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Abstract

The purpose of the system for real-time tracking of mining excavator and loader positions is to improve the management and control
of brown coal mining in opencast mines and to improve work safety.

The system calculates the wheel excavator position using data from GNSS equipment installed on the giant mining machines,
inclinometers and inertial measurement units located on each mining machine. Data are transmitted from the machines and stored in
databases on servers. Visualization of the wheel excavator movement in real time is performed in software products of KVASoftware
s.r.0., which enables work with a digital terrain model, geology of the deposit and overburden, including objects impairing safety work.
The article describes the procedure of data preparation and setting up the whole system in different levels of KVASoftvare s.r.0. software
products. It also describes in detail its use with regard to the safety of work in heavy mining operations, specifically in areas affected by
underground mining or areas dangerous due to the occurrence of tectonic deformations in the overburden and in the seam.

Keywords: bucket-wheel excavator, digital terrain model, GNSS, brown coal mining, photogrammetry, UAV, point cloud, cubic capacity

calculation, coal mining safety, tectonic deformations

1. Introduction

Brown coal mining is still an important industry in the
Czech Republic, despite a significant decline in production
over the last twenty years. 2018 over 38 million tons of brown
coal were mined [1].

Reliable supplies of domestic lignite are a balancing ele-
ment of the Czech energy sector. In recent years, lignite has
still been used to generate just over 40% of the electricity con-
sumed in the Czech Republic [2], up from 43% in 2018.

At present, lignite mining in the Czech Republic is con-
centrated in several large open pit mines in the “Mostecka
Basin” and the “Sokolov Basin” and takes place in increas-
ingly more complicated mining-geological and economic
conditions. Therefore, lignite mining companies are looking
for additional ways to better monitor, control, plan and sub-
sequently manage the procedures of bucket-wheel excavators
and make the entire mining process more technically and eco-
nomically effective.

One of the important ways of this process is to monitor the
spatial position of the bucket-wheel excavator of the mining
machines (bucket-wheel excavator and loaders). The system
for monitoring the position of the machines is deployed at
“Nastup Tusimice Mine, Bilina Mine and Sokolovska uhelnd

a.s” installation at “Vr$any” quarry is under preparation (Fig.
1). Many dozens of excavators and loaders are monitored.
According to the information available from excursions in
the past years, a similar system is used at lignite mines in Ger-
many (Mibrag) and in Poland (Belchatow). However, the sys-
tems only provide information about the location and the mined
masses [13]. They do not deal with geology or safety risks [14].

2. Basic components of the system

All mining companies in the Czech Republic are using
a digital format of map documentation for open-pit lignite
mining. At Severoceské doly a.s., a complex digital model of
the quarry is used - software from KVASoftware s.r.o. called
»Bansky model - Mining Model)". It includes not only a dig-
ital terrain model but also a digital geological model of the
coal seam and overburden layers.

The software enables the creation of maps and provides
the means for various calculations and analyses necessary for
planning and controlling the operation of the quarry. This
software is used as an environment for real-time visualization
of the position and movement of mining giant machines.

The " Bansky model - Mining Model" software is followed
by the "Technologicky model — Technology Model" software,
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Fig. 1. View of the Bilina quarry (8/2019) from the south towards the Krusné hory
Rys. 1. Widok na kamieniotom Bilina (8/2019) od potudnia w strone Krusné hory

Fig. 2. Digital terrain model including the open pit mine surroundings
Rys. 2. Cyfrowy model terenu z uwzglednieniem otoczenia kopalni odkrywkowe;j

Fig. 3. Digital terrain model reduced to the active open pit mine area

Rys. 3. Cyfrowy model terenu zredukowany do obszaru czynnej kopalni odkrywkowej

which is a reduced version of the Mining Model used for
checking the procedures of large machines for the technicians
managing the mining. An even simpler version is the " GNSS_
Rkabina - GNSS extractor Cabin" program, which is installed
on excavators, and the " GNSS_Zkabina — GNSS stacker Cab-
in" program, which is installed on the stackers. In both cases,
it is used by the drivers of the giant mining machines to main-
tain technological discipline and ensure safety work.

The system for calculating the spatial position of the

wheel consists of three basic elements [3]:

o Measuring segment (data collection) (GNSS receivers,
receivers and sensors, control unit) [11], [12],

o Communication segment (transfer of data from the
instruments to the servers and after calculations
back to the large-scale machines and to other users),

o End user segment (evaluation and user softwa-
re company. KVASoftware s.r.o. - Mining model,

Technology model, GNSS extractor Cabin, GNSS
stacker Cabin).

