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Abstract—Examples of interactive formation of digital
models of geological objects in computational experiments
that meet the intwitive regquirements of the expert are given
and discussed. Special tools of the system GeoBazaDannych
are noted, and the results of comparison with standard solu-
tions in the complex " The Generator of the geological model
of the deposit” are presented. Examples of approximation
and reconstruction of the digital feld snd its interactive
adaptation by means of the system GeoBazaDannych are
given and discussed; the obiasined solutions and their
aceuracy are illustrated by maps of isslines.

Kevwords—digital peological muodel, system
GeoBazaDannych, interactive graphical  visuvalization,
intelligent adaptation of digital Gelds. “smart” methods of
computer model adaptation

I. INTRODUCTION

Geological modeling is an independent direction that
includes the improvement of mathematical methods and
algorithms; development of computer programs that pro-
vide a cycle of model construction, forming, filling
and maintenance of databases [1]. The comesponding
software includes the loading from different sources and
data preprocessing, correlation, creation of digital cubes
of reservoir properties, interactive data analysis. visual-
ization with the help of any type graphics. mapping. The
task of developing and implementing various computer-
based geological models with self-wuning tools is one
of the priorities. Herewith, an important component is
the task of evaluating the adequacy and accuracy of the
proposed digital models. The key issues are automation,
adaptation of models taking into account continuously
incoming additional data, as well as a revision of the
results of processing the initial information using new
interpretation methods [2].

The data used in geological and geoecological models
are a representative part of the geodata, which classify,
summarize information about processes and phenomena
on the earth’s surface. This information becomes really
useful when integrated into a single system. Geodata,
as a generalization of accumulated information, include
information not only from the feld of Earth sciences, but
also from others. such as transport, economics, ecology,
management. education, analysis. artificial intelligence.

Technological. system, and information features of geo-
data are noted in [3].

Geodata volumes are growing at a very high rate.
Accordingly, it is natural to wse "big data" technologies
(the specifics for geodata are described in [4]). includ-
ing automated data mining. One of the main aims of
data mining is to find previously unknown, non-trivial,
practically useful and understandable interpretations of
knowledge in “raw” (primary) data sets [5], [6]. At the
same time, following [5]. “data mining does not exclude
human participation in processing and analysis, but sig-
nificantly simplifies the process of finding the necessary
data from raw data, making it available to a wide range of
analysts who are not specialists in statistics. mathematics
or programming. Human participation is expressed in the
cognitive aspects of participation and the application of
informational cognitive models™.

Geodata mining tools are the same as for usual data:
the basis is the theory, methods, and algorithms of
applied statistics, databases, artificial intelligence. and
image recognition. There are many different active and
applied software tools for data mining, for example, 8
classes of data mining systems are identified in [5]. The
variety of proposed methods and software tools make it
necessary to assess the quality of geodata and determine
their main characteristics. Criteria for evaluating the
quality of geodata are discussed in [7T].

A number of issues related to the analysis and ewval-
uation of spatial data quality can be solved using the
computer system GeoBazaDannych [8] - [10]. Possible
options, methodological solutions, and software tools that
allow vou to confirm the validity of interpretations, visu-
alize and obtain numerical values of errors caleulated by
different methods of intellectual data processing results
included and used in computer geological models are
discussed below. For illustrations, the key task of forming
and processing digital fields used in computer models is
selected. In panticular. we discuss the proposed methods
that have been tested for solving different applied prob-
lems, as well as implemented in the interactive computer
system GeoBazaDannych specialized algorithms for cal-
culating approximating digital fields.
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The interactive computer system GeoBazaDuannyeh is
the complex of intelligent computer subsystems. mathe-
matical, algorithmic and software for filling. maintaining
and visualizing databases. input data for simulation and
mathematical models, tools for conducting computational
experiments. algorithmic tools and sofiware for creating
continuously updated computer models. By means of
the system GeoBazaDannych, it is possible to generate
and visualize digital descriptions of spatial distributions
of data on sources of contamination. on the geological
structure of the studied objects: graphically illustrate
solutions to problems describing the dynamic processes
of multiphase fliration, fluid migration. heat transfer,
moisture, and mineral water-soluble compounds in rock
strata; design and implement imteractive scenarios for
visualization and processing the results of computational
experiments. GeoBazaDannych's subsystems allow you
to calculate and perform expert assessments of local and
integral characteristics of ecosystems in different approx-
imations. calculate distributions of concentrations and
mass balances of pollutants: create permanent models of
oil production facilities; generate and display thematic
maps on hard copies. The main components of the system
GeoBazaDannych [8] - [12]:

« the data generator Gen_DATv;

« the generator and editor of thematic maps and

digital fields Gen_MAPw;

« modules for organizing the operation of geographic
information systems in interactive or batch modes:

« the software package Geo_mdl = mathematical, al-
gorithmic and software tools for building geological
models of soil layers, multi-layer reservoirs: mod-
ules for three-dimensional visualization of dynamic
processes of distribution of water-soluble pollutants
in active soil layers;

« software and algorithmic support for the forma-
tion and maintenance of permanent hydrodynamic
models of multiphase filtration in porous, fractured
media;

« the integrated software complex of the composer
of digital geological and geoecological models
(GGMD).

