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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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IMAGES CONVERTER
OF GEOLOGIC- LITHOLOGICAL PROFILES

Abstract. The article is devoted to the program "Converter", which allows you to translate the geologic-
lithological profile of a mineral field into a digital format in the form of a two-dimensional array.

The object-oriented programming language Python was used to write the program. The NumPy, OpenCV, and
MatPlotlib libraries are actively used. The implementation of this program is based on image segmentation and
finding the prevailing colors in the OpenCV library. Image segmentation is a preliminary step in image processing.
The obtained values allow you to find out the density distribution in the area under consideration. The program
"Converter" has a good graphical representation of the results obtained using the MatPlotlib library. The program
writes the final converted result as a two-dimensional array to a text file along the desired path. Thus, the matrix is
easy to read for further use in conjunction with other programs.

The purpose of this work was to create a program that converts the geologic-lithological profile of the field into
a digital format in the form of a two-dimensional array, for further use of this matrix as the distribution density of the
oil field. The "Converter" program converts any geologic-lithological profile into a two-dimensional array in a matter
of minutes.

Key words: geologic-lithographic profiles, Converter, density distributions, colors, pixel, matrix, invers
problem.

Introduction. Long-term development of oil and gas fields can lead to negative consequences. For
timely detection of various negative phenomena, gravimetric monitoring of deposits is regularly carried
out with subsequent identification of experimental data. Gravimetric monitoring is a method in the
complex of control tools for the development of oil and gas fields. The use of gravimetric monitoring
complements and refines the results of standard methods. Gravimetric monitoring is based on gravimetric
surveys. Gravimetric survey is a set of measurements of quantities that characterize the gravitational field
of a given area. This survey allows you to solve geological problems. The final product of gravimetric
survey is gravimetric maps. Based on changes in the gravimetric survey readings and other factors,
conclusions are drawn about changes in the internal geological structure of the profile. You can do this by
solving the inverse problem of gravimetry. But in the process of solving it, you will have to solve a direct
problem. This requires a density distribution. Where can we get it? In particular, there are data of
geologic-lithographic profiles (obtained during the initial exploration of the field). They are maps
(drawings) in graphic form, which depict the location of certain materials in this area. This information
allows you to find out the density distribution in the area at the initial stage. Knowing the density
distribution, we can find the distribution of the gravitational field by solving the direct gravimetry problem
[1-4 ]. To solve a direct problem, you need to have a density distribution in digital form rather than
graphical. The purpose of this work is to create a program that automatically implements this procedure [5].

— 121 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

Problem statement. Figure 1 shows the geologic-lithological profile of the oil field. The drawing
shows oil deposits in brown, gas deposits in yellow, and water deposits in blue. Around the minerals-the
ground is white. The composition of the soil depends on the depth of the Deposit. The left side of figure 1
shows the depth scale in meters. Vertical lines in the form of arrows are drilled wells. Well numbers are
written on the tops of the heads. Geologic-lithological profiles have different scales horizontally and
vertically, which should be taken into account when implementing the program. The main object of
research is to obtain a density distribution matrix in a given area by converting geological and lithological
profiles. The drawing sets the distribution of materials by section.
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Figure 1 — Geological and lithological profile of the oil field.
We need to have geologic-lithological profiles in the form of initial information about the density of
materials, to obtain a density distribution matrix. To do this, you must have a program that implements

this transformation. We called this program "Converter". The program should be easily integrated with
other parts of the global program and of course meet the latest requirements of the scientific community.
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Research methods. Since Python is a modern and good choice for system integration in scientific
computing. All calculations were performed in Python, an object-oriented language. The big advantage of
an interpreted language is that programs can be tested and debugged quickly, which allows the user to
focus more on the program principles and less on the programming itself. Since there is no need to
compile, link, and execute after each fix, Python programs can be developed in a shorter time than
equivalent programs in Fortran or C. On the negative side, interpreted programs do not create standalone
applications. Thus, a Python program can only run on computers that have the Python interpreter installed
[6]. Python has a rich standard library and a large number of extension modules for almost all the needs of
the information technology industry. The program "Converter" used the libraries cv2 (library for working
with graphic data and pixels), numpy (library for working with matrices), pyplot (library for plotting), and
others. One of the fundamental aspects of NumPy is providing a powerful N-dimensional array object,
ndarray, to represent a collection of items (all of the same type) [7].Thanks to the clear syntax, learning
the language is not a big problem. Programs written in it are structured in form, and it is easy to follow the
logic of their operation.

