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Abstract:

The paper discusses the concept of construction and monitoring of
capacity changes - the volume of the "Garajevac-Istok" excavation
(mine), located in the cadastral municipality of Novi Be¢ej. Namely, in
the earlier period, the physical surface of the Earth and geospace in
general were shown two-dimensionally (2D), in a plane, by some of
the cartographic methods (contour lines, points heights, hypsometry)
or three-dimensionally (3D), by modeling of reliefs and relief cards.
The cartographic principles of terrain making and visualizing on relief
mapping models allow the creation of 3D views, but not enough
quality and engineering precise 3D terrain models. In addition, there
is a possibility of quantitative and qualitative assessment of the
terrain on the mentioned models not to be accurate enough.
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With new technologies, the 3D geospatial display mode changes, and
the concept of digital terrain modeling (DTM) is being applied. The
main goal of the work is to create 3D models and to give an analysis of
the "Garajevac-Istok" mine for a certain period of exploitation.

Key words: maps, GIS, volume, changes of terrain, DTM, analysis.

Introduction

The elevation of the terrain (relief) in the cartographic sense can be
represented by contours lines, shadows, hypsometry or their combination.
Today, GIS technology, i.e. the digital terrain modeling (DTM) method, is
increasingly used. Namely, DTM is the mathematical (statistical) representation
of the continuous terrain surface based on a representative set of data in the
form of points, lines and other characteristic details collected on the ground (Li et
al, 2005). The surface of the terrain in a digital form can be presented in three
ways (Figure 1):

e contour lines;
o the function of the two variables; and
e volumetric (volume) model.

Figure 1 — Terrain preview: a) contours, b) functions of the two variables Z=f(x,y),
¢) volumetric
Puc. 1 — OmobpaxeHue mecmHocmu: a) KoHmypsl, b) coyHkyuu d8yx nepemeHHbix Z = f
(x, y), c) obbemHoe
Cnuka 1 - lNpuka3 mepeHa: a) uzoxuricama, b) pyHkyujom 0eejy sapujabnu Z=f(x,y),
c) sonymempujcku

The subject of this paper is the geomorphological changes in the terrain
and the capacity of the "Garajevac - Istok" surface mine in the cadastral
municipality of Novi BecCej in the period of 2015, and a comparison with the
situation from the period of 2014 and 2013. The analysis of the changes and the
comparisons is done by calculating volume and by making terrain profiles. Also,
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the comparison of the condition of the terrain from 2015 is shown by the curve of
the capacity (volume) in relation to the physical - topographic surface and the
creation of profiles for the purpose of future use of data in the analysis and
maintenance of the land using DTM.

Geospatial data is collected and processed automatically to obtain 3D field
models in raster or vector formats (Cross & Moore, 2014). The visualization of
field changes can be accomplished by using heights or depths, or can be
described using a profile (Ceylan et al, 2011).

Calculation of the excavation and excavation capacity for each part of the
capacity curve with regard to the surface is based on the prism calculation
method (Omura & Benton, 2013). The procedure consists of calculating the
partial volume of the excavation between the two contour lines. Namely, the
partial volume is calculated from the mean surface of the contour (the upper and
lower contour of the part "height-depth" being examined), multiplied by the
difference in the height of these two contour lines (Chappel, 2014). The surface
of the contours can be obtained using GIS or the CAD technology using a
digitized map with contour lines (Arrighi & Soill, 1999). When calculating the
cubature in a given region for different epochs in which the change is monitored,
it is first necessary to define the position (horizontal) surface A, which occurs by
projecting the 3D surfaces on the horizontal plane along the vertical (Figure 2).

Figure 2 — Calculation of a volume based on a) TIN and b) Grid model
Puc. 2 — Pac4em obbema, ocHogaHHbIl Ha a) TIN u b) Mpud modenu
Crnuka 2 — PayyHare Kybamype 3acHogaHo Ha: a) TIN u b) 'pbud modeny

The volume V; of the triangulation prism from Figure 2 under a) can be
determined by the formula:

Z,+72,+12
1 2 3
Va_—xAA

where the distances (height) of the DTM points to the horizontal plane. Similarly,

for DTM in the form of Grid (Figure 2 under b), the volume V, can be determined
according to the formula:
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L+, +2,+1,

4 x A

Based on these two formulas, the volume V of the excavation and the
embankment, and based on the DTM engineering design can be expressed:

Vv,

v :VoriginaIDEM _VneWDEM

In addition, the resulting values for V can be interpreted as V > 0 for the
excavation, V < 0 for the embankment, and V = 0 when there are no changes.

Methodology and technology of work

The main task in this paper is to calculate the soil (clay) mass of cubes, in
order to monitor excavation changes as a result of continuous exploitation for a
certain period of time. The implementation process is based on the methods of
forming a 3D terrain model for the previous period and the period after
exploitation. All modeling and computation of changes and volume masses are
carried out in software packages for geo-engineering works (Chappel, 2014).

