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Abstract. The paper deals with modern ICT techniques and systems,
and mechatronic systems for mining industry, with particular attention
paid to results achieved by the authors and their research groups. IT sys-
tems concern process and machinery monitoring, fault detection and iso-
lation of processes and machinery, and assessment of risk and hazards in
mining industry. Furthermore, innovative applications of AI methods are
addressed, including pattern recognition and interpretation for process
control, classification of seismic events, estimating loads of conveyors,
and the others. Special attention is paid to applications of mechatronic
solutions, such as: unmanned working machinery and longwalls in coal
mines, and specialised robots for basic work. Mobile robots for inspect-
ing areas of mines affected by catastrophes are presented, too. Moreover,
recent communication solutions for collision avoidance, localisation of
mining machinery, and wireless transmission are addressed. The paper
concludes with most likely development of ICT and mechatronic systems
for mining industry.
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1 Motivation

Mining industry is experiencing technological and organizational revolution in
recent years. There are several pan-European initiatives supporting such changes
(European Innovation Partnership on Raw Materials, European Insitute of Inno-
vation and Technology - Raw Materials Branch, EURobotics with Topic Group
“Robotics in Mining”, etc.) [11–13]. It motivates us to highlight current trends in
mining industry and present several research activities exploiting very advanced
technologies (rarely recognized as mining applications). Depending on type of
mined raw materials, used technology, environmental hazard, etc., mining com-
panies might face very different problems. For the needs of this paper we will use
several perspectives. The first critical feature is type of a mine (opencast, under-
ground). Next critical issue is energetic or non-energetic type of materials. The
first one is mainly related to hard coal mined in general in underground mines
with explosive atmosphere. The second one, at least in Poland, is associated with
underground mines and deeply located copper ore deposits. A deep underground
mine means hard rock with extremely harsh environmental conditions, natural
hazard (seismic risk) and relatively poor automation of mining operations (room
and pillar technology, no mechanical excavation in contrast to longwall systems
in underground hard coal mines). Relatively easier case could be noticed in open
cast mines (lignite brown coal or non-energetic raw materials including aggre-
gates). There are examples of nearly fully automatic mines with central room
control, autonomous machines, analytic centre, etc. Regardless of mentioned
issues in all cases motivation to introduce advanced technology to the mining
industry is very similar. To be competitive enough, a mining company should be
economically effective, safe and environment-friendly. Nowadays, mining compa-
nies are great examples of advanced technology users. Big mining companies like
Codelco, Rio Tinto, KGHM, etc., use advanced IT technologies (monitoring of
objects and processes, data modelling for processes optimization, decision sup-
port systems, reporting tools etc.), advanced process control systems, robots for
inspections or partially robotized mining operation (drilling/bolting, transport,
etc.) and many other smart solutions. In this paper we address modern ICT
systems and mechatronic (and especially robotic) systems. The discussion illus-
trated by selected real world examples will cover underground hard coal mines,
opencast lignite mines and deep underground copper ore mines.