II. EXAMPLES OF INTERACTIVE ADAPTATION
OF DIGITAL FIELDS

Integration of the capabilities of various geographic
information systems (GIS) and GeoBazaDannych is pro-
vided by a wide range of tools of the system for import-
ing and exporting data. images, and functions. Several
non-standard solutions that are recognized as difficult
for all geodata processing packages are discussed below.
The examples of approximation and reconstruction of the
digital field, its interactive adaptation by means of the
system GeoBazaDannych and evaluation of the accuracy
of results using the tools of the GGMD complex illustrate

the unique capabilities of the developed methods and
software. The task of reconstruction of the grid function
involves calculating the values of the approximating
function at regular grid points from the values of ran-
domly located experimental data points (observations).
Le. creating a regular array of Z values of node points
from an irregular array of (X YZ) values. The term
“irregular array of values” means that the X. Y coordi-
nates of data points are distributed irregularly across the
function definition area. The procedure for constructing
a regular network of level values and restoring the grid
function is an interpolation or extrapolation of values
from a collection of scattered sets of source points and
values of surface levels in them to uniformly distributed
nodes in the study area.

Methods for restoring grid functions and the corre-
sponding algorithms are implemented in several spe-
cialized computer graphics and GIS packages. They
can be divided into two classes: exact and smoothing
interpolators [13], [14]. In fact, the method falls imo a
particular class depending on the user-defined settings
when performing value calculations. Most methods for
restoring the function and constructing a digital feld
are based on calculating weighted coefficients that are
used to weigh the values of the measurement data at the
nearest points. This means that, all other things being
equal. the closer the data point is to a network node.
the more weight it has in determining the value of the
function being restored at that node.

It should be understood that restoring a grid function
does not imply finding a single solution to a certain
mathematical problem. Subjective opinion and expert
qualifications are factors that are always present in such
activities [15]. Therefore. for building digital models,
it is important to have tools for interactive data pro-
cessing, simulation of possible situations for obtaining
and correcting input information. and modules for math-
ematical processing and statistical analysis [13], [16].
The multi-format data exchange tools mentioned above
is required for simultaneous work in multiple software
environments. It is important for the user to have tools
that allow them to “play” with the source data and
compare the results with the prepared reference models.
How this is implemented in the system GeoBazaDannych
is described below, the corresponding preparatory actions
in the GGMD complex are described in detail in [L1].
[12]. [17].

The reference surfaces in the following examples are
objects described by the expressions (1) and (2). The
functions [Origin, fHill, fPvramid, [Trench, and zBasic
included in these expressions are described in [11], [1T].
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zSur fBiz. y) = fOriginB{r. y)1+
+45 - FHILZ{0.004 - (2 — 400, 0.002 - {y — 1900) )+

+37 - fPyramid A(0.004 - (z — 350),0.002 - (y — 600))+
15+ fTrenchB(0.003 - (x — 1100), 0.0015 - (y — 400))+
+35 . fHIlY X(0.003 - (x — 1100),0.0014 - {(y — 1700))-H

+15- FHill{0.005 - (x — 2350),0.003 - (y — 950))—
—15 - FHI{0.006 - (z — 1900), 0.003 - (y — 1300))—

—32. FHI(0.0012 - (x — 3000), 0.0025 - (y — 2000))+
+35 - fPyramid B{0.002 - (x — 3300),0.002 - (y — 650)),

fOriginB(z. y) = zBasicB{x).
il

8ur fT(x,y) = fOriginT(z,y)+
+42 « FHILZ(0.004 - (x — 400),0.002 - (y — 1900))+

+37 - fPyramid A(0004 - (x — 350),0.002 - (y — 600} )+
w10 fTrenchB(0L00 - (2 — 9000, 0.0015 - (y — 500) )+

+15 - FH{0.004 - {z — 1100}, 0.0014 - {y — 1700) )+
+15 + FHUI(0.005 - (x — 2150), 0,003 - (y — 1050))—
—15 + fHUI{0.006 - (x — 1900), 0,003 - (y — 1300))—

—13 - FHUI0.0012 - (x — 3000), 0.0025 - (y — 2000) )+
425 - fPyramidB{0.002 - (x — 3300). 0,002 . (y — 650)).