In addition to the primary task in the work, the control of the display was
performed as well as the verification of the calculation of the volume through the
transversal profiles, the analysis of the obtained DTMs, and their visualization.
The time periods included in the modeling relate to 2013, 2014, and 2015; more
precisely, the 3D models are formed on the basis of data related to changes
throughout the entire year (January - December).

Research area

The location covered by the work is located in the Central Banat District,
the municipality of Novi Becej, the cadastral municipality of Novi BecCej, on the
eastern border of the construction zone of the city in the area "Garajevac"
(Figure 3).

Figure 3 — Display of the the area covered by the work
Puc. 3 — OmobpaxeHue nnowadu, oxea4eHHoU pabomamu
Cnuka 3 — lNpuka3 nodpyyja koje je obyxeaheHo padom
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The plot itself, i.e. the land, belongs to the construction company "Polet"
AD, Novi Becej, which realizes the excavation of clay for the needs of the
production of construction products (tile, brick, ceramics). At the site, there was
already one mine on the west side of the mine covered by this work, which had
been exploited in the past, until the moment when all the land owned by the
company was used. At that time, the land was purchased for the purpose of
opening a new mine, which is being discussed here, in order to provide raw
materials for production needs.

Data collection for the DTM formation

For DTM, relevant data on the surface of the terrain to be modelled are
necessary (Silieg et al, 2018). For this purpose, relevant data from digital
substrates - geodetic plans, which were formed in previous measurements and
area analyzes, were used. The existing data in a cartographic form are in CAD
formats, where the main carriers of relevant information are points whose
positions are described by the x,y,z coordinates, contours and symbols applied
to describe topographic relationships of objects (Figure 4).

& |w|® % e |% =

Figure 4 — Existing digital cartographic data
Puc. 4 — Cywecmsyroujue yugposbie kapmoepaghudeckue 0aHHbIe
Cnuka 4 — lNocmojehu duaumanHu kapmozpaghbcku nodayu

It is necessary to adapt data for the needs of DTM modeling to enable the
required processing (Zhang, 2005). This is generally done by raising the points
and isohypses into the 3D space, since in the original state they are set
horizontally with the written heights.

Since the excavation of the material - clay takes place throughout the year,
more precisely from the beginning of the spring to the beginning of the winter, it
is necessary to collect data for each year from the field in order to monitor the
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changes in the terrain created by the excavation. The field work of data
collection is mainly conducted at the end of the year, i.e. after the completion of
the excavation for that year. It is practiced that at the end of the year, the current
state of the excavation is measured due to favorable meteorological conditions
and reduction of field work at the end of the year, when the measurement
conditions are worse (Zhang, 2005).

For terrain surface capture, a terrestrial polar method of total cell
measurement was used (Simon & Howel, 2007). The working group consists of
four people: two geodetic experts - the more experienced one organizes the
measurement process itself and keeps the record/sketch of field measurements
(Figure 5), while the other one works with the instrument, and two assistants
carrying prisms.
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Figure 5 — Field sketch of the measurement
Puc. 5 — Ocku3 rnoneeoeao uaMepeHust
Cniuka 5 — TepeHcka ckuuya cHuMara

The geodetic basis for the measurement is established in previous
measurements, and relies on the state trigonometric and polygon network.
During recording, all measurement data are automatically stored in the total
station, so it was not necessary to conduct additional recording minutes other
than a sketch of the recording. This also enables simple data transfer in a digital
form from the instrument to the computer memory. Recording takes place
according to all the rules of the profession (Environmental Systems Research
Institute, 2010). The accuracy class is prescribed by the project task, which is
compiled by the investor and amounts to:

- standard deviation of the horizontal position < 50cm; and

- standard deviation of the vertical position < 5cm.
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Since it is monolithic excavation (Figure 6), the recording is performed on
profiles at distances of 25m, with exceptions in places where significant changes
in the terrain occur, and where the recording is swollen by points. This way of
generalizing during recording ensures that the required accuracy is achieved in
terms of describing the real surface of the field.

Figure 6 — The excavation site
Puc. 6 — M306paxeHue Kapbepa
Cniuka 6 — U3zened uckona

In this paper, AutoCAD was used for data preparation, creation of
breaklines (structural lines), insight and definition of the model scope as well as
for neglecting the existing data that have no impact on modeling. Also, the
AutoCAD software package can be used to model 3D complex objects that can
be arbitrarily measured, tilted, rotated, and displayed in projections, views and
transverse profiles from all directions, etc. (Chappel, 2014).