Algorithm of the program «Converter». The program «Converter» works according to the
following algorithm:

1) To process images of geologic-lithographic profiles of deposits in digital format, an image is fed to
the input. The program takes a drawing of a geologic-lithological profile, reads its width and height in
pixels.

2) Divides the number of pixels into N parts, thus splitting the original pixel area into small
rectangles.

3) In each small rectangle, we calculate the color distance of each pixel from the colors in the density
table based on the Euclidean distance formula (in this case, we only have 4 colors — blue, brown, yellow,
and white).

4) Having determined which of the four colors this pixel is closest to, it counts the number of each of
the four colors in this rectangle. This is how the program determines how many pixels of a particular color
(one of four colors) are contained in a small rectangle.

5) The Program determines the color that is most in this small rectangle. In addition, assigns this
rectangle the color that is most there.

6) The Program goes through all the small rectangles, assigning each a certain color-the key number
from the dictionary (brown, blue, yellow or white).

7) Using the color key, a density value corresponding to this color is requested, and the rectangle cell
assigns this density value.

8) Running through all the rectangles, we get the density matrix, which is a digital format of the
geological and lithological profile.

Note that the partition into N parts can be arbitrarily large. This allows you to get accurate
interpretations down to pixels.

Dictionaries are useful for storing tables of information with a unique identify or for each record.
Dictionaries provide a mapping from a set of keys to a set of values. In other words, given a key, a
dictionary can look up the value associated with it [8]. In the Python programming language, dictionaries
(the dict type) are another type of data structure, along with lists and tuples. This schema describes the
syntax of a Python dictionary:

{key: value, key: value, key: value, ...}

Therefore, each dictionary element consists of two objects: a key and a value. In our example, the key
is the name 0,1,2,3 and color, name, density, the value is [255, 255, 255], [153, 204, 255], [204,150, 102],
[255, 255, 0]; Earth, Water, Oil, Gas; [2.1], [1.55], [0.9], [0.00085]. Key identify dictionary item, the
value is the data, which correspond to the given key. Key values is a unique, two identical keys in the
dictionary cannot be.

OpenCV provides the imread function to load an image from a file and the imwrite function to write
an image to a file. These functions support various file formats for still images. The supported formats
vary — as formats can be added or removed in a custom build of OpenCV — but normally BMP, PNG,
JPEG, and TIFF are among the supported formats [9]. An important feature of OpenCV is the
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representation of images as multidimensional NumPy arrays and the saving of images in BGR colors. To
return to standard RGB, use the cv2.COLOR_BGR2RGB function, which converts the BGR format to
RGB format. This was necessary because the pixel colors were in RGB format.

As a result, def converter pix_to_massiv function returns a matrix of densities of geological and
geographical profiles of the field (figure 2).

Figure 2 — Matrix of densities of geological and lithographic profiles of the Deposit.

Effective scientific and technical visualization of data requires a wide variety of graphing techniques.
Matplotlib implements many types of plotting techniques as methods of the Axes object. For example, in
the previous examples, we have already used the plot method, which draws curves in the coordinate
system provided by the Axes object. As a consequence of the multilanguage model, scientific and
technical computing with Python involves much more than just the Python language itself. In fact, the
Python language is only a piece of an entire ecosystem of software and solutions that provide a complete
environment for scientific and technical computing [10].

