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THE INTERPRETATION TECHNIQUE OF GEOPHYSICAL DATA BY USING IT
IT KOJIIAHYMEH FEO®U3UKAJIBIK JIEPEKTEP/I TYCIHAIPY OJICHAMACHI

METOJUKA HHTEPITIPETAIIMU 'EO®PU3NYECKUX JAHHBIX C IPUMEHEHUMEM IT

Anoamna. Kasipei yaxeimma OHIMOINIEI #cogapvl ecenmeyiul MeEXHON02UAIAPObl NAUOANIaHA OMbIPbIN,
2e0pu3UKaHbly KONOAHOAIbL eCenmepin weuly Yulin aneopummoep MeH 6a20apiaManbl Kammamacwls emyol
azipaeyoiy e3exmi Kasicemminiei myvinoan omuip. Ocbinbl eckepe ombvipbin, OY HCYMbICIbIY MAKCAMbI 2€0102USIbIK
Kumanap oepekmepiniy peno3umopuiiin Jicone mayoay a0iCiHe blH2allbl 6eO-KOCLLMUAHBL KYPY 006N madblidaobl.
Byn konoanba akademux A.H. Tuxonos ycvinean yinecmipe manoay 20iCiH KOJLOAHA OMbIPbIN, MAKCAMMbl KIACCMAap
MeH nauoananHbLIamelH Opma Yiciiepine HezizoenceH Oepekmepee OHAU KON JICemKi3y0l Kammamacwvls emeoi.
Asmopnap apmypni mMexHUKaiblK Cunammamaiapvl 6ap 3aMaHayu paouoloOKayusblK dicyiienepdi nauoanana
omulpwin, bipkamap skcnepumenmmepoi commi scypeizoi. byoan backa, onap aiimaxma OypeinHan Oap yaciiepoeH
WABLLILICKAH CUSHATOAPObl MIPKeN, KochiMuia eauieyiep xcypeizindi. Teopusanvlk 601scamoapovl SKCnepumMenmmix
6aKbLIayIapea Kapcvl KOsl OMbIPbIN, JHCAH-IICAKNbL CALLICIMbIPMATLbLL MALOAY JiCypei3indi. Byn manoay 2eono2usivli
KecKinoepdiy Oepekmep KOpblHOA CAKMANeAH KA3ipei 3aMAaHebl paOUONOKAYUIbIK 0epekmepoily YAKeH KoleMine
Heziz0enceH.

Tyiiin co30ep: I'eopadap, axnapammuoli MexHOIOSUANAD, 2e0PUIUKANBIK OepeKmepOi MyciHOIpy, NPOSPAMMATbIK
Kammamacwul30aHoupy.

Annomayusn. B nacmosiyee epems cywecmeyem HACYWHAS NOMPeOHOCMb 8 pA3pabomKe aiecopummos u
npocpaMmMHO20  obecneuenus — ONsi  pewleHuss — NPUKIAOHbIX — 3a0ay — 2e0Qu3uKu ¢ UCHOTIb308AHUEM
6bICOKONPOU3E0OUMENbHBIX GbIHUCTUMELbHIX MeXHONo2ull. TIpunumas 5mo 60 6HUMAHUe, Yeabio OAHHOU pabombl
AGNAEMCsL CO30aHUe XPAHUIUULE OAHHLIX 2e00SUYeCKUX paspe3oé u yoobnoe web-npunodcenue 0ns memooa
noobopa. Imo npunodcerue 0CHOBbLIBAemcs Ha Memode noobopa, npednodcenviii axademuxom A.H. Tuxonoswvim
u obecneuugaem yooOHbll 00CMYNn K OGHHbIM, OP2AHU306AHHLIM HA OCHOGE YENeblX KIACCO8 U KOHKPEMMHbIX
UCnonb3yemblx mooenei cpedvl. A8mopvl YCnewHo nposenu  cepuio  IKCNEPUMEHMO8 C UCHOJIb308AHUEM
COBPEMEHHBIX PAOUOLOKAYUOHHBIX CUCIEM C PA3IUYHBIMU MeXHUYeCKuMU xapakmepucmukamu. Kpome mozo, onu
npoeenu OONOIHUMENbHbIE UMePeHUsl, 3A(DUKCUPOBAE OMPAICEHHbIE CUSHANbL OM paHee CYUecmeo8aUiIUX
obpasyos na noaucone. Buli npogeden CecMOPOHHUL CPAGHUMENbHbLIL AHAAU3, NPOMUSONOCMAGISIOUULL
meopemuieckue npeoCcKa3aHusi IKCNEPUMEHMATbHbIM HAONI00eHUusM. DMom auaiu3 OCHO8AH HA OOIbULOM
KOJIUYecmee Co8PeMeHHbIX pAOUOIOKAYUOHHBIX OAHHbIX, XPAHAWUXCA 8 6a3e OAHHBIX 2€0I02UYECK UX PA3Pe308.
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Kniouesvie cnoga: I['eopadap, ungopmayuonnvie mexuono2uu, uHmMepnpemayus 2e0Qusu4eckux OaHHbIX,
npozpammHoe obecneuenue.