AutoCAD Civil 3D is a program designed for engineering in construction
and geodesy (Autodesk, 2018). It is used for designing, analyzing, producing
documentation, visualizing, etc. It relies on an AutoCAD work environment and
built-in functions with extensions that allow for additional design options related
to the application area (Chappel, 2014). In this paper, AutoCAD Civil 3D was
used to create DTM, to calculate the cubature of the soil mass, to control
modeling and calculations, as well as for various analyzes and visualizations.

Formation of digital terrain models in the TIN structure

The first step in forming DTM is to prepare data in AutoCAD. After the
recording is completed, the data is stored in the computer memory in a specific
format (dwg, dxf, txt, etc.). Data processing starts with loading the new recorded
data onto the existing map formed in the previous year (in this case, 2012). This
is presented in Figure 7.
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Figure 7 — Downloading the recording data onto the existing map
Puc. 7 — 3aepy3ka 3aMepeHHbIX OaHHbIX Ha Cywecmesyrouwyto Kapmy
Cnuka 7 — Yyumasare no0amaka CHUMar-a Ha rnocmojehy kapmy

The measurement data from the current year are shown in red and in the
following text, for easier explanation, they are called calculative data, while the
data from the previous year in black are called zero states.

Points are loaded as 3D, i.e. they are positioned on all three coordinate
axes (x, y and z). After that, the structural lines are defined by connecting the
points with 3D polylines (Figure 8), which, based on the acquired experience,
will play a major role in the quality development of DTM. The connection is done
on the basis of the field sketch, in which the characteristic lines are indicated, as
an essential element.

Structural lines are very important in the formation of DTM. They introduce
a limitation during triangulation which says that the triangle sides connecting the
points (the vortices of the triangles, knots) should not cut the structural lines
(Silieg et al, 2018). The map thus formulated serves as a starting point for
further work. In addition, data that will be further used for the DTM formation
(points, lines, contours) should be selected.

In this paper, since the field data were collected in the previous years,
points are generally used as basic data, complemented by structural lines. It is
recommended that prior to moving to the DTM model, those data that are of
greater significance should be selected and extracted for easier processing in
later stages (Li et al, 2005). For this reason, data are also extracted here by
such selection, where only data that are in the scope of the new state are taken
from the old set of data, while others are ignored because they have no effect on
the formation of DTM (Figure 9).
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Figure 8 — Construction of the structural (course and ridge) lines
Puc. 8 — lNpoekmuposaHue cmpyKkmypHbIX TUHUU
Crniuka 8 — KoHcmpyucare cmpyKmypHUX fTUHuja

Figure 9 — Separation of the data based on which the DMT is formed
Puc. 9 — BbideneHue daHHbIX Ha OCHO8aHUU Komopbix co3daemcs LIMM
Cnuka 9 — N30sajarbe noGamaka Ha 0cHosy Kojux ce chopmupa MT

This sort of data is saved as a new .dwg file, which is processed further on.
After that, the DTM is modeled in AutoCAD Civil 3D. The previously prepared
data are loaded into the program. The display is identical to that of the classic
AutoCAD. In the left part of the program, there is a toolbar (ToolSpace) with
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different models. The Surfaces option is selected, and the right click is applied to
create new surfaces (Figure 10).

=-[) prekloplienc | racunanje - palazn... 3
i Points i
A Creste Surface X
Tyme: Surface layer:
Thsurface ~ =
[B] Catchments pam—— e 1
e Ji) pips Netwerks [ pr—
i ) Pressure Networks. = Novo starje H
i [ coniders Desmriztion Desmiztion
L Style Standard
Randr Materil Byleyer
[E] View Frame Grous
5-[#] Data Shaneuts []
(% Surfaces
W 7g Alignments
-2 Pipe Metworks =
T Pressure Networks \;Iu" selecting OF wil reate In the it af sur
[F view Frame Groups

Figure 10 — Creating new surfaces in AutoCAD Civil 3D
Puc. 10 — MNpoexkmupoesaHue Hosoli mecmHocmu 8 AutoCAD Civil 3D
Cnuka 10 — Kpeuparse Hose nospwiu y AutoCAD Civil 3D

Namely, a window with the basic surface settings appears, where the
surface type, in this case the TIN structure, is selected as well as other settings
such as the choice of layers, display styles, etc.. After that, the surface itself is
defined by adding the data on which the modeling will be done. Given the input
data type, and these are 3D points, the option of adding points is chosen (Figure
11).

& Add Points From Drawing Objects =

Cancel e

Figure 11 — Input data (3D points)
Puc. 11 — BxodHble daHHbIe (3 moyku)
Cnuka 11 — ¥YnasHu nodauu (34 mauke)
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A 3D terrain model was created, i.e. DTM. In the style of the created
surface, isohypses with the one-meter equidistance were selected (Figure 12).
Visual inspection shows that the contour lines do not represent the given terrain
well.

