0.5                                    (18) 

In some parts of the Earth’s crust, in addition to the main lineament strike azimuths, several 

additional ones are also distinguished. If there is a third system of lineaments on the site with azimuths, 

for example, 30-120º, the following characteristics can be evaluated: 
 

L1= 
𝑁0+𝑁90

𝑁30+ 𝑁120+ 𝑁45+ 𝑁135
; L2= 

𝑁30+𝑁120

𝑁0+ 𝑁90+ 𝑁45+ 𝑁135
; L3= 

𝑁45+𝑁135

𝑁0+ 𝑁90+ 𝑁30+ 𝑁120
;                  (19) 

L4=|𝑁0 – 𝑁90| +  |𝑁30 – 𝑁120|  +  |𝑁45 – 𝑁135|;                                 (20) 

L5=|𝑁0 – 𝑁90| +  |(𝑁45 +  𝑁135) – (𝑁30 +  𝑁120)|;                               (21) 

L6=|(𝑁0 + 𝑁90 ) – (𝑁30 +  𝑁120)|  + |(𝑁0 +  𝑁90 ) – (𝑁45 +  𝑁135)|  +

                                                  |(𝑁30 +  𝑁120) – (𝑁45 + 𝑁135)|;                                                           (22) 

L7=𝐷(𝑁0, 𝑁30, 𝑁45, 𝑁90 , 𝑁120, 𝑁135);                                                 (23) 

L8= 𝑚𝑎𝑥(𝑁0, 𝑁30, 𝑁45, 𝑁90 , 𝑁120, 𝑁135);                                             (24) 

L9= 𝑚𝑖𝑛(𝑁0, 𝑁30, 𝑁45, 𝑁90 , 𝑁120, 𝑁135);                                             (25) 

L10= 𝐿8 −  
1

6
(𝑁0 +  𝑁30 +  𝑁45 +  𝑁90 +  𝑁120 +  𝑁135);                               (26) 

L11 = K/N;                                                                    (27) 



L12 = (𝑁0
2 +  𝑁30

2 +  𝑁45
2 +  𝑁90

2 +  𝑁120
2 + 𝑁135

2 ) −  (𝑁0 +  𝑁30 +  𝑁45 +

                   + 𝑁90 +   𝑁120 + 𝑁135)2,                                                                                (28) 

where N0, N30, N45, N90, N120, N135 – density of lineaments with azimuths, respectively, 0, 30, 

45, 90, 120 і 135 in the vicinity of the network cell;  – permissible angle of lineaments 

deviation from prevailing azimuths; N – total density of lineaments in a cell vicinity; K – number of 

lineament directions within the vicinity; D – variance estimate calculated for values N0, N30, N45, N90, 

N120, N135. 

For the case of 8 main lineament azimuths, similar characteristics are evaluated. 

The main purpose of all the characteristics described above is categorization territory depending on 

lineament network properties and, presumably, the nature of fracturing, as well as the identification 

boundaries of such zones in order to clarify the geological structure and tectonic setting. 

The characteristics of lineament networks of the fourth subtype are formed based on an analysis of 

their rose diagrams in a sliding vicinity. The rose diagram represents the lineaments orientation in a 

vicinity (Fig. 2). The set of rose diagrams forms the so-called field of rose diagrams being further 

processed. 

 

 
Figure 2: An example of a field of rose diagrams, generated from the extracted lineaments in an image 
space 

 
The system allows the calculation of several characteristics, including the similarity of rose-diagram 

with a cross, the azimuth of prevailing main direction, the rose elongation, its proximity to the circle, 

and several others. 

4. Results and Discussions 

The developed subsystem of lineament analysis was tested in solving several practical problems [9]. 

Below are some practical examples of its work on the territory of the Jamansai Mountains (Uzbekistan, 

Fig. 3). This site is located in a mid-mountainous area and contains a number of points with high gold 

content. Multiband imagery from the QuickBird 2 satellite was used. The spatial resolution of 



panchromatic images is 0.6 m, multispectral (4 bands – red, green, blue, and near infrared) – 2.5 m. 

Previously, the panchromatic and multispectral bands were combined using the ERDAS Imagine 8.7 

software, which allowed to obtain multispectral images with a resolution of up to 0.6 m for further 

processing. This resolution roughly corresponds to a scale of 1:5000. 

 

 
Figure 3: a) satellite image of a site of Jamansai Mountains (Uzbekistan); b) map of L10 (predominant 

direction of lineaments); c) map of L4 (the ratio of lineaments density with azimuth 022.5 to the 
total density of lineaments); d) map of L11 (difference of L10 and average density of lineaments) 

 
Several large linear structures were identified in the automatic mode; the lineament network has 

been improved interactively. It should be noted that several objects visually indistinguishable in the 



original image were extracted (gray lines in Fig. 3a). In Fig. 3a, for the simplicity of perception, the 

most extended lineaments are represented. 

Fig. 3b-d show some of the calculated characteristics. They were used as input data for reference 

classification; points with a high gold content were used as the reference objects. The result is shown 

in Fig. 4. As it can be seen, most of these points fall into zones of increased prospect, which allows to 

consider such zones as promising for gold ore mineralization. 

 

 

Figure 4: Map of the territory's prospects for the detection of gold ore mineralization (conventional 
units); generated based on lineament networks characteristics classification from satellite image 

 



5. Conclusions 

The authors have developed an information system for natural lineaments extraction and processing 

from satellite images. The system allows extracting additional geological information from the original 

images, which cannot be extracted by traditional methods of satellite imagery analysis. The analysis of 

the obtained results allows, among other things, to identify deep structural elements that are not directly 

identifiable on the images, which significantly increases their information content when solving 

geological problems. 

The implemented subsystem for calculating spatial characteristics of lineaments and their networks 

makes it possible to obtain raster maps, which can later be used in various computational procedures, 

including reference classification as well as to generate maps representing the prospects of the territory 

for the discovery of mineral deposits and other geological objects. Such subsystems are either not 

implementer in the known software packages for space information processing, or are represented only 

by lineaments extraction modules, without their in-depth analysis.  

The system is easily expandable by adding new methods for lineaments extraction and their spatial 

transformation. Currently, the tools for matching the results obtained by processing individual image 

bands are not implemented, which is a disadvantage, but also a promising direction in subsystem 

development. Moreover, additional opportunities may open when using ensembles of images of 

different spatial resolution, which will not only increase the reliability of identifying hidden structural 

elements of the geological environment but also provide information about their distribution in depth. 
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