Abstract. Currently, there is a pertinent need for the development of algorithms and software to address applied
challenges in geophysics, utilizing high-performance computing technologies. Taking this into account, the goal of
this work is to create a repository of geological sections data and a convenient web application for the selection
method. This application is based on the selection method proposed by academician A.N. Tikhonov and provides
convenient access to data organized on the basis of target classes and specific medium models employed. The authors
have successfully executed a series of experiments employing contemporary radar systems with diverse technical
specifications. Moreover, they conducted supplementary measurements by capturing reflected signals from pre-
existing samples within the test site. A comprehensive comparative analysis has been conducted, contrasting
theoretical predictions with experimental observations. This analysis relies on the wealth of modern radar data
stored within the geological cross-section data repository.

Keywords: Ground Penetrating Radar, information technologies, interpretation of geophysical data, software.

Introduction. Georadar systems, often referred to as GPR, find application in non-destructive
assessment and diagnostics across various domains like construction, road surfaces, and
archaeological investigations. These systems emit electromagnetic signals into the surveyed
environment, capturing and recording the ensuing reflected electromagnetic signals. Subse-
guently, these captured signals are employed to generate a radarogram, which visually repre-
sents the time taken by the signal to travel from the observation point to anomalies within the
medium. This time information is crucial for solving the inverse problem associated with the
study.

The primary objective of these empirical investigations revolves around the interpretation of
the radarograms. The methodology employed for these studies relies on engineering principles,
encompassing the comparison of acquired radarograms against established standards.
Additionally, supplementary calculations are conducted based on the theoretical principles
governing wave propagation within the medium.

The authors' works [1-3] detail both practical and theoretical approaches to subsurface radar
techniques. The accuracy of radarogram interpretation is largely contingent on the expertise of
specialists like geophysicists, whose involvement introduces notable inaccuracies.

Conversely, an alternative avenue in radarogram interpretation involves mathematical and
computer modeling of electromagnetic wave propagation and reflection within a medium. While
radarograms provide insights into travel times to anomalies, practical interest centers around
deducing the physical properties of these anomalies. For reflected electromagnetic signals, the
pertinent physical attributes encompass dielectric and magnetic permeability, as well as media
conductivity. The pursuit of these coefficients has led to the proliferation of the theory of ill-
posed and inverse problems [1], [4-6]. The theoretical underpinnings for inverse problems
within mathematical physics were expounded in V.G. Romanov's work [6].

In-depth exploration of inverse problems in geoelectrics and numerical solution methods for
these issues is available in the publications of K.T. Iskakov [7-9]. Articles [8, 9] elaborate on the
visualization of acquired data for subsequent interpretation. They encompass the visualization of
georadar data and elucidate GPR signal processing programs designed to interpret subsurface
geological contexts.

A comprehensive analysis of the technical specifications of commonly used georadars, along
with considerations in their application for data interpretation, is documented in a collective
monograph [10]. Typically, resolving inverse coefficient problems necessitates supplementary
information — specifically, the medium’s response at the observation point. In practice, GPR
data, specifically the reflected signals from media inhomogeneities captured by the device’s
receiver, are utilized. Consequently, GPR captures the time taken by reflected signals, which, in
conjunction with built-in software designed to solve inverse problems, facilitates the
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determination of the geoelectric section.

Materials and methods of research. The entirety of the investigations took place within the
confines of a specialized research test site situated at L.N. Gumilyov Eurasian National
University. Commencing in 2014, the site has seen the creation of over 20 objects earmarked for
research purposes. Initial findings from these endeavors were previously made public by the
authors [11, 12]. All resulting empirical data have been meticulously stored within a dedicated
data repository. Moreover, to facilitate a more comprehensive and precise examination,
additional structures were constructed within clean sand. These new installations encompass
updated parameters such as dielectric and magnetic inductivity, as well as medium conductivity.
In tandem with these enhancements, modern radar systems equipped with improved antennas
were chosen for the experiments [13, 14].

The created web application is based on the selection method [1]. The technique of
“selection” represents a prevalent approach in computational practice to achieve an approximate
solution for an equation of the following form: Az=wu, vu€ U,z € F, where U, Fare
measurement domains.

In employing this technique, a comprehensive range of potential media is considered, and the
corresponding calculated physical fields are determined. The aim is to identify any conceivable
medium structure in which the calculated physical field closely aligns with the observed field.
This identified medium structure is then considered a viable solution to the problem. The
selection method is as follows. For a particular element z within a predefined subset of potential
solutions M(M c F), the operator A is computed, in other words, a direct problem is being
solved. We consider the element z, from the set M as an approximate solution, in which the
disparity p,, (Azy,u) = Zléllfv; pu(Az,u) reaches the lowest point [1].

