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SUMMARY 

The article presents the results of managed classification with a new approach to creating classes and 
evaluating standards. A new approach to classifying the given volume of features will be useful for 
solving a specific natural resource problem, which is forecasting areas prospective for oil and gas in 
automatic mode. This approach is distinguished by using of the Dempster-Shafer theory of evidence to 
overcome the assessment of inaccuracy and conflict between information from different sources. In 
addition, the separation of mixed classes was carried out, which clarifies the classification of bitmap 
images at the initially given researches of the 4th grade. In this approach, it is proposed to formulate 
standards on the basis of computer analysis and generalization of information already known for each 
class of objects. As a result of the classification, a schematic map, which allows us to estimate the 
prospects for this territory (the Sea of Azov water area) at the regional level and to identify areas for 
further detailed work, is obtained. In future, this method will be improved and can be used to estimate 
sites at the local and detailed levels. 
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Introduction. One of the tools for forecasting zones, sections, structures that are prospective for oil and 
gas deposit is classification. Obligatory condition for creating a training sample for the classification is 
the integration of data obtained from various information sources. An important stage is the definition 
of informative criteria for oil and gas potential which will be further used as information layers. An 
important feature of the proposed classification is the solving the problem of separation of mixed 
(intersecting) classes. 

Initial and geological data. The main criteria for oil and gas potential, justified by geological studies 
(Yevdoshchuk M.I., 1997 and Galko T.M., 2013), are structural and tectonic, which control regional 
oil and gas accumulation; sedimentation basin size and sedimentary cover thickness; tectonic 
movements mode; degree of tectonic partition and dislocation of rocks; the presence of trap structures, 
their regional position, as well as history of the geological development of a region. 

The temperature factor plays an independent role in assessing the prospects of oil and gas potential 
(Lyalko V.I. et. al., 1979), since thermal anomalies, as a rule, are clearly expressed and are characterized 
by a large length in a plan. 

An analytical map of the vertical partition of the relief shows changes in the neotectonic development 
of the bottom of the sea, which, in turn, is a criterion for prospectivity in the oil and gas sector 
(Lastochkin A.N., 1978). 

All available data that will be used in the classification are presented in the form of bitmap images. 

Classification method. The general problem of automated (computer) prediction of mineral deposits, 
predominantly using the pattern recognition apparatus, is quite widely reported in the specialized 
literature (Lyalko V.I. et. al., 2004). The proposed classification method is based on of the Dempster-
Shafer theory of evidence. The main advantage of this method is the ability to overcome problems 
related to the incompleteness (ignorance and lack) of information (Jiang W. and Wang S., 2017). In 
particular, it gives clear estimates of inaccuracies and conflict between information from different 
sources. Another benefit of the of the Dempster-Shafer theory of evidence is that it can be applied to 
any combination of classes. This is especially useful for representing mixed pixels in classification 
tasks. 

“The image of oil and gas fields”, which is reference sample, is formed in this approach not on the basis 
of specific theoretical models, but by means of computer analysis and generalization of the information 
already accumulated for this class of objects.  

This method was developed for using during automated decision making in the geological industry 
(Popov M.O., et. al., 2018). 

Figure 1 represents a block diagram showing the proposed algorithm. 

Input data: reference samples and images, pixels of which are classified. 

Normalization of the data of each of the channels is performed by the formula: 

𝑥  , 

where 𝑥  is initial pixel i value, 𝑥  is minimum value from this channel, 𝑥  is maximum value from 
this channel, 𝑥  is normalized pixel i value of this channel. 
 
Determination of the center mass for each of the classes. This stage includes average value definition 
for each of channels, which are coordinates of the center of mass. 

С  с , с , … с  , 

𝑐
∑

 , 

where С is the center of mass, 𝑐  is і coordinate of the center of mass, 𝑥  is j pixel of i channel, 𝑘 is 
number of pixels of i channel. 
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Removal of pseudo-representations. Pseudo-representations are those reference samples in which the 
distance from them to the center of mass of their class (area) exceeds three times (twice) the standard 
square deviation 
 

𝜌 𝑥 , 𝐶 3𝜎 , 
where 𝜌 𝑥 , 𝐶  is the distance between 𝑥  (pseudo-representation of і class) and 𝐶  (the center of 
mass of і class), 𝜎  is the standard square deviation of і class. 
 
Determination of the classes intersections areas. If the distance between pixel of the certain class and 
the center of mass of another one doesn’t exceed three times the standard square deviation, those classes 
have an intersection and this pixel is in their intersection. 

Converting distances into masses and forming their distributions: 

𝑑 𝑥 𝑐 𝑥 𝑐 . . . 𝑥 𝑐   , 
where 𝑑  is the distance between pixel and area of i class; 𝑥 , 𝑥 , … 𝑥  are coordinates of this 
studied pixel;𝑐 ,  𝑐 , … 𝑐  is і coordinate of the center of mass of i class. 

𝜇
∑

 , 

where 𝜇 is average distance between point and classes areas. 

𝑘 max  
 

ln 𝑚 ln 1 𝑚 , ln 1 𝑚 ln 𝑚 , 

where 𝑘 is a coefficient, 𝜎 is average standard square deviation between the studied pixel and classes 
areas. 

𝑚  0.999 
𝑚  0.001 

𝑚 1  
1

1 𝑒   

where 𝑚  is converted to mass distance between pixel and i class area. 
 

 
 
Figure 1 A block diagram of the proposed algorithm. 
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Example. For the classification of the Azov Sea water area for the purpose of identifying zones and 
sections promising for oil and gas, we have selected the following data: a set of structural maps (Meso-
Cenozoic deposits), power maps of even-aged deposits, as well as the map of vertical partition of the 
relief and the map of thermal field of the sea surface based on MODIS AQUA space photography. In 
this case he total number of informative features (layers) was 12. 

For the classification into four classes the reference samples for each class are selected. The reference 
samples are objects: 1) in the drilling fund, 2) prepared for deep drilling, 3) detected by seismic survey, 
4) nonproductive. For the reference sample of each class, an ellipsoid from a set of all features (layers 
of geological, morphometric information and water surface temperature data) was being created. 

After the classification with the proposed approach, a schematic map of the classification of the Azov 
Sea water area into 4 classes was obtained (Figure 2). The result shows a regional distribution of 
features, which does not contradict the general ideas about oil and gas potential of this region. With an 
increase in the information content and resolution of each of the criteria, classification at the zonal and 
local level is possible, which will make allow to make a forecast at a detailed level. 

 

 

 

Figure 2 The schematic map of the classification of the Azov Sea water area into 4 classes. 

 

Conclusions. A new approach to the classification of a given volume of features for solving a specific 
natural resource problem is proposed. It is forecasting areas prospective for oil and gas in automatic 
mode. This approach is distinguished by using of the Dempster-Shafer theory of evidence to overcome 
the assessment of inaccuracy and conflict between information from different sources. In addition, a 
separation of mixed classes was carried out, which clarifies the classification of bitmap images at the 
initially given researches of the 4th grade. 
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Data that allow us to evaluate the prospects of this territory and to identify areas for further detailed 
work at the regional level were obtained. In future this method will be improved and can be used for 
evaluation of sites at the local level. This method is designed for using in automated decision making 
in the geological industry. 
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