By surveying measurements directly on the excavator, the
parameters for the derivation of mathematical relations neces-
sary for the calculation of the spatial position of the center of
the excavator wheel axis were determined [7]. These are mainly
the distances of the individual measuring instruments (GNSS,
inclinometers, inclement speed sensors) in relation to each oth-
er and to some mechanical "nodes" of the excavator structure
[9]. Subsequently, an algorithm [8] was developed that incor-
porated the results of the measurements of the individual mea-
suring and gauging instruments and allowed calculations of the
spatial position of the wheel centre in any general position of
the excavator [10]. Somewhat more complex is the modelling
of the shape of the material to be placed on the spoil heap by
tracked stackers using the throw parabola [4].
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Fig. 4. Reduction of dimensions

Rys. 4 Redukgja liczby warstwic

R

Fig. 5. DT model
Rys. 5 Model transportu tasmowego w kopalni (DT)

3. Data preparation process and system setup

The “Bilina” (DB) and “TuSimice” (DNT) brown coal
quarries are surveyed by digital photogrammetry 10 to 12
times per a year. Until 2021, aerial photogrammetry was
used at “Severoceské doly a.s” using manned aircraft, sup-
plied by PRIMIS spol. s r. 0. The processing of measurement
images, creation of stereoscopic perception, evaluation and
creation of orthophoto maps were carried out by the mines'
employees in the software INPHO (MATCH-AT , SUMMIT
EVOLUTION, ORTO VISTA ) Since 2021, the " DRON -
MRACNO - DRON-CLOUD" method has been used for
targeting the fracture, which is a photogrammetric method
using images taken by a camera carried by an unmanned ae-
rial system (UAV) [5]. In fact the DJI M300 RTK quadcop-
ter with a DJI Zenmuse P1 camera is used. Data processing
for terrain models is performed in CARLSON software. The
transition to the new method of mapping coal blast furnac-
es has brought a series of problems. For more information,
please see Chapter 6.

The results of the photogrammetric measurements
are exported to a *.txt file, where each model line (edge,
heel, point on the platform) has its specific designation.
When using point clouds, it is practically a "manual vec-
torization" of point clouds. The *.txt file is further import-
ed into the SW Atlas (DB) or SW KVAS (DNT) environ-
ment, which can recognize the model lines in the txt file
and create sub-evaluation areas. Subsequently, the overall
digital terrain model is updated with the newly evaluated
areas. Next to be evaluated is the long-distance belt traf-
fic, which is the basis of the transport technology model
(chapter 3.2).

3.1 The digital terrain model update

In order to monitor the position of the excavator wheel
in real-time on the current state of the digital terrain mod-
el, it is necessary to import the updated terrain model from
the sw Atlas and KVAS environment into the Mining Mod-
el environment and to modify the imported data or to add
other models necessary for the operation of the excavator
wheel and loader position monitoring system. The import
will produce a digital terrain model of the brown coal quarry
and its surrounding area (Fig. 2) in GNL format. This model
is data intensive for computing technology, so it is necessary
to reduce the model to the active area of the open pit mine
(Fig. 3).

For a better visual perception on the screen, the attitude
model is rotated north to east. The refraction process is then
oriented upwards.

The last step in the preparation of the digital terrain mod-
el is to generate a triangular mesh that encloses each point on
the model. For clarity, the dimensions are reduced with the
selected differentiation (Fig. 4).

3.2 The transport belt model upgrade (DT model)

The long-distance belt-based conveyor model, the so-
called transport technology model, abbreviated DT model
(Fig. 5), contains information about the mining technology
and must also be updated. The updating is done by linking the
old belt position to the new one. When connecting or mov-
ing the passages, the connection between the individual seg-
ments must be maintained so that the overall extraction acts
as a whole and thus the flow and calculation of the extracted
masses is maintained.
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Fig. 6. Risk zones and tectonic faults

Rys. 6. Strefy ryzyka i uskoki tektoniczne

Fig. 7. Digital model of Technical Modes
Rys. 7. Numeryczny model Trybu Technicznego

Fig. 8. Planned mining processes

Rys. 8. Projekt procesu urabiania

3.3 The further updates

To complement the excavator and loader wheel tracking
system, they update the risk zones, which are areas with fre-
quent tectonic faults (Fig. 6). Separately, the “TEKTONIKA
model” is created by geologists. It is a model of the intersection
of tectonic faults with the actual and projected terrain, shown
in purple color. These zones, tectonic faults, including fractured
boreholes, are indicated by the system with a warning signal.
For safety reasons, these risks are also physically marked out
in the field with wooden stakes in the events of system failure.