2 IT Systems in Mining Industry

The diversity of IT systems in the mining industry is vast and covers many
areas of current activity of the company. Some of them are very general (elec-
tronic document circulation, purchasing, finance management, etc.) and have
been implemented in the past [4,9,16]. However, specific solutions dedicated to
production monitoring management in mining are non-trivial and their success-
ful application is challenging for many companies. The most prominent examples
are SCADA systems used to monitor condition of machines, process, environ-
ment, seismic activity and many others.
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The authors are especially involved in developing methods and systems for
fault detection of machinery and for assessment of risk and hazards. As an exam-
ple, the Disesor system is presented which is a decision support tool for fault
diagnosis, hazard prediction and analysis in mining industry [29]. The Polish
consortium leaded by the EMAG Institute of Innovative Technology together
with the Silesian University of Technology, Warsaw University and Sevitel Sp. z
o.o. has developed the system. Disesor is a shell system that can be filled in with
data and facts concerning a given problem domain. It can deal with fault diag-
nosis in different plants (processes or machinery), and with hazard prediction
and analyses of such phenomena as e.g. methane hazard in coal mines, or rock
burst hazard in underground mines. The architecture of the system consists of:
a Data Repository, Data Preparation and Cleaning module, Prediction Module,
Analytical Module and Expert System Module. The core of Analytical, Predic-
tion and Expert System modules is based on RapidMiner platform [15,26]. The
goal of the Data Preparation and Cleaning Module, which is referred further as
ETL2, is to integrate the data stored in data warehouse and process it to the
form acceptable by the methods creating prediction and classification models.
In other words the ETL2 module prepares training sets. The Prediction Module
is aimed to apply classification and prediction models created in the Analytical
Module for a given time horizon and frequency of the values measured by the cho-
sen sensors. This module also tracks the trends in the incoming measurements.
Created predictive models are adapted to the analysed process on the basis of
the incoming data stream and the models learnt on historical data (within the
Analytical Module). The module provides interfaces that enable the choice of
quality indices and their thresholds that ensure the minimal prediction quality.
If the quality of predictions meets the conditions set by the user, the predic-
tions will be treated as values provided by a virtual sensor. They can be further
utilised e.g. by the Expert System but also can be presented to a dispatcher of
a monitoring system. The Expert System module is aimed to perform on-line
and off-line fault diagnosis of machinery and other technical equipment. It is
also capable of supervising processes and supporting the dispatcher or expert by
decision-making with respect to both technical condition of the equipment and
improper development of the process. The Expert System allows reasoning by
means of multi-domain knowledge representations and multi-inference engines.
The inference process is performed by means of classical inference based on
Boolean logic or fuzzy inference system as well as probabilistic inference with
the use of belief networks. The Analytical Module is aimed to perform analysis
of historical data (off-line) and to report identified significant dependencies and
trends. The results generated by this module are stored in the repository only
when accepted by the user. Therefore, this module supports the user in decision-
making of what is interesting from monitoring and prediction point of view. It
also provides additional information that can be utilised to enrich the knowledge
base of the Expert System or that can be utilised to comparative analysis. The
module supports identification of changes and trends in the monitored processes
and tools and it also enables to compare the operator’s and dispatcher’s work.
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The more detailed description of the system can be found in [21,29]. Examples
of applications of this system to practical mining problems will be presented in
the tutorial. Moreover, the authors also view Disesor as a tool that can be used
for a wider spectrum of applications, and therefore it is considered to apply this
software for solving similar problems/tasks [19].

Other examples concern brown coal mines, where giant bucket wheel exca-
vators and belt conveyors systems are of special importance to the operation of
a mine. Researchers from Wroc�law University of Technology have developed a
monitoring and diagnostic system with original decision making scheme for the
case of nonstationary operating conditions (variable load/speed) [1,8,35]. This
system includes instrumentation technology, signal processing, diagnostic proce-
dures and maintenance strategies for drive units (gears, bearings) as well as for
belts with steel cords. Unique, original solutions have been also developed for
complex multistage planetary gearbox.

The next application concerns a belt conveyor network, which is distributed
over large area and can include up to 100 conveyors with many components to
monitor. Implementation of online monitoring system on each of them might
be considered as expensive. Thus, another solution for underground mine has
been developed. It assumes that data will be acquired on demand by a portable
system. The central part of this solution is related to CMMS system for simple
support of maintenance stuff. The personnel needs to be informed when and
what should be checked. Measurements require minimum skills, data processing
is fast and decision is available immediately. A key issue is long term monitoring
of objects behaviour and extracting appropriate knowledge from population of
machines of the same type but with different condition [31].

The last example is related to load-haul-dump (LHD) machines: loaders,
trucks, drilling and bolting machines. The most difficult issues here are: com-
plexity of the machine (more than 70 variables are monitored), its mobility,
extremely harsh environment (these machines are working in mining face area),
and number of machines in operation. KGHM Cuprum has been a partner in
the SYNAPSA project focused on monitoring LHD machines. It has been imple-
mented in the deep underground mines in KGHM “Polish Copper” S.A. Again,
holistic view on instrumentation (on-board monitoring system, wireless com-
munication, fiber optics network, data warehouse) and advanced analytics and
reporting tools were developed in this project, which is described e.g. in [36].

3 Artificial Intelligence Applications

Artificial Intelligence (AI) methods and applications have become ever more
and more popular in the mining industry. One of the most frequently applied
are pattern processing, analysis, recognition and interpretation methods. As a
pattern we understand an ordered set of data, including images collected by video
and infrared camera systems. There are many applications of pattern recognition
(PR) techniques for detecting faults basing on process data and residual signals.
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One prominent example of using AI is diagnostics of machinery. Based on
measured data (vibration, temperature, pressure, etc.) one needs to make a deci-
sion regarding machine condition. In the most of cases it is two-class classification
(good/bad condition). Such an approach requires appropriate training data sets
that cover both good and bad condition cases. Unfortunately, mining machines
are often very specialised, designed on demand, for the particular mine (see for
example a bucket wheel excavator). No diagnostic tests are allowed (introducing
artificial damages to learn about behaviour of machine in bad condition). In such
a case, the so called one-class classification could help [2,27]. Mining machines
are working in time varying conditions, including also transients. It means that
apart from classical diagnostic features there is a need to use descriptors of
operational conditions (speed or load values). It leads to data fusion, multidi-
mensional, multivariate data analysis. Again, fundamental problems arise (are
data representative, are they redundant, can dimensionality be reduced, are there
feaures dependent linearly or nonlinearly, etc.). Some of these issues have been
discussed in [2,3,5].

