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Abstract: The functions of Integrated Measuring System (IMS)
are based on GNSS positioning technology. It can provide, with
high precision, the field location of an excavator's bucket wheel
and data for updating digital terrain model of the mine. It
comprises three basic segments: positioning and calculation
unit, information center and applications for office workers.
The entire system is based on the uniform software and it is
used for streamlining and carrying out excavation works in
opencast mines. The necessity for a reduction of excavation
costs and the provision of a proper level of profitability of
mines entail taking appropriate action to enhance the efficiency
of operation of basic mining equipment. The implemented
system is intended to replace previously applied methods for
conducting surveys of working benches at a mine. The new
information tool has been designed, for the operator of an
excavator and for the foreman, to make their work more
efficient. It also offers new possibilities to assess the machine's
operation by inspectors and supervisors, shift foremen, team
foremen and the rest of workers of appropriate mine divisions.
Among the results achieved from the application of this system,
the following can be listed: elimination of staking the slope
edges and defining the limits of mining, scarping, profiling of
mine reads with greater accuracy and efficiency, safe
navigation of excavators in areas of danger, and the possibility
of immediate comparison of work plans with the outcomes.
One of the fundamental tasks of the IMS is updating the digital
terrain model of mine in real time. The data collected by the
system lays the foundations for updating mine maps. They are
registered and stored in the information centre database, from
where they are accessible to office users. The Integrated
Measuring System was implemented, for the first time, in
Poland to streamline planning activities and management of
the excavation processes. As planned, it allows for precise
positioning of machines along with the delivery of always-
current data that is included in work plans. It is collecting data
for making the digital terrain model and data for review and
edition of the main attributes of the mining system. The
system's architecture also allows its integration with other
equipment (stackers, bulldozers, graders, loaders, etc.) and
provides data for the update of mine's geological model. The
synergy of cutting-edge solutions, within the scope of satellite
positioning and laser scanning, enables the precise monitoring
of waste stacking processes. The registered information of a
waste dump spatial model can be integrated with bucket wheel
excavators' data. The combined data allows full flow control of
waste streams in the entire excavator — conveyor — stacker
system.

L. INTRODUCTION

The Integrated IMS survey system is an innovative,
advanced solution representing a synergy of the latest IT and
GNSS satellite positioning technology. Its main application
is supporting the operation of basic machines and
conducting the excavation process in open-cast mines. The
implementation of solutions influencing the efficiency and
safety of basic machines is an inevitable process, necessary
to perform in view of the requirement for reducing mining
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costs and maintaining a proper level of profitability of the
mine.

The system has been implemented since 2012 with
success in the largest mine in Poland - Betchatow Brown
Coal Mine into subsequent wheeled excavators and
particular mine departments (GP, 2013). The IMS systems is
currently working on all overburden bucket wheel
excavators in the Szczercéw open pit, and the office module
has been additionally installed in various mine departments,
including: Mining Technology Department, Survey
Department, Office of the Mining

Operations Manager, Office of the Mining Manager for
the Oveburden Removal and Coal Mining, the Senior
Foreman for the Mining Management Centre, the Mining
Division, Office of the Team Foreman and Shift Foreman of
Mining Departments (GP, 2015).

It represents a new tool designed to facilitate and
rationalize the work of operators and excavator foremen,
offering new opportunities for the assessment of the
machines’ operation by inspectors and supervisors, shift
foremen, team foremen as well as other employees of
respective Mine departments.

II. SYSTEM ARCHITECTURE

The IMS system is based on uniform software, which can
be activated in various modes, thanks to which a full
synchronization and seamless operation of all components is
possible. Functions for the respective groups of users are
provided by means of configuration and is granted by the
administrator of IMS system. They consist of the following
basic segments:

e Operator interface, with a positioning unit — IMS

Excavator

Mini IT centre — IMS server

Applications for office users — IMS Office
Each element fulfills a distinct and vital function in the
correct performance of the whole system. IMS Excavator is
a field segment assigned for installation on a machine and
supporting the work of machines’ staff. IMS Server is the
core administrative unit for communication between IMS
Office — IMS Excavator, data collection, preparing estimates
and creating a spatial model of the workings. It is also
responsible for communication between the remaining
components, including the transmission of work plans onto
excavators. The third segment — IMS office, is the software
designed for office workers of any given Mine department.

1. CONDUCTION OF MINING LEVELS WITH

APPLICATION OF THE SYSTEM

The IMS Excavator module constitutes a part of the
system assigned for installation on a basic machine. It is
made up of a positioning unit and a user interface. Four
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GNSS receivers, with reinforced antennas suited to tough
working conditions in the open-cast mine, which enable the
system to fix the accurate position of the machine (GP,
2013).