Conclusion. The developed program "Converter" actually converts the geological and lithographic
profile of an oil field into a digital format in the form of an array in the Python environment. The results
obtained will be used in the future to solve the main direct problem, which allows us to find out the
distribution of the gravitational field, as if the structure of the field would be the same as indicated in those
sections. And by monitoring deposits and identifying this information, it is supposed to solve the inverse
problem in order to find out what changes have occurred in the reservoir compared to the distribution that
is obtained in the process of solving a direct problem based on information from sections. Thus, the
developed program becomes one of the key elements of the developed GIS project AP05135158
”Development of geographic information system for solving the problem of gravimetric monitoring of the
state of the subsoil of oil and gas regions of Kazakhstan based on high performance computing in
conditions of limited experimental data”.

I. B. Hypceutos', H. A. Toiiran6aesa?, M. O. Ken:xe0aepa®

! Satbayev University, AKIapaTTBIK KoHE KOCMOCTBIK TEXHOJIOTHUIIAPIBI YIKBIMIBIK
KOJIaHyAbIH ¥ JITTBIK FBUIBIMU 3€pTXaHachl, AnmaTel, Kazakcras;
20n-®apabu ateiaarel Kazax YITTHIK yHEBEpCHTETI, AMaTel, KazakcTan

KEH OPHBIHBIH I'EOJIOT' UAJIBIK-JIUTOJIOT UAJIBIK
KECKIHJIEPTHIH, TPA®UKAJIBIK BEHHEJEPIH TYPJEHIIPY

AnHoTanus. Makaia KeH OpBIHAapPBIHBIH T€0JIOTHSUTBIK-THTOTpaQHsIIBIK KECKIHAepiHiH TpaduKabk OciiHeciH
eKieJIeM i MacCUB TYpiHAe caHIBIK (opMaTKa TypiaeHaipeTiH «KonBepTepy» OarnapiaMacbiHa apHAIFaH.

— 124 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2021

barnapnama >ka3y yuiiH Heicanra OarbiTtanradH Python Garnmapnamanay Timi koipaneuiibl. NumPy, OpenCV,
matplotlib kiTanxananapsl Oesiceni Typae naiaanansuiasl. [Tukcenpaepmen sxymbic ictey yurin OpenCV kitanxa-
HACBIHBIH MYMKIHJITIH 3epTTey MEH KOJIaHy >xymbicTapbl icke acTbl, BGR xone RGB dopmarrapsl, rpadukaibik
OeliHenepiMeH KYMbIC aTKapyaa KaxeTTi (opMaTThl YThIMIbI KOJAaHY JKOJIIapbl KapacThIpbUIabl. by Oarnapiama-
HBIH icke acybl Python opracsinma OpenCV kiTanxaHachlH Iaiganany apKpUibl OeifHEHI CerMEHTTEYTe KoHe 0achiM
TycTi Tabyra HeriznenreH. beliHeHi cermMeHTTey — OeliHEeHI OHJIeyAiH 0acTanKbl KagaMbl 0oJbin caHanmaasl. JKybIK
enuemi periHae EBKIMI KalIbIKTHIFBI KOJIAHBUIAABL. AJIBIHFAH MOHJIEP KapacThIPbUIATHIH aiiMaKTa THIFBI3/IBIKTHIH
TapalyblH aHbIKTayFa MyMKiHIiK Oepeni. «Converter» Oarmapiamacel matplotlib kitanxaHackl apKbUIbl ajlbIHFaH
HOTIDKENIEPIl KOPHEKTI rpaduKaiblK Typae OcitHenen Oepeni. barmapiama exiesmmemai MACCHB TYPIHAE TYPJICHIeH
COHFBI HOTHIKEHI TaHIAJIFaH O0JI apKbLIbl MOTIHAIK (haiiira xa3pin 0epemi. CelTim, alblHFaH MATPUIAHBI OOJIAIIAKTa
Gacka Oarmapiamanap/a KemeH i Typae KoJgaHyFa 00a bl

Tyiiin ce3mep: reonorusuibIK-TMTOrpadusuibik Keckidi, Converter, THIFbI3ABIKTBIH Tapallybl, TYCTEpP, MUKCEb,
MaTpHa.