The mining pit contains many unlined mine tunnels from the
era of underground mining. As there is a risk of mining equipment
or persons falling into the unmined areas, for safety reasons a mo-
del “HLUBINA - UNDERGROUND” is being created based on
old mining maps. As mining progresses, these corridors must be
plundered and then secured with wind protection objects. These
shortened mine runs must be updated in the HLUBINA model.

3.4 Technical mode
Every month, the Department of Preparation and produc-
tion of company Severoceské doly a. s. prepares the proce-

dures of wheel excavators and stackers. This is a project of the
procedures of large machines and this project is referred to
as "technical mode" (TR). These processes are based on the
digital terrain model and create the boundary of quarrying
and stacking at each stage (Fig. 7). The creation of the tech-
nical mode in the Mining Model is similar to the creation
of the digital terrain model. For clarity and to differentiate
the TR model from the digital terrain model, the TR model
is supplemented with stockpiles marks of the spoil, coal, and
embedment’s. After the technical model is created the TECH-
NICAL MODE takes data a do converts by simply copying the
data into the Mining Model directory as a so-called reference
model.

3.5 The data completion

In order for the excavator and loader tracking system to
contain complete information, it is necessary to combine the
models created into a unified dataset. The digital terrain mod-
el creates the base model, to which the models “TEKTON-
IKA, TECHNICKY MODEL a HLUBINA” are subsequently
connected. For information on the composition of the rock
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Fig. 9. Model GNSS Rkabina — GNSS extractor Cabin the current position and height of the excavator on the screen in the cab of the mining giant machine

Rys. 9. Model GNSS Rkabina — ekstraktor GNSS Kabina z aktualnym potozeniem i wysokoscig koparki na ekranie w kabinie wielkogabarytowej
maszyny gorniczej

J

Fig. 10. The driver's cabin of the mining giant machine - on the right the screen with the "GPS cab" application

Rys. 10. Kabina kierowcy wielkogabarytowejj maszyny gorniczej — po prawej stronie ekran z aplikacja ,,GPS cab”

mass, a geological model is added, which is created and up-
dated by the geology department.

THE TECHNICAL MODE model is based on a digital
terrain model, it contains many identical/similar vectors that
unnecessarily overtake too much of the computer memory.
This load is solved by deleting these vectors, taking only the
vectors representing the planned procedures (Fig. 8).

3.6 The Cabin model

In order to get all the created data onto the screens in the
cabin of the excavators or loaders, a so-called “model KABI-
NA - CABIN model” must be created (Fig. 9). This is the com-
pressed data for the “GNSS_Rkabina — GNSS extractor Cabin”
and “GNSS_Zkabina — GNSS stacker Cabin” programs. These are
the applications that help the drivers in the control of the min-
ing giant machines equipment. They display in a simplified form
information about the position of the giant mining machine, the
geological structure of the rock mass at the mining site and the
projected procedure (technical mode), including safety risk ob-
jects. Both KABINA s models are then distributed on portable
media to computers on each of the giant mining machines.

4. Applications, what the system allows

Applications have been developed in the software Min-
ing Model environment that provides the necessary tools for
controlling and managing the mining process. With wheeled
excavators, it is important to keep the dimensions and shape
mining block. In the KABINA model, the driver of the exca-
vator has tools that make it easy to keep to the specified level
of the working plain and the area of the excavation (Fig. 10).
Data on the position and height of the wheel every 5 seconds

gives him immediate feedback. This is important both for the
overall mining concept and for the dewatering of the mine
workings. Figure 9 and volume: 17.3m is the actual cut height.
This helps to maintain the prescribed cut height limit, which
has a positive effect on slope stability.