= % P = =
: ”:‘/-— % N “___ m"' ) - _
M - <) N - -
LS\
SN -
. ~ MM
N\ Z -

Figure 12 — Appearance of the isohypses of the created DTM
Puc. 12 — Bud u3soeurcsi, paspabomaHHol LIMM
Cniuka 12 — N3ened usoxuricu kpeupaHoa AMT

In order to confirm the doubts about the created model, it is necessary to
see it in some other views. A 3D view was selected in a realistic form (Figure
13). What is suggested from the display of the isohypses is confirmed by the 3D
view, i.e. the obtained model is not good. The reason for this is the note
described earlier, relating to the structural lines. Since the bottom of the
excavation has a shape of a saw, it is expected that it will be the same on the
model as well. Namely, in these places there are sudden ridges of the terrain
and they must be taken into account, i.e. the structural lines already created as
3D polylines.

The input of the structural lines is done in the tool space, where the surface
of the new condition is selected by right-clicking on the Breaklines option. After
that, there is a selection of 3D polylines which are constructed in the previous
steps, in the same way as in the selection of points. Once the selection of a set
of structural lines is confirmed, the program automatically processes the 3D
model that obtains a new appearance (Figure 14).
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Figure 13 —3D model view in a realistic form
Puc. 13 — U3obpaxeHue 3[] modenu 8 peanucmuyHol ¢hopme
Cnuka 13 — lNpuka3 3] modena y peanucmuyHoj chopmu

=@

$|w ®AaTS o G

FoNT 40

Figure 14 — Appearance of the DTM after adding the structural (course and ridge) lines
Puc. 14 — UsobpaxeHue LIMM riocrie dobasneHusi cmpyKmypHbIX JIUHUL
Cnuka 14 — Uzened [JMT HakoH do0agar-a CmpyKmypHUX JIUHUja

By visual inspection of the model and the comparison with the actual

surface of the terrain (Figure 15), we can conclude that the formed DTM
satisfactorily represents the real physical surface.
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Figure 15 — Appearance of the actual surface of the terrain
Puc. 15 — UzobpaxeHue Hacmosiwel nosepxHocmu MecmHocmu
Cnuka 15 — U32ried cmeapHe nospuwiu mepeHa

The DTM was created in the TIN structure for 2013, and in this paper it will
present the first zero state in the calculation of the volume. After that, it is
necessary to create the DTMs for 2014 and 2015, according to the same
procedure as explained for the 2013 3D model (Figure 16).

Figure 16 — DTM for years: 2013 (first on the left), 2014 (middle) and 2015 (right)
Puc. 16 — UMM e 2013 200y (nepsoe crniesa), 2014 20dy (e cepeduHe) u 2015 eody
(cnpasa)

Cnuka 16 — [JMT 3a eoduHe: 2013. (npsu ¢ nese cmpaHe), 2014. (cpedru) u 2015.
(GecHu)
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It is clear from the Figure that the models are created only for the
excavation for the year they are showing, and do not include data from the
following, i.e. neighboring years. More precisely, in the vertical sense, they do
not overlap completely. Also, from the top view onto the models, it can be clearly
seen that the excavation is shortened in the years after 2013 (Figure 17).

i

Figure 17 — 3D model view from above
Puc. 17 — Bud 3[ modenu ceepxy
Cnuka 17 — lNoaned Ha 3] moden 000320

In order to be able to calculate the volume of the soil (clay) mass, it is
necessary that the boundary of the surfaces for both epochs be identical. This
implies the addition of data to the surface in order to complement the border.

The procedure is performed as with the original definition of DTM, by
selecting and adding points. The filling was done on the 2013 model with the
data from 2014, by selecting the points of the upper rim of the excavation. In this
way, we have ensured that the zero model (2013) fully covers the calculation
model from 2014 (Figure 18, left). In Figure 18, the right models are only spaced
vertically in order to visualize the fitting of the two models.

The supplementary model clearly shows that in some places there is a
punching of the calculating surface through the zero surface. The conclusion is
that the heights referring to the calculation surface are higher than the heights in
that zone on the zero surface. It is to be expected that this phenomenon is
numerically interpreted in the calculation of the volume.
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Figure 18 — 2013 model supplemented with the data from 2014
Puc. 18 — [JononHeHHast Mmodernb u3 2013 200a daHHbiMu u3 2014 2o0a
Cnuka 18 — Moden u3z 2013. 2oduHe donyreH nodayuma modena u3 2014. 2oduHe

Figure 19 — Calculation boundaries for 2013 and 2014
Puc. 19 — Pybexu pacyema 2013 2. u 2014 e.
Cnuka 19 — NpaHuuya padyyHarba 3a 2013. u 2014. eo0uHy

Also, the 2013 model is longer, so it is necessary to define the boundary of
the volume calculation. This is accomplished by drawing 3D polylines connecting
the peripheral excavation points from 2014 and adding the boundary in the
toolbox, via the Boundaries option (Figure 19).
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Figure 20 — Models of 2014 and 2015 for calculating the volume
Puc. 20 — Modenu 2014 2 u 2015 e. onsa pacdema obbema
Cnuka 20 — Modenu u3 2014. u 2015. 200uHe rnomMohy Kojux ce obpayyHaea Kybamypa

In the same way, the model is expanded for the period 2014 — 2015 (Figure
20).