PR can be also applied to detect and classify seismic events. Monitoring
of seismic events is operating 24 h 7d. Till now from the mining perspective
the energy and localisation of a seismic event is automatically evaluated by the
monitoring system. By appropriate parameterisation of a seismic signal it might
be possible to recognise automatically the character of a seismic event. It has
been shown by Xu et al. [33] that spectral representation of different types of
seismic events is significantly different and can be the basis for classification.
Such a classification for copper ore mine was discussed by Soko�lowski et al. [30].

Very important AI applications concern data mining (DM) in databases col-
lected by multiple systems employed in the mining industry. Data carries very
useful information of relations between process parameters, the state of the plant
(object or process) and outputs. There are multiple systems developed to acquire
knowledge from data in an automatic way, with the Disesor system [29] as a
prominent example. But knowledge engineering is not limited to DM applications
only. For example, the Disesor system provides a bunch of tools for acquiring
knowledge from domain experts, which can then be implemented in a dedicated
Expert System capable of supporting the user (operator, diagnoser, manager)
in taking decisions concerning further development of the process under control
[29]. It is well-grounded that expert systems can be effectively applied in many
areas such as medicine, education, entertainment, risk management and fault
diagnosis [7,23]. The present activity of scientists and engineers confirms that
expert systems also play very important role in the field of mining engineering.
In [34] the authors present an expert system for supervising workstations of
coal mines. This system applied production rules to express knowledge, whereas
the inference process was realized by means of forward as well as backward
reasoning. A safety management system for coal mine was suggested in [32].
The authors created the information processing system that was based on web
site technology. This system is used in Zibo mining industry group and Xu
Chang coal plants in China. The authors of [14] developed an expert system for
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assessment and optimization of coal mines in terms of their eco-efficiency. This
was not a typical expert system, but rather a set of software tools for managing
a mining company. The more detailed and deeper survey on expert systems for
aiding the mining industry may be found for instance in [6].

Another area of application of AI (in particular machine learning – ML)
in mines is hazard assessment and prediction. For example the Disesor system
enables predictions of two types of hazards: methane and seismic ones [29]. In
case of methane hazard the system predicts a maximum methane concentration
at a longwall end area. The prediction horizon is medium-term (several minutes).
An accurate medium-term prediction of maximum methane concentration would
let the mine dispatcher monitor labour security factors in a more efficient way,
which would result in reduction in the number of costly automatic power switch-
offs caused by overrun of the admissible methane concentration level. One of
the main tasks of coal mine geophysical stations is to determine the current
state of seismic hazard (particularly, hazard of high-energy destructive tremor
which may result in a rockburst) in underground mining places. Rockbursts,
as phenomena related with mining seismicity, pose a serious hazard to miners
and can destroy longwalls and the equipment. The Disesor system predicts the
value of the seismic energy which will be emitted within the longwall area. Higher
(> 5 · 105 J) energy values are treated as potentially dangerous situations.

In both the cases ML methods are used to construct predictive models. Due
to the imbalanced nature of the data (dangerous situations are rare) the prob-
lem of constructing good predictive models characterised by good sensitivity and
specificity is difficult [18]. For this reason there were organized two international
data mining competitions [17] in order to develop the methodology for predic-
tive models suitable for the problems mentioned above. The best models are
based on an advanced data pre-processing and the use of ensemble classifica-
tion paradigm. The best methods were implemented within the Disesor system.
The implementation includes: tuning the model to conditions existing in the
specific longwall and monitoring the quality of predictions (by setting minimum
thresholds related to wrong decisions) and concept drift identification.

Bearing in mind the current state of the art in this subject it can be concluded
that recent challenges for mining companies cause that advanced expert systems
are viewed as indispensable decision support tools which are being more often
involved in their activities. The authors of the paper still see the need for devel-
opment of more advanced expert system shells that can be successfully applied
in the mining industry [25]. Their studies focus on the practical applications of
such software tools for solving different problems such as fault diagnosis of belt
conveyors [20] or longwall shearers [28], hazard prediction [21], etc.