The technicians have the possibility to immediately check
the implementation of the plan - for example, the parameters
of the approved Technical Mode for the month in the "Tech-
nologicky model - Technology Model" software. Figure 11
shows the situation at the KU300.8/68 excavator on 1 Octo-
ber 2019 at 8:47 AM. It shows the initial state, i.e. the orient-
ed coal section as of 29.8.2019 (1), the Technical Regime for
October 2019 (2), the schematized position of the excavator
at 8:47 am (3) and the vertical profile of the coal seam with
the wheel position (4) in real-time. The red horizontal line in
profile (5) denotes the level of the planned excavator running
plane. The profile shows that the lowest point of the wheel is
1.6 m above the planned running plane. From the table in Fig-
ure 11, bottom right, we can read some important data about
the ongoing mining. On October 1, 2019, at 8:47 a.m., coal
was mined with a calorific value of Qr=16.7 MJ/kg and an ash
content of Ad=12.81%, which is T1 coal (in red in the profile).
The shaded grey area on the map shows where the excavator
has mined in the past (where the wheel was). Excavator min-
ing or soil placement on the spoil heap can be observed in the
spatial view (Fig. 12).

The real-time spatial tracking of the wheel excavator cen-
ter helps to accomplish one relatively brand-new task very
well. This is the creation of map documentation in connection
with payments from extracted minerals according to Act No.
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Fig. 11. Application "Technological model" for control and management of mining plan compliance - Bilina Mines, position of excavator K300.8/68
on 1 October 2019 at 8:47 AM

Rys. 11. Aplikacja ,,Model technologiczny” do kontroli i zarzadzania zgodnoscig z planem goérniczym - Kopalnia Bilina, stanowisko koparki
K300.8/68 w dniu 1 pazdziernika 2019 r. o godz. 8:47

gl
|
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Fig. 12. Excavator K300.8/68 on 1 October 2019 at 8:47 AM. in 3D
Rys. 12. Koparka K300.8/68 w dniu 1 pazdziernika 2019 r. o godzinie 8:47. w 3D

Fig. 13. The principle of digitizing the status of the coal cut - excavator KU300.40/102 on October 1, 2019 at 11:52 a.m. in 3D
Rys. 13. Zasada digitalizacji stanu urobku — koparka KU300.40/102 1 pazdziernika 2019 o godzinie 11:52 w 3D

225/2017 Coll., amending Act No. 44/1988 Coll. on the protec-
tion and use of mineral wealth (Mining Act). This Act regulates
the reimbursement from lignite extraction by opencast mining
in such a way that the partial basis of the reimbursement from
lignite extracted by opencast mining is the amount of heat con-
tained in the extracted lignite in a calendar year. The system
makes it possible to obtain the state of coal cuts exactly as of 31
December, 24:00 of the current year, by creating a vector map
at that moment from a spatially visualized model of the state
of the cut. By hovering over any point on this spatial represen-
tation of the cut (in blue in Figure 13), X, Y and Z coordinates
can be obtained and vectors of, for example, the top and bottom
edges of the cut can be created. By "evaluating” the new state
in this way, the base model can be updated at a date beyond
the standard aerial photogrammetry evaluation date and the
appropriate map documentation can be produced.

The evaluation (vectorization) of the mining line state is
similar to photogrammetric systems. The evaluator selects the

code of the line to be evaluated, for example, the upper edge of
the section, and selects the first point of the line in the digital
map (in Figure 14 in the left window). Then he switches to the
spatial view (in Figure 14, right window) and finds the points
of the upper edge. In the 2D view, a polygon of the top edge is
created with the points. It then selects the code of, for exam-
ple, the lower edge of the cut and evaluates the line. Finally, it
evaluates the points on the platform created by the excavator
procedure and the new state of the cut at the selected date and
time is evaluated.

Mining Surveying:

The driver of the giant machine can see the relations of the
mining wheel and the displayed mining lines and selected ob-
jects on the computer screen located in his cabin. Some mea-
suring activities are reduced or duplicated (safety increase):

o surveying and indicating of excavator mining pro-

cedures,
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Geology:

Fig. 14. Condition assessment of excavator KU300.40/102 on 3 October 2019 at 18:02
Rys. 14. Ocena stanu koparki KU300.40/102 w dniu 3 pazdziernika 2019 r. o godz. 18:02

surveying and indicating boreholes with abando-
ned equipment (which can damage the rubber belt
of conveyor belts),

surveying, indicating and marking certain areas of
former underground mining (e.g. chambers, shafts,
corridors),

surveying and marking tectonic lines,

the software allows us to perform approximate cal-
culations of the volumes of extracted materials.

The driver of the giant mining machine sees the relation-

ship between the wheel and the geological layers on a PC

screen located in his cabin. This allows him to better orient

himself in following the designed mining trails in the profile

descriptions (profile passport).