Calculation of the soil (clay) volume

After the established DTMs for 2013, 2014, and 2015, the calculation of the
volume of excavated clay is accessed. All works are of great importance, but
especially geodetic works should be carried out carefully and precisely. Namely,
when the satisfactory quality of the created DTM is confirmed and accepted,
then the volume is calculated in the AutoCAD Civil 3D software package.
Calculation is done individually for 2014 in relation to 2013 and for 2015 in
relation to 2014. This method of calculation was selected because the company
that is the contracting authority monitors the changes of the "Garajvac - istok"
surface mine annually.

As already mentioned, the DTMs used for 2013 are used as a zero surface,
and those for 2014 as a calculating surface. Calculation of the volume is
performed in AutoCAD Civil 3D. In addition, tools are used where the options for
calculating the volume of the 3D model of reference surfaces are chosen and
the names of the volume models are continuously adjusted, where the base
surface is zero, and a comparing one is a calculation surface. A report on the
amount of volume can be stored in some of the textual formats. The calculated
volumes for 2013.- 2014 have the following values:

- excavation (cut): 42385m?;

- fill (fill): 147m?%; i.e

- total volume change (net): 42238m>.
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In the same way, the volume of the excavated clay for the period 2014 -
2015 is calculated. Based on the established DTM for those years, the following
volume values were obtained:

- excavation (cut): 62948m?;

- fill (fill): 62m>; i.e

- total volume of changes (net): 62887m°.

Based on the calculation and based on this period, it can be concluded that
the excavated volume values were expected, given that the embankment value
is only 62m®.

Calculation control over transversal profiles

In the previous chapter, the required volume meters were calculated. The
confirmation of the correct calculation was made only on the basis of the
conclusion that the created DTMs are correct. In order to perform additional
control of the calculation and at the same time to perform the DTM verification,
the analysis of the transversal profiles of the DTM should be carried out. In order
not to burden the work with unnecessary repetitions of procedures, the average
profiles for only one calculated volume will be shown - for 2013 - 2014.

The profiles are defined at distances of 25m, and such a choice is justified
by the fact that the survey of the terrain was done by profiles at the same
distance. It is estimated that such a profile layout will give good control of the
calculation. First, the profiles are arranged for DTM. The direction of the profiles
is normal to the direction of the excavation extension, which is largely
straightforward. A total of 20 profiles were distributed (Figure 21).

Figure 21 — Splitting the transversal profiles via DTM
Puc. 21 — PacnipedeneHue nonepeyHbix npogpurnel ¢ nomowibto LIMM
Cnuka 21 — Pacnopefiusare nonpeyHux npoguna rnpexko JMT
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The arrangement of the profiles is mostly influenced by the configuration of
the terrain, and given that in this case it is a monotonous excavation, the chosen
profile layout provides quite satisfactory results. When defining a profile, it is
necessary to draw out the intersection lines by which the 3D model (cross
sections) will be cut and will be made in the direction as stated above. When all
the lines are plotted, the program should be set to show that they will actually
represent the profile cross section lines (Figure 22).

Figure 22 — Creating the cross-lines of a 3D model
Puc. 22 — lNpoekmuposaHue nuHul cedeHus 3 modenu
Cnuka 22 — Kpeupatbe nuHuje npeceka 3/ modena

When a cross section of the 3D model is created, it is also necessary to
define the profile itself, i.e. which profile the concrete line of the cross section
refers to. The most important settings are: select the cut line for the profile that is
being created, add surfaces that will be included in the transversal profiles as
well as other settings (layers, display styles). When the profile parameters are
set (the profile to which it relates, the display styles, etc.), the specific profile is
plotted, or it is confirmed on the drawing worksheet where the profile will be
generated (Figure 23).

