
 

 Modern engineering and innovative technologies                                                                     Issue 24 / Part 1 

ISSN 2567-5273                                                                                                                                    www.moderntechno.de 34 

http://www.moderntechno.de/index.php/meit/article/view/meit24-01-029 
DOI: 10.30890/2567-5273.2022-24-01-029 

UDC 550.8.056 
BRIEF DESCRIPTION OF  

RADIO-THERMAL IMAGING TECHNOLOGIES IN GEOLOGY 
ON THE EXAMPLE OF OIL AND GAS CONDENSATE FIELDS 

Stepchenko Vladimir Nikolaevich 
Chief Engineer. Chief designer 

"Center of Aerospace Technologies", Bulgaria 
https://orcid.org/0000-0001-6161-8160 

Rodna Valentyna Antonovna 
Chief Geologist 

«Special Center of Aerospace Technologies "TSENTAVR"», Ukraine 
https://orcid.org/0000-0003-4880-7009  

Bagryantsev Vladimir Anatolyevich 
President 

"Center of Aerospace Technologies", Bulgaria 
https://orcid.org/0000-0003-3835-4106  

Shel Vladimir Alekseevich  
Leading engineer-developer of geo-information systems and technologies 

«Special Center of Aerospace Technologies "TSENTAVR"», Ukraine 
https://orcid.org/0000-0001-5772-2811 

"Center of Aerospace Technologies" 
Antim Parvi St., 26, Burgas, Bulgaria 

«Special Center of Aerospace Technologies "TSENTAVR"»  
49000 Ukraine, Dnipro, D. Yavornytsky ave. 81, office 12 

 
Annotation: The brief physical foundations of Radio-Thermal Imaging Technologies are 

considered, the geophysical aspects of deciphering and interpreting aerospace data, the 
relationship of satellite images with the deep structure of the Earth are shown with an illustration 
of the results of research. As examples of works, horizontal and vertical geothermal cross-sections 
of the Earth's crust are presented. The receipt of fundamentally new, more informative data on the 
structures of the Earth's crust is noted. 
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Introduction 
All over the world, one of the latest methods for studying the geological and 

tectonic structure, forecasting and searching for mineral deposits is remote sensing of 
the Earth (ERS). All remote sensing methods are based on the registration of 
electromagnetic radiation: reflected or emitted by natural sources (passive) or 
reflected from objects exposed to radiation from artificial energy sources (active). For 
solving geological problems, the most informative methods are those that have the 
effect of "transmission" of the Earth's crust and mantle – Radio-Thermal Imaging 
Technologies (RTT). 

Brief Description of Radio-Thermal Imaging Technologies 
RTT is considered as an element of remote sensing of the Earth, a passive 

method based on the registration of the radiated thermal energy of the Earth (in the 
form of an endogenous heat flux), which is represented by a continuous spectrum of 
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electromagnetic waves and is expressed by a physical parameter called radio 
brightness temperature, the radiation can be received at the input of the antenna 
system (detector, optical or electronic). The name "Radio-Thermal Imaging 
Technologies" itself reveals the ranges of the Earth's electromagnetic radiation used: 
radio, infrared and optical.  

In fact, these are technical vision technologies that form images with long 
wavelengths (radio waves). The longer the operating wavelength of radiometric 
receivers, the higher the efficiency of receiving radio brightness temperature from the 
subsurface of the Earth's thickness. 

The radio brightness temperature of each resulting pixel is characterized by the 
effective temperature and the emissivity of specific elements of geological structures. 

RTT technologies do not provide for the use of true values of temperature 
gradients, but their differentiable contrasts and heat flux density, allow calculating 
and visualizing all the inhomogeneities of the Earth's crust. 

The contrast scale has a higher resolution of the relative value: hot and cold. 
Relative, due to the fact that, in some cases, for a more visual presentation of 
information, an inversion is performed, as a result, the scale changes its value to the 
opposite. 

Hot and cold also have a relative value and depend on the emissivity of each 
physical object (geological structural inhomogeneities) through which 
electromagnetic waves generated by the Earth's core pass (wide continuous spectrum, 
with noise temperatures around 6400 K). A sharp drop in radio brightness 
temperatures suggests the presence of a boundary of geological structural 
heterogeneity. 

One of the factors of penetration (depth) is the possibility of increasing the 
sensitivity of radio-thermal space scenes, which make it possible to form images of 
the Earth's subsurface. 