In our scenario, the "“selection" method operates as follows: let's assume
M® (sn,an,hff)),M(z) (e,(f),an,hn),M(3) (en,a,(f),hn) is classes of potential medium

configurations (geoelectric sections), where h® = =D + §r©)| ¢ = (=D 4 560 5
=0,1,2... is variation parameter, h is thickness of model layers. As mentioned earlier, we
address a sequence of direct problems Az; = u;,j = 1,n. From this point, it is not challenging
to deduce the category of media responses at a specific observation point, that is z;(x,t) =
g’ (t). Suppose the readings from the instrument (GPR) are established at the observation point,
namely f/(t). Following the "selection” approach, we compute the disparity p{;(Azj ,u) =
Z?gw pu(AZ; uj). An element that results in the lowest disparity represents the medium's

response, and based on this response, the medium is identified within the M J designated class.
Consequently, the challenge of interpreting georadar data will be resolved.

The technique of “selection” represents a prevalent approach in computational practice to
achieve an approximate solution for an equation of the following form: Az=u, vue U,z € F,
where U, Fare measurement domains.

Results and discussion. Throughout the research, a comprehensive dataset of algorithmic
solutions was compiled to form a category encompassing potential calculated physical fields.
This collection facilitated the selection of geological section models in scenarios involving
layered media.

The algorithms for numerical construction were developed in line with the overarching
theory of difference schemes [15]. To illustrate the functioning of the algorithm, Figure 1 offers
a visual representation of the numerical solution to forward problems for conceivable layered
medium structures.
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Figure 1. Numerical resolution of direct challenges concerning the potential configuration
of a layered medium: a) Signal propagation b) Medium's reaction within a stratified substrate

By altering the fundamental attributes of the media such as permittivity, medium
conductivity, and layer thickness, a notably extensive array of potential media configurations
was established. A sequence of forward problems was tackled for every classification of feasible
media structures. Employing the “selection” approach alongside the established set of
benchmarks, inverse problems related to the geoelectrical equation were addressed. The
findings and trials associated with the development of fresh mathematical software for
processing georadar data are outlined in the publication [16].

As part of the development process, a repository was established, containing geological
section data that is categorized by target classes and the specific medium model utilized.
Furthermore, a web application was crafted, leveraging contemporary high-performance
technologies to offer users convenient access to the data. The software's primary focus centers
on addressing a key challenge in geophysics is determining the geoelectric section and
interpreting radarograms. This is achieved by employing the engineering method previously
detailed, which involves comparing obtained radarograms against established standards and
performing supplementary calculations based on wave propagation theory within the medium.

The database itself is constructed using MS SQL Server, while the software application is
engineered using the object-oriented programming language Java. The architecture of the data
repository and user instructions for the system are elucidated in the article [17]. For an
exhaustive exploration of the system, one can visit http://5.63.119.47:8080.

To cater to diverse user needs, the web application offers functionality across three main
sections: “Radars” (comprising a list of available radars, their descriptions, and antenna
specifications), “Objects of Study” (encompassing characteristics, dimensions, and
electrophysical properties), and “Medium Model” (enlisting layer characteristics, electrophy-
sical properties, and electromagnetic wave propagation velocities within the medium).

All experiments conducted at the research site have been documented within the data
repository. Figure 2 illustrates the interface of the “Experiments” window, designed to visualize
the outcomes of the conducted experiments. To formulate a new experiment, users need to input
details such as its name, date, the radar employed, profile depth, experiment duration, and the
subjects of the experiment. Additionally, the “Experiments” menu provides not only
experiment-related information but also facilitates functions such as editing records and
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generating new entries.
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Figure 2. Menu labeled as “Experiments”

Consequently, the user of the developed system gains access to an “Experiment Card” and
photographic resources. To provide a visual representation of the system's functionality, a visual
examination (depicted in Figure 3) was presented, displaying comparisons between the acquired
radarograms and the existing standards within the database.
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Figure 3. Visualization of viewed experiments

The software that was developed features a user-friendly interface and serves as a valuable
tool for conducting geophysical investigations.

Moreover, users have carried out an analysis of geophysical data, akin to the procedures
outlined in the studies conducted by the authors [16-17].

Conclusions. Throughout the study, experimental measurements were executed to capture
reflected signals from pre-established objects. Subsequently, a data repository was established
and populated with geological section data. This repository is organized into target classes and
follows the medium model used.

Concurrently, a software application was developed as part of the study. This software
facilitates the comparison of experimental radarograms with predefined standard types available
within the database. Additionally, it enables supplementary calculations based on the theory of
wave propagation within a medium.

The work was carried out with the support of a grant from the Ministry of Education and
Science of the Republic of Kazakhstan within the framework of the project IRN AP09058557
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