I. B. Hypceutos!, H. A. Toiiran6aesa’, M. O. Ken:xebaepa®

ISatbayev University, HannonansHas Hay4gHas 1a60paTopysi KOJIIEKTHBHOTO
MTOJIE30BaHMUA HHPOPMALIMOHHBIX U KOCMUYIECKHUX TeXHOJIOTHH, AnMatsl, Kazaxcras;
?Kasaxckuii HarmonansHeli yausepcuteT uM. anb-dapabu, AnmMars, Kaszaxcran

KOHBEPTEP U30BPAKEHU F'EQJIOTO-INTOJIOr MYECKUX TPOPUJIEN

AnHoTtanus. Ctaths mocBsiieHa nporpamme "KoHBeprep", MO3BOJISIONICH TMEPEBECTH T'eOJOTO-TUTOIOTH-
4eCKuil MpoQHIIb MECTOPOXKICHUSI MOJIE3HBIX UCKOMAaeMbIX B IIM(POBOI opmar B BUIE ABYMEPHOTO MACCHBA.

Jnsi HamucaHusi OPOrpaMMbl OBUT HKCIIOJIB30BaH OOBEKTHO-OPUEHTUPOBAHHBIN SI3bIK MPOrPAMMHPOBAHHS
Python. AkTuBHO Hcnionb3oBanbl 6ubnorexk NumPy, OpenCV, matplotlib. beuta npoBeneHa paboTa 1o n3y4eHuIo
U TPUMEHEHHUI0 BO3MOkHOCTH Ombmmotexkn OpenCV mpu pabote ¢ mukcensimu, nzydeH Gopmatr BGR u RGB u
KOPPEKTHOE HCIOJIb30BaHUE HYKHOTrO (opmara mpu paboTe ¢ reosoro-iMToNOTHYeCKUMHU MPOQUISIMA MECTOPOXK-
JeHusi. Peannzanus [aHHOW MPOrpaMMbl OCHOBaHA HA CErMEHTAIMK M300paXKEeHUH M HAXOXKACHUU MPe00IIaIatolux
BeToB B cpeae Python ¢ ucnons3oBanuem 6ubmmorekn OpenCV. CermeHTanus u300pakeHus SABISETCS MPeIBapH-
TEJIbHBIM 3TaroM 00paboTku n3o0paxeHuil. B kadecTtBe Mepbl OJIM30CTH MCHONB3yeTcsl EBKIHMIOBO PaccTOSHUE.
[MosydeHHble 3HAYCHUS MO3BOJIET Y3HATh PaclpeelieHne IUIOTHOCTH B paccMmarpuBaeMoi obnactu. IIporpamma
«Converter» umeeT xopoiee rpaduueckoe MpeaCTaBICHUE MOJYYSHHBIX PE3yJbTaTOB MPH MOMOIIUA OUOIHOTEKH
matplotlib. Koneunslii npeoOpa3oBaHHbIN pe3ysbTaT B BHIE IBYMEPHOTO MAacCHMBa MPOrpamMMa 3aliChIBACT B TEKC-
TOBBI (haiin no xenaemMomy nyTu. Takum 00pa3zoMm, MaTpPUILy JIETKO CYMTBHIBATD ISl AaTbHEHIIEr0 UCIIOIb30BaHHUS B
KOMIUIEKCE C IPYTUMH MPOrpaMMaMH.

KawueBble cioBa: reosoro-nurorpaduueckue mpoduin, Converter, pacrpeleieHus] IJIOTHOCTH, IBETa,
MUKCeJb, MAaTPUIIa, 00paTHas 3a/1a4a, [PaBUMETPHsL, TIpsiMasi 3a/1a4a.
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