fOviginT(x, 4} = zBasicT ().
)
An example of creating a model of the reference
surface, which is obtained from the base surface by
adding elements of the listed types (2 pyramids, 5
hills, 1 trench). is shown below in Fig. 1. Fig. 2. It's
important that in the resulting equations (1), {2} the
coefficients in the formulas of perturbation elements
tHill, fPyramid, {Trench are chosen by user while vi-
sual construction. Shown in figures images of surfaces
SurfB(x.y), SurfTix.y) give an aggregate vision of
these surfaces. Individual details can be studied on the
maps of isolines Fig. 3. Fig. 4. We emphasize attention
on fragments of the zSurfB surface, namely, perturba-
tions (HlZi400,1900), (HllYZ01100,1700). The element
FHITZ(400,1900) simulates the presence of a platean
iclipping with a horizontal plane). fHilIVZ(1100,1700)
simulates a split {in geology — shift-overshoot), and
is mathematically described by clipping a smooth hill-
type shape with a wvertical plane. Similar perturbations
are specified for the zSurfT surface. but instead of
FHITYZ(1100.1700), the expression AN 110017000 is
accepted — without clipping (no split). Such fragments of
fHillZ and fHillY"Z cannot be reproduced vusing standard
methods for restoring digital fields. Also note that in the
following illustrations, the isolines corresponding to the
plateaun levels (for zSurfB - level 9) are not displayed.
In the zSurfB illustration. level 10 is shown to further
emphasize the boundaries of disturbances placed on the
plateau section.
Ilustrations Fig. 5 - Fig. 10 show examples of
possible solutions using the methods of “adjustment”
distributions in the system GeoBazaDannych, and for
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this purpose. the steps of simulating observations and
restoring the distribution over a scattered set of points
with measurements are performed. The corresponding
results obtained in the [11] are shown on the isolines map
in Fig. 4. The measurement points {163 dots) are placed
on the profiles, they are given for different observation
profiles by different primitives. and the centers of the
perturbation forms are marked with circles (red circles,
10 dots). On maps, the isolines of the reference field
are given as solid lines; to the restored field. they are
dot-dashed green lines. There was no goal to choose
a good system of profiles, they are formed sketchily,
about how often designers do this. The reconstructed
field is obtained by the 2nd-order imerpolation method
in Wollram Mathematica. The implementation features
are described in [12], note that in Mathematica, when
working with irregularly placed data points, interpolation
can only be performed wsing the 1st order method. Using
the mentioned initial data, in Gen_MAPw obtained the
results of digital field reconstruction by spline approx-
imation of GeoBazaDannych's method, the resulis are
shown in Fig. 6.

How to understand the results shown in Fig. 7 -
Fig. 107

In this case, the task is to correct the digital fields
obtained by the approximation algorithm via using such
GeoBazaDannych's elements as subdomain, selected,
split, and boundary conditions [10]. In fact, it is an
interactive intellectual adaptation.

To get results in the system GeoBazaDannych, the
data of measurements on profiles and control points in
GGMD are exported to an Xls file that is imported
mto Gen_MAPw. The corresponding illustration is given
i Fig. 5. where the profiles. points of observation are
shown: the values of measurements are displayved near
their primitives. In the database, values are stored with
machine precision. for brevity. the output of the map is
made in the format of a single significant number after
a decimal point. You should also note that the “over-
clocking numbers” command 1s applied to the image in
Gen_MAPw - where there was an overlap, the program
shifted the digits of the values, and turned some of them.

The possibilities of adapting digital fields in
Gen_MAPw are illustrated in Fig. 7 - Fig. 10. The
boundary of the area, the calculated grid is not changed,
the boundaries of subdomains, inclusions. and the
contour-split are entered (Fig. 7). “Allocat sections
ithey're 4. different boundary conditions) provide au-
tonomous calculation in nodes within these subdomains.
Points that belong to these regions with measurements
outside the “Selected” sections are not taken into ac-
count, Two sections marked with horizontal hatching
have attributes that identify the areas bounded by them
as inclusions. In inclusions, an autonomous calculation
of the digital field is also performed, and points with

measurements that get inside “give” their values w the
border. and they are taken into account in the external
pari.
The isolines of the distribution calculated in this
way and the isolines of the reference held (Fig. & -
Fig. 1) are very close. It should be noted that the initial
capabilities of the system GeoBazaDannych have been
significantly expanded in recent years. This was achieved
by integrating and addition the system with the tools of
the GGMD complex and the functions of the computer
algebra system. In the current state, GeoBazaDannych
provides users not only with the means o solve specific
industrial tasks, but also with the possibility of scientific
research on new methods of analysis and processing of
initial data and used computer models. In particular, for
the above problem, error estimates are obtained using the
method described in [12]. We do not give specific digits
here, because the errors of the so-calculated adapted
field are comparable to the accuracy of obtaining grid
functions. and these errors are an order of magnitude
lower than in the unadapted field.

ITl. CONCLUSION

The article discusses the gquestions of instrumen-
tal filling and wse of the interactive computer system
GeoBazaDannych. The results of intellectual processing
of data included and used in computer geological models
are presented and discussed.
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