Production:

The Production management and back-monitoring
of production targets have been improved, essen-
tially in real-time,

An application has been developed that allows the
big rig driver to adhere much more accurately to
the designed cutting geometry, especially the he-
ight levels of the excavator working planes. At the
same time, it is possible to verify when a possible
violation of the design procedure has occurred and
therefore by which responsible employee,

The overview of the quality parameters of the cur-
rently mined coal for all excavators comes.

Geotechnics and Mining Safety

The "GNSS_Rkabina" application, which is used
by the driver of the large machine, provides infor-
mation on the current cutting height achieved in
addition to the data for technological discipline.
Compliance with this will have a positive effect on
slope stability,

The operator of the giant mining machine is also
informed of the cased boreholes, the historical deep
mining and the degree of danger of the approaching
tectonic line and applies the technological procedu-
re prescribed as adequate to ensure slope stability
and mining safety in such a case.

5. Applications and occupational safety in open pit mining
Drilled boreholes:

Boreholes with abandoned equipment (cased boreho-
les) pose a risk primarily to the mining technology, less

so to occupational safety. The rubber belt on the co-
nveyor belt can be damaged when the casing is "loaded",
or in a worse case, the excavator can be damaged.

The drilled boreholes are marked out in the field by
surveyors with wooden stakes before the excavator
proceeds.

In addition, the boreholes are displayed on the
cabin display. The excavator display changes dy-
namically according to the current position of the
excavator. When approaching a wellbore beyond a
specified limiting distance, the surroundings of the
well "flash", the current distance of the wheel from
the well begins to be displayed and an audible signal
sounds (see Figure 15).

Mining in areas affected by underground mining:

In the areas affected by underground mining, there
is a risk of equipment or persons falling into uncon-
fined/unsealed areas. A further danger is the possi-
bility of 'uploading' equipment left in the passages
of old mine workings, including in cave-in areas.
Therefore, similar to boreholes, these mine workin-
gs are marked out in the field with wooden stakes by
mining surveyors.

The corridors in the driver's excavator cabin are
shown in green as lines even with the origin and the
broken surfaces are shown as grey polygons.

Mining in tectonic fracture zones [6]:

In areas where tectonic zones are present, there is a
risk of a block of soil/dirt sliding onto the wheel ex-
cavator, damaging the wheel or the entire excavator
structure (Fig. 16).

For these areas, company SD a. s. has developed
a methodology for determining the level of risk,
which is dependent on the orientation of the tecto-
nic fault to the direction of excavator advance, fault
dip, section height, and the nature of the fault surfa-
ce. Faults can thus represent low risk, medium risk
or high risk.

If a break/fracture is assessed as high risk at the
time of designing procedures, it is necessary to take
early measures for its successful and safe removal at
the process of mining preparation.

Low-risk breaks/fractures will not cause problems
during mining.

For medium-risk break/fractures, risks can be eli-
minated without significant changes in planning
procedures. The mining technology is modified to
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improve safety, which can limit mining output at
most. It is these faults that the software alerts exca-
vator drivers to.

o The break/fracture is also defined spatially in the
software and when the wheel of excavators appro-
aches the plan area of one of the faults, it calculates
the overall risk. Subsequently, the fault plan view
will appear black on the screen, and the text "WAR-
NING: excavator mining wheel in a geological frac-
ture zone" will appear on the screen, along with the
risk value (from a value of 30 upwards). This is also
accompanied by an audible signal (Fig. 17).

6. Discussions

The real-time tracking system for excavators and loaders
has made a number of changes, usually improvements, since
2008. This has mainly been in the area of user programs fi.
KVASoftware s.r.o. All were based on the requirements of end
users. Over the years, most of the hardware components of
the system have been gradually replaced, including the indus-
trial computers with monitors in the cabs of the drivers of the
giant mining machines.

The system was adversely affected by the transition to
a new method of mapping DB and DNT velocity quadrats,
namely the transition from conventional aerial photogram-
metry to the "DRON-MRAIN" method, as mentioned in
Chapter 3.

This new method is not commonly used for large quarries
such as the “Ndastup Tusimice” or “Bilina” mines and brings us
many difficulties [7]. Small-scale colour photogrammetry im-
aging is carried out 8-10 times a year and includes scraper and
coal cuts, side shutter slopes and dumps. The areal volume is
39.4 km2 and 23.6 km2 on the DNT. Large-scale colour imag-
ing is carried out twice a year and includes in addition areas
for recultivation and pre-fiels. The large-scale LMS volume is
55,3 km2 and 45 km2 on the DNT. This method has many
disadvantages on this scale.