The generated profile layout contains information about the appearance of
the zero surface (green line), the calculating surface (red line), the surface of the
figure that the profiles limit, the height, etc. All other profiles are formed
according to the same principle (total of twenty). Nineteen profiles are at
distances of 25m, and the last one is at 4.85m because this is the space left to
the end of the excavation (Figure 24 and Figure 25).
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Figure 23 — Generating the profile layout
Puc. 23 — leHepuposaHue suda npoghuris
Cnuka 23 — NeHepucare usaneda npoghuna
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Figure 24 — Generated profiles from 1 to 4
Puc. 24 — CeeHepuposaHHble nipogpunu ¢ 1 do 4
Cnuka 24 — lNeHepucaHu npoghunu 00 1 0o 4
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Figure 25 — Generated profiles from 5 to 20
Puc. 25 — CeeHepuposaHHbie npogpunu ¢ 5 0o 20
Cnuka 25 — NeHepucaHu nipoghurnu 0d 5 do 20
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When the profiles and the surfaces of the figure limited by the lines of the
zero and calculating surfaces are determined, the control calculation of the
volume for the period of 2013 — 2014 can be carried out. The control of the
calculation is performed in the following way: the individual volume of soil (clay)
is defined, limited by the zero and calculating surfaces and two adjacent profiles.
For determining such a volume, it is necessary to determine the mean value of
the surface of the figures from two adjacent profiles, as the arithmetic mean of
the formula:

P _ R

I,zapremine
P Pi+1

where is:

Pilzapremine - the mean value of the figure surface area between two adjacent
profiles;

Pi - the area of the profile figure where there is the beginning of the individual
volume;

Pi+1 - the area of the profile figure where there is the end of the individual
volume.

Then, an individual volume value is calculated between each two adjacent
profiles as the product of the mean value of the figure surface area and the
distance between the profiles:

V. =P * L

i i,zapremine i

where is:
L; - distance between two adjacent profiles (25m, except the last one).

The calculation results are shown in Table 1. The calculated volume value
for the observed period of changes from 2013 to 2014, based on the cross
sections, is 41889.52m?3. Bearing in mind the previously calculated volume which
amounted to 42385m?3, or programmatically based on the formed 3D terrain
models for 2013 and 2014, it can be considered that the obtained values of the
volume are consistent to a large extent. The reason for the discrepancy between
the results is that the generalization process occurs, or due to the deployment of
the profile lines, when the cross-section profiles are plotted, the mentioned
process leads to generalization and certain distortion of the results.

Since the matching of the results from these two counting processes
amounts to 98.8%, and on the basis of previous work experience, it can be
considered that the volume obtained on the basis of the formed DTM is
completely acceptable, i.e. obtained by auto-counting in AutoCAD Civil 3D.
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Table 1 — Calculation of the total volume of the excavation based on transversal profiles
Tabnuua 1 — Pacuem obuwezo obbema Kkapbepa Ha OCHO8aHUU MonepeYHbIX rnpogunel
Tabena 1 — PadyHarbe yKynHe Kybamype uckorna Ha OCHO8Y rornpeyHuUx npoguna

gfumb?;e tSr;]qeuare rofi?ef Mean value of the | Distance between | Cubature between the

profile (m?) p square figure(m?) the profiles (m) adjacent profiles (m?3)

1 18.

5 93 2? 56.545 25 1413.63

2 94.21

3 105.52 99.865 25 2496.63

i 18:22 106.790 25 2669.75

g 1(1)222 111.440 25 2786.00

: Hj?j 114.615 25 2865.38

s 1132(1) 114.455 25 2861.38

; 11:23 114.435 25 2860.88
114.37

S 108 24 111.355 25 2783.88
108.34

51)0 18? 25 104.795 25 2619.88

1 101.2

1? 92 955 100.100 25 2502.50

1; 3?2: 95.415 25 2385.38

1:23 3(13:3?) 92.490 25 2312.25

::i 2312 91.625 25 2290.63

14 90.15

15 88.24 89.195 25 2229.88

::2 32?7‘ 82.555 25 2063.88

::s ;Sg; 72.395 25 1809.88

17 7.92

18 33 25 70.785 25 1769.63

18 73.65 43.325 25 1083.13
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zlfumb?rr]e tShiuare rofi?ef Mean value of the | Distance between | Cubature between the
profile (m?) P square figure(m?) the profiles (m) adjacent profiles (m?)
19 13.00

19 13.00

20 2206 17.530 4.85 85.02

Total cubature: 41889.52

Namely, the method of calculating the volume on the basis of transversal
profiles can be used as a counting control, as is confirmed by the results. In
addition to this control purpose, generating cross-sectional profiles plays an
important role in verifying the 3D model, since it provides a clear image of the
vertical cross-sectional view. In this case, it is clearly seen that the bottom of the
excavation is saw-shaped and that one side of the excavation climbs steadily to
the top, which absolutely corresponds to the actual situation on the ground.

Different types of information are contained in the generated transversal
profile, for example, the slopes of the terrain. Also, the measurement of many
elements shown in the transversal profile is enabled (Figure 26).

6168 e .“ e
0,62
f———-‘»——‘i‘ =
|
43% —
| 50.43% s
6247-‘ @l i\”o \‘ \
56,037~ \

=940 =

Figure 26 — Slopes of the surfaces shown on the transversal profile of the 3D surface
model
Puc. 26 — YKnoHbl Ha MecmHocmu, u3obpaxxeHHble Ha rnonepe4yHom npogpune 3/
modenu
Cnuka 26 — Hazubu nospuwuu npuka3aHu Ha rnorpe4yHom ripogpusy 3L modena nospwiu

Also, the surface can be more clearly and easily seen via the cross-
sectional view, so it is often used in design in construction works, traffic,
hydrography, mining, etc.