The main user interface is an industrially made touch
panel computer as shown in Figure 1. The IMS system
software is activated there in the survey mode, passing
information indispensable for conducting mining levels, to
the operator.

FIG 1 - Operator interface installed in excavator cabin.

The application of satellite technology for fixing an
accurate location of a bucket wheel in space allowed the
replacement of a hitherto applied laser technique. With the
operator keeping the current height of a bucket wheel all
along, it is not necessary to carry out level surveying in
order to determine the ordinate of the mining level
(Majkusiak, 2015).

Technology and the way of conducting a mining level are
included in the work plan. The plan had been provided for
excavators in paper form up to this time. The IMS system
transmits and displays a plan in the file form on the
operator’s screen. Respective exploitation boundaries are
modeled in the shape of triangulated surfaces, thanks to
which staff are informed of the location of a bucket wheel
relative to exploitation boundaries in all directions. Such
facilitation released mine surveyors from a duty of staking
exploitation boundaries in the field. Furthermore, formation
of solid scarps does not require either presence of the
machine foreman in front of the wheel or people on the
scarp nearby operating machines. Figure 2 shows solid
scarps profiling with the use of IMS Excavator.

The Field module also enables the creation of ramps,
transportation ramps for the construction of conveyor belts.
Functionality of the systems allows the operator to create a
ramp of an optionally chosen longitudinal and transverse
inclination, which was not contained in the work plan. By
indicating points in the field with the bucket wheel the
operator decides, in which exact spot a ramp is to begin.
Information of performed elements and their design
parameters are registered by the system and are available for
viewing by supervisory services. The aforementioned
functionality is highly popular among machine operators
and constitutes one of the basics in the field segment of the
IMS system. Figure 3 shows scarps and slopes profiled
through the use of this functionality.
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The IMS system allows for the excavator’s operation with
greater performance in unstable areas. Visualization of the
spatial model, scarps, and a bucket wheel provides the
operator with essential information on the dimensions of a
ramp and a wheel maneuver. Properly selected maneuvers
and an instant assessment of its correctness impinge on the
excavator’s performance. A trained operator for work with
the IMS system can perform operations individually without
the foreman’s participation.

FIG 3 - Ramps and slopes profiled by using the IMS.

Accurate excavation of mining levels and workers’ safety
is also ensured by means of visualization of hazardous areas,
both punctual (equipment remaining in boreholes) and area-
related (landslide, karst, water, hazardous areas, areas with
the occurrence of rock which is hard to work and places
difficult to access). The IMS system is adjusted to position
of the machine relative to indicated dangers via interactive
presentation of the location in relation to work schedule and
integration with resources of the geological database (GP,
2015). Figure 4 shows area-related and punctual hazardous
areas in relation to bucket wheel excavator. There is a table
the right down corner presenting all equipment remaining in
boreholes near the excavator position.

The module IMS — Excavator is adapted to rough field
conditions inside the mine with respect to its design as well
as ergonomics. Applied design components, such as
antennas of specially reinforced construction, industrial
fanless computers, and top-quality satellite receivers are
intended to ensure functionality of the system in extreme
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conditions. The user interface menu was designed, so that
system operation was comfortable and intuitive. Activation
of a given function does not require realization of a
complicated procedure, thanks to which, the application of
the system, particularly in field conditions is possible
without lengthy training. The current inspection of the
realization can be performed based on one of three views:
layout, section, or 3D visualization with an option of free
adjustment.

CEEACREREE

FIG 4 - Visualization of hazardous areas.
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Iv. MAINTENANCE OF PRECISE POSITIONING

OF MACHINES

Fixing a precise position of a bucket wheel in space and
maintaining the required system accuracy, twenty-four hours
a day, are key factors for the user of the system, IMS —
Excavator. Continuity of fixing a precise position was
ensured by the application of cutting-edge satellite receivers
using all currently available satellite systems. Fixing precise
position by GNSS receivers is conditioned by supplying
corrections to coordinates. For these needs the IMS system
was retrofitted with a reference station especially dedicated
for receivers mounted on excavators. In the event of
breakdown of a primary source of corrections or interruption
in communication, each machine is equipped with
alternative source using a GPRS network, which maintains
a precise position and continuity of the excavation process.

V. IMS OFFICE — SEGMENT OF OFFICE USERS

The office users’ application is advanced software based
on CAD architecture. Special features enabling system data
transmission and operation as well as assessment of the
excavators’ operation by the persons in charge of inspection
and supervision, allow for the effective work of various
mine departments.