The first challenge is the weather. For small-scale open
pit, two days of good weather are needed for each site, or
one day with two drones. For a large-scale open pit, it is
more than double that. One day, or 2-4 hours of good weath-
er, was enough for the aircraft. If, for example, the weather
does not favour it in the autumn and winter months, there
are delays and cancellations. A further complication of this
method is the need for more than twice the number of points
in the field to achieve the necessary accuracy (Standard No.
435/1992 CBU). This increased the field measurement work

for stabilization and targeting of “VB — ELEVATION POINT”
(reference), compounded by delays in image collection work
and need to do repeating imaging during bad weather. Last
but not least, the final product - point clouds - is a disadvan-
tage. These are only useful for measurement work with "ter-
rain" (cubic volumetric measurements, excavator and loader
positions, etc.). They are completely useless for construction
object planning, utilities, etc., compared to the aerial photo-
grammetry used previously. The changes to UAVs has resulted
in an increase in measurement work in the field.

The use of two or more drones would be of great ben-
efit for successful imaging, data processing and meeting
deadlines. This would eliminate situations where contractual
conditions (deadlines) are not met, but also where imaging
deadlines are pushed back and “VB - ELEVATION POINT”
is at risk of being destroyed. This is mainly the period from
October to April when the weather is not suitable.

The new technology, on the opposite contrast, has been
very successful in imaging smaller areas from lower altitudes,
such as emergency imaging of slip areas on DB or extraordi-
nary imaging of coal stockpiles on DNT.

7. Conclusions

The real-time measurement system for determining the
position of the excavator wheel has proven its practical value
in more than fourteen years since its deployment in 2009 in
opencast brown coal mining. Currently (05/2023) the system
is deployed on all 22 excavators of Severoceské doly a.s. At the
Bilina site, 7 stackers are additionally equipped with a similar
system. The system is a great tool for drivers of giant min-
ing machines, production managers, production preparation
technicians and last but not least surveyors and geologists. In
addition, it is a great asset in the field of safety. Since 2015,
when the Tectonic Fault Risk Assessment System was imple-
mented in the Excavator Wheel Position Monitoring System
applications, there have been no landslides that have had such
a destructive impact as the K2000/101 excavator landslide on
11 May 2009. Similarly, there were no incidents related to the
occurrence of unmined mine pit areas or cased boreholes.
Even if all the precautions are taken and the system described
above is used, the risks cannot be underestimated.
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System monitorowania potozenia koparek i wielonaczyniowych wegla brunatnego

i bezpieczenstwa ich pracy

Celem systemu Sledzenia w czasie rzeczywistym pozycji koparek i tadowarek gérniczych jest usprawnienie zarzgdzania i kontroli
wydobycia wegla brunatnego w kopalniach odkrywkowych oraz poprawa bezpieczeristwa pracy. System oblicza potozenie koparki
kotowej wykorzystujgc dane z urzgdzetr GNSS zainstalowanych na gigantycznych maszynach gorniczych, inklinometréw oraz
inercyjnych jednostek pomiarowych znajdujgcych si¢ na kazdej maszynie gérniczej. Dane przesylane sq z maszyn i przechowywane
w bazach danych na serwerach. Wizualizacja ruchu koparki kotowej w czasie rzeczywistym realizowana jest w oprogramowaniu firmy
KVASoftware s.r.o., ktére umozliwia prace z cyfrowym modelem terenu, geologig ztoza i nadktadu, w tym obiektami zagrazajgcymi
bezpieczernistwu pracy. W artykule opisano procedurg przygotowania danych i konfiguracji catego systemu na réznych poziomach
KVASoftvare s.r.o. produkty oprogramowania. Szczegétowo opisano takze jego zastosowanie ze wzgledu na bezpieczeristwo pracy
w cigzkiej eksploatacji gorniczej, szczegblnie na terenach objetych eksploatacjg podziemng lub na terenach niebezpiecznych ze wzgledu
na wystepowanie deformacji tektonicznych w nadktadzie i w pokladzie.

Stowa kluczowe: koparka wielonaczyniowa, cyfrowy model terenu, GNSS, gornictwo wegla brunatnego, fotogrametria, UAV, chmura
punktow, obliczanie kubatury, bezpieczeristwo gérnictwa wegla kamiennego, deformacje tektoniczne
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