The use of algorithms for correcting source materials makes it possible to 
exclude the influence of the landscape surface (vegetation, road network, hydro 
network, etc.) - the skin layer - on the results of the work. The use of algorithms for 
increasing the sensitivity of the initial radiometric scenes (images), algorithms for 
constructing a three-dimensional model (3D-cube) of the geological environment, 
make it possible to form block layers of radiometric images at a given depth, and 
make it possible to obtain a deep “transmission” effect. Consistent horizontal 
"transmission" of the Earth's thickness, this is a kind of "X-ray" only in the 
microwave radio range. 

Horizontal "transmission" allows you to see all geological structural 
heterogeneities, where some elements are recognized as: water, gas, oil, ore 
formations and their host rocks. The places of their greatest concentration are visible. 
Recognition of minerals is carried out by calibration classifiers. Geothermal 
horizontal cuts and geothermal vertical slices are built. 

Technologies use block-mosaic representation of information (formation of 
cubic pixel images) with the construction of a geothermal 3D-cube of a given scale, a 
given fragment of the Earth's subsurface. 

Constant improvement of the RTT method, both in the direction of increasing 
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the depth of research, and in the direction of increasing the resolution and accuracy of 
the results obtained, opens up new prospects for forecasting and searching for mineral 
deposits, assessing the seismicity of the territory, fundamental and applied research of 
the Earth's crust. It opens up prospects for building geodynamic models in time, with 
the possibility of using operational data for the last decade, on the territory of any 
fragment of the globe. 

 
Table 1: Qualitative Color-synthesized calibration scale for fluid recognition* 

 
* Note: conditional classification of components is performed using cluster analysis by numerical values of 

color, brightness, saturation, which are part of color-synthesized sections, in comparison with the average self-emission 
coefficients of gas, oil, water and other corrective values for the increase in radio-brightness temperature (ΔTb = k · Te 
where ΔTb - is the increment of radio-brightness temperature (temperature contrast), k - is the self-radiation coefficient 
of the component, Te - is the effective temperature of the component). An example of a color-synthesized scale for the 
conditional classification of components is shown in Table 1. 
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Examples of using RTT technology  



 

 Modern engineering and innovative technologies                                                                     Issue 24 / Part 1 

ISSN 2567-5273                                                                                                                                    www.moderntechno.de 38 

  



 

 Modern engineering and innovative technologies                                                                     Issue 24 / Part 1 

ISSN 2567-5273                                                                                                                                    www.moderntechno.de 39 

Conclusion and Summarize 
The results of the presented work allow us to state that the remote sensing of the 

Earth RTT method can be widely used in geological exploration for the purpose of 
forecasting and identifying new and additional exploration of old deposits containing 
hydrocarbon or ore deposits. Structural heterogeneities are confidently recognized on 
vertical geothermal sections, which make it possible to distinguish between linear 
horizons, which, by the nature of saturation, can be interpreted as structures saturated 
with hydrocarbons. The structures are usually limited by a "cover" and have an 
impermeable "substrate" at the base. These results are confirmed by the data of 
operating wells and are given in the description. 

On geothermal sections, the contours of traps and deposits are distinguished, 
which makes it possible to recommend this method for work on oil and gas 
condensate and other mineral deposits of endogenous genesis. 

Geological studies allow to calibrate and interpret the model, to clarify the 
content of useful elements in deposits. 

The remote sensing of the Earth RTT method is environmentally friendly. 
Technologies allow express mapping of significant territories anywhere in the world. 
Allows you to optimize economic and environmental risks in the design and 
development of fields, including those in hard-to-reach places on land and sea. 
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Аннотация: Рассмотрены краткие физические основы Радио-Тепловизорных 

Технологий, показаны геофизические аспекты дешифрирования и интерпретации 
космической информации с иллюстрацией результатов исследований, связь спутниковых 
снимков с глубинным строением Земли. В качестве примеров работ представлены 
горизонтальные и вертикальные геотермические разрезы Земной коры. Отмечено получение 
принципиально новых, более информативных данных о структурах Земной коры. 

Ключевые слова: Радио-Тепловизорные Технологи, Дистанционное зондирование 
Земли, электромагнитное излучение, радиояркостная температура, аэрокосмические 
снимки, Земная кора, терморазведка, горные породы, геотермические аномалии, 
геотермические разрезы, геологические структуры, полезные ископаемые, залежи 
углеводородов, нефтегазовые конденсаты, ловушки углеводородов. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