The software enables the supply of basic data for the
realization of mining levels and updating of a spatial model
of the workings. These are specially designed functions for
meeting the requirements of the Mining Technology
Department in the scope of sending work schedules in
electronic form to excavators and the Survey Department in
the scope of sending results of inventory of a spatial model
of an open pit (GP, 2013).
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Transmission of work plans at any time into each optional
machine equipped with the IMS system is the function made
accessible especially to the Mining Technology Department.
The procedure for data transmission allows for checking of
its correctness prior to rendering it accessible. Delivery of a
new work plan is indicated every time on the screen of the
excavator’s operator in the form of reports. If updating of
the plan is necessary, it is sufficient to transmit corrected
data again so that the operator is able to work on updated
data. The work plan contains among others a three-
dimensional design of exploitation boundaries, thanks to
which an operator has access to it, and information on the
distance of the bucket wheel relative to boundaries in all
directions is presented in the real time. By the application of
the previous technology, the operator monitored only staked
pickets in the field, and parameters of tilts were defined
manually. Figure 5 shows an example of three-dimensional
design of exploitation boundaries.

FIG 5 - Exploitation boundaries in the form of Triangular Irregular
Network model.

Updating the spatial model of the workings is one of
basic functionalities of the IMS system. Thanks to the
recording of spatial data during the exploitation process on
an ongoing basis and making this available via the server for
office users’ application, such information is used for a
variety of purposes.

Recorded spatial models lay the foundations of making
calculations of volumes of excavated masses. The IMS
system software features an option for the calculation of
volumes for an entire mining area and for a freely chosen
area.

What is more, the calculations of the remaining masses is
possible, with reference to the borders of communes and the
sort of extracted material.

The Mining Technology Department is responsible for,
among other things, short-term planning of the excavation
process, that is creation of work plans. One of aspects
considered while designing is the model of the workings.
The more up-to-date it is the more accurate the activity of
designing is. All recorded surfaces in the IMS — Server
system are made accessible as the Triangular Irregular
Network models, thanks to which they represent a current
and reliable source of information for employees of the
Mining Technology Department in the process of designing
next work schedules and this allows them to accurately
determine exploitation boundaries relative to topography. It
is worth emphasizing that the model of the workings can be
generated for a freely chosen moment. The software features
data export functions for the use in external software (GP,
2013).

The Survey Department uses the IMS system data for
creating and updating mine maps. Recorded archival
surfaces represent a perfect source of information, for
instance in the event of landslide occurrences.
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The software features a wide range of functionalities,
which allows for analysis and editing of models of the
workings in a number of ways. Creating triangulated models
and cross-sections, generating edges of infraction as well as
carrying surveys based on models are only some of many
opportunities offered by the IMS-Office application.

The current comparison of the realization with the design,
check for correctness of creating transportation ramps as
well as assessment of machines’ work performance are
examples of the application of listed features in practice.
Functions are accessible to employees of all departments,
where the IMS-Office application is installed. The described
functions are available to all office module users.

The excavation process performed by basic machines in
mining conditions is subject to constant inspections run by
supervisory services. The IMS system features a unique
opportunity, which allows for supervision over operating
machines by the application of viewing in the real time.
Thanks to this option, employees responsible for machine
supervision can observe a mining process on an ongoing
basis. Before the system was implemented, such control had
been possible only during field inspections on particular
machines.

VL SUMMARY AND CONCLUSIONS

The multi-task, integrated IMS system based on a satellite
positioning technology is an innovative tool for employees
of a wide range of mine departments and miners operating
basic machines. Collected data by its means is the perfect
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source of information, indispensable for aiding and
streamlining the excavation process, boosting performance
as well as for improvements in safety, with special attention
given to the machines’ personnel.

At present, the system is being developed by installations
on additional machines and improved by new
functionalities. The system architecture allows its
implementation into stackers too. Thanks to the combination
of laser scanning technology with GNSS technology,
monitoring of stockpiling process and recording of a
stockpile spatial model are possible. The computation centre
allows for the integration of data from excavators and
stackers, thanks to which this may lead in the future to total
control over the flow of extracted material in the entire
system type of Excavator — Belt Conveyor — Stacker.

REFERENCES

Geotronics Polska Sp. z o. o. (GP), 2013, As-built documentation of
building IMS-based GNSS technology for use with basic machines -
excavator K —42, PGE GiEK S.A. Belchatéw Lignite Mine Division.

Geotronics Polska Sp. z o. o. (GP), 2015, The final report on the
implementation of the agreement "System IMS - development”, PGE GiEK
S.A. Betchatow Lignite Mine Division.

Majkusiak, T, Kopertowski,A, 2014, IMS Based on GNSS Technology in
cooperation with basic machines in the example of implementation on
excavator K-42 in Brown Coal Mine Belchatéw, VII International Brown
Coal Mining Congress — Monography