3D terrain model visualisation

In the previous part, 3D modeling of the surface of the ground for different
time moments (2013, 2014, and 2015) was carried out, based on which different
analyzes were performed in order to solve a certain type of problems
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(calculation of volume). In explaining these procedures, the formed 3D terrain
models were interpreted in different ways (using contour lines, profiles, 3D solid
models, etc.).

Visualization of the 3D model is one of the most important features. The
way in which the information is transmitted to the user depends on the model
itself. Styles, colors, data display, and viewing angles provide the field
information that should be approximate to that that might be collected by
observing actual surfaces on the ground. Also, visual verification is very
important in controlling 3D modeling. Due to all of the above, several ways of
presenting DTM will be displayed.

One of the most commonly used methods of displaying geomorphologic
characteristics is contour lines. Based on the established DTM, this display
mode is possible at any moment (Figure 27) and generating a model with a
different equity is extremely simple and automatic (Figure 28).

-
*
& ¥

i

Figure 27 — Model display via contour lines - equidistance 1.0 m
Puc. 27 — NzobpaxxeHue modenu u3oeurcoli — paseHcmeo omcmosiHul 1.0 m
Cnuka 27 — lNpuka3 modena npeko uzoxuricu —ekguducmaxyuja 1,0 m

,
A

s A

ST \
"Cﬂ \ c

b

Figure 28 — Model display via contour lines - equidistance 0.5 m
Puc. 28 — NzobpaxeHue Modenu uzoeuricoli — pageHcmgo omcmosHut 0.5 m
Cniuka 28 — lNpuka3 modena npeko uzoxurcu — ekguducmaryuja 0,5 m
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To see the triangles formed during triangulation, one of the good ways of
displaying is a wired model (Figure 29) or a shady solid model made up of three-
dimensional facets (Solid model - 3d faces) shown in Figure 30.

Z /{f’/ ) y /9{’/
SKIARY

A / W/ I
Figure 29 — Wired 3D model

Puc. 29 — KapkacHasi 3[] moderb
Cnuka 29 — XXu4aHu 3/[] moden

13047

Figure 30 — Shaded model composed of triangular facets
Puc. 30 — Modenb 3ameHeHusi, cocmosiwasi U3 mpeyeaorsibHbIX epaHel
Cnuka 30 — CeH4yeHu moden Koju ce cacmoju 00 mpoyeaoHuUx chacema
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Conclusion

The paper presents the entire process of creating and forming 3D models,
from measuring and data processing to displaying and monitoring changes in
the capacity of the "Garajevac - Istok " mine. The research and analysis pallete
that can rely on the image of the digging profile and its three-dimensional display
is far more extensive. The primary analysis is to monitor changes in the shape
and capacity of the excavation during the exploitation of clay during the
subsequent period (2013-2014, 2014 - 2015).

3D models were formed on the basis of the data collected on the terrain by
terrestrial recording by the total station and taken from the already existing
digital maps and plans. Progress in terms of improving the technique of
collecting data on the field is certainly possible, first and foremost, by using
modern methods of recording (laser recording, photogrammetry). However, in
order for various planners, engineers and local services to use depth
measurement data on a daily basis and to have the latest state available, it is
useful to establish a geoinformation system. Such a system requires constant
data updating and its upgrading to new data layers. In this way, a rich database
will be obtained, useful primarily for a rapid development of 3D excavation
models, precise profiles and various thematic maps.
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® Benrpafckuin yHMBepcuTeT, MHCTUTYT XMW, TEXHOMOTMIA U MeTanmnypruu,
LleHTp akonornu n TexHo3koHOMUKM, 1. Benrpag, Pecnybnuvka Cepbus

" Pecny6nnkaHcKoe reofieamyeckoe BelOMCTBO, I. benrpag,
Pecnybnuka Cepbus

PYBPUKW: 36.23.00 MNpuknagHas reogesud. lNpuknagHblie NpuMeHeHns
a3pOCHEMKM 1 hOTOrpamMmeTpun

BWO CTATbW: npodeccrnoHansHas paboTa

A3bIK CTATbW: aHrnuiickuin

Pe3swome:

B OanHOlU pabome paccmampueaemcsi npoekm paspabomku u
HabnodeHus 3a usMmeHeHUsIMU obbema kapbepa «lapaesau-Bocmoky,
Haxoldsiweaocsi Ha Kadacmpoeol Kapme MyHuuyunanumema Hoeu-
Beyel. Hado nod4yepkHymb, 4ymo paHblwe husudeckas rowadb u
eeonpocmpaHcmeo 8 uesioM, npedcmasnsanuce 0symepHo (24), Ha
M710CKoCMu, C MOMOWMBI0 OHO20 U3 Kapmozpaghuyeckux mMemodos
(usonuHUU, 8bICOMHbIE OMMEMKU, 2UriCoOMempus) UU MpPexmepHO
(34) ¢ nomowbro npoekmupogaHusi modesiel U perbeHbIX Kapm.
Kapmoepacpudeckue npuHyunbl 8usyanusayuu MecmHocmu Ha
penbeHbIX Kapmozpaguyeckux Modessix no3eosistom co3dasams 3/
u3obpaxkeHusi, HO OHU C UHXEHepHOU mOYKu 3peHus, bbiiu
HedocmamoyHO KayecmeeHHbIMU U MmOYHbIMU. [lpu 3mMOoM CII0XKHO
661710  IPOBOOUMb  KOSTUYECMBEHHYI0 U  Ka4yeCmEEHHYI0 OUEHKY
MecmHocmu Ha eblueyrioMsaHymbix modernsx. OOHako 6riaeodaps
COBPEMEHHbIM MmexHonoaussim MeHsiemcss U 3 usobpaxeHue
eeornpocmpaHcmea, mo ecmb MPUMeHSIemcs KOHuenuus pa3pabomku
yugbposoli modenu mecmHocmu (LUMM). nasHas uenb Hacmosiuwel
pabomsbl 3aknoYanacb 8 co3daHuu 3L modenu u nposedeHuUU
cpasHUMernbHo2o obbema Kapbepa «[paesau-Bocmok» e medeHue
ornpedesieHHo20 3KCrTyamayUuoHHO20 CPOKa.

Kntouesnle criosa: kapmbi, TNC, o6bem, UsMeHeHUss Ha MecmHocmu,
LIMM, aHanus.
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AHANUVSA NMPOMEHA KAMALUUTETA KOMNA ,FAPAJEBAL| — MCTOK”
NMPUMEHOM M'MC TEXHONOIMNJE
Mupko A. Bopucos®, Padosar B. Cumuh®, Bnadumup M. MeTposuh®,
BozdaH B. Bojosnh'
@ YhmsepauteT y Hosom Capgy, ®akynteT TEXHWUUKMX Hayka, [lenapTmaH 3a
payyHapcTBO u aytomatuky, Hoen Cag, Penybnuka Cpbuja
leopetcka pagunonuua ,ALL”, Hosu Capa, Penybnvka Cpbuja
® YHueepauteT y Beorpaay, MHCTUTYT 3a Xemujy, TEXHOMOTMjy U MeTanyprujy,
LleHTap 3a ekonorujy u TexHoekoHomuky, Beorpaa, Penybnvka Cpbuja
" Peny6nunykun reonetcku 3asof, beorpan, Peny6nuka Cp6uja
OBNACT: reoHayke
BPCTA UJIAHKA: cTpy4Hu pag
JESWNK YJTAHKA: eHrnecku
Caxemak:
Y pady ce paamampa KoHUenm uspade u ripahera MpoMeHa Kanayumema
— Kybamype kona [ apajesal— UCMOK”, Koju ce Hanasu Ha KamacmapcKoj
onwmuHu Hosu beuej. PaHuje cy ce c¢pusudka nospw 3emrbe U
eeoripocmop yornwme rpukasueanu 0800uUMeH3UOHannHo (24) y pasHu,
HekoM 00 KapmoepadghcKux memoda (U30ruHUje, Kome, Xuricockana) unu
mpodumeHsuoHanHo (3L), uspadom Mmakema u pesbechHUX Kapama.
Kapmoepadgbcku npuHyunu uspade U eusyanusauyuje mepeHa Ha
perbepHUM  Kapmozpagbckum modenuma omoeyhyjy cmeapane 3/[]
fipuka3sa, anu He U O0BOSBHO K8arumemHoe U UHXeHepCKU npeyusHoe 34
modenia mepeHa. [lpumom je moayhHOocm  KeaHmMumamueHe U
KeanumamueHe oueHe mepeHa Ha rnoMeHymum modesiuMa omexkaH U Huje
0oeorbHO mavaH. Ca rnojasoM HOBUX MexHorioeuja Mera ce HaquH 3/
rpukasa eeoripocmopa, OOHOCHO rpuMeryje ce KoHuernm u3pade
OueumarnHux moderna mepeHa (OMT). OcHosHu uurb pala jecme
Kpeupar-e 3[] modena u yriopedHa aHanusa Kybamype kona I apajesau—
ucmok ” 3a oOpefieHu nepuod excrinoamauuje.

KrbyuHe peuu: kapme, TMC, kybamypa, npomeHa mepeHa, JIMT, aHanu3a.
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