4 Mechatronic Systems and Robotics

Much effort has been made since decades to release human miners from carrying
out very heavy and unsafe work. In the paper we address the most impres-
sive systems such as unmanned working machinery and longwalls. There are
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two different approaches to releasing human operators from direct operation of
machinery working in hazardous environment. The first one consists in equipping
the machinery with the option of remote control. The operator can remain in a
safe place (and in the best solution need not to go down to the underground part
of the mine) and control the operation of the machinery basing on information
provided by video and other sensory systems [10]. Moreover, an expert system
can support him by taking decisions. The more advanced technology consists in
completely autonomous operation of the machinery, which requires significantly
higher intelligence of the system. Autonomous and remote controlled systems
are also offered for mining trucks, bulldozers, drills, and shovels [22].

Very broad research and applications concern copper ore mining industry,
where its good communication infrastructure facilitates remote operation of
machinery.

To make a next step in robotisation one should consider specialized
autonomous robots for basic work including automated drilling machines, auto-
mated machinery for loading blasting holes, autonomous LHD (loaders and
trucks), robotized arms for oversized copper ore lumps crushing, etc. Currently
in KGHM “Polish Copper” S.A. such projects are in progress and results are
expected in near future. Also some works related to inspection robots (flying,
walking, etc.) are considered for spatially distributed infrastructure inspection.
As mentioned earlier, it is not reasonable to monitor online everything in a
large scale mine. To minimise humans effort one might exploit mobile robots (in
teleoperation mode or fully autonomous). Since it is very difficult to develop a
machine that deserves absolute autonomy despite instant situation in an oper-
ating scene, a very innovative approach of virtual teleportation of the operator
to the operational scene is developed and implemented (the key know-how of
SkyTech Research Sp. z o.o.).

Other group of mechatronic systems is devoted to robotized inspection. Such
systems can release human inspectors from very hazardous and troublesome
work. An example of this can be inspection of an area of coal mine affected by
a catastrophe such as fire, explosion of gases, etc. An exemplary system called
TeleRescuer [24] replaces human rescuers in inspections of roadways closed by
a dam, since it is capable of operating in explosive atmosphere and in increased
temperatures. The system is composed of two main parts: a mobile robot satisfy-
ing ATEX M1 requirements, and an innovative Human-Machine Interface (HMI)
that can evoke virtual teleportation of the operator to the scene where just the
robot operates, but the rescuer could not be there due to unacceptable hazard
to his life. Although the main operation mode is remote control, the system is
capable of operating autonomously in case of losing communication with the
control station located in a fresh-air base. This research is carried out by a con-
sortium where Silesian University of Technology (Poland) acts as the leader, and
the partners are: VSB – Technical University of Ostrava (Czech Republic), the
University Carlos III of Madrid (Spain), SkyTech Research Sp. z o.o. (Poland),
Simmersion GmbH (Austria), and KOPEX S.A. (Poland). More details of this
system will be presented in the tutorial.
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5 Sensing and Communication

Collision avoidance and proximity detection systems become ever more and more
popular in the mining industry. The reason is that mobile mining machinery
becomes bigger and operates with higher speeds of its organs, while there remain
significant dead sight areas where the operator is unable to detect other machines
or even humans. The collision avoidance systems are based on RFID, radar,
vision or ultrasonic systems. Their operation is affected by harsh environment
conditions such as high relative humidity, dust or coal culm.

Other essential issue concerns communication. If one considers coal mines,
the coal itself that constitutes walls and ceilings of a roadway affects propaga-
tion of radio waves. Nonetheless, countable wireless communication systems are
developed, capable of working in underground coal mines. The complexity of the
system depends on data transfer rate required to transmit measurement results
and images. Recently wireless systems capable of operating in coal mines take
advantage of a network of repeaters based on motes – simple communication
modules that can organize themselves in an ‘ad hoc’ network. Such a system is
developed in the framework of TeleRescuer project playing the role of a backup
communication system for the robot.

6 Conclusions

In the paper some issues concerning ICT and mechatronic systems that are used
nowadays in mining industry have been discussed. Development of such systems
can have great influence on the further evolution of this industry. If one consid-
ers increasing the productivity by simultaneous reduction of costs and hazards,
then intensive automation with the goal to develop autonomous machines that
might totally replace human operators is the answer. Nevertheless, it is impos-
sible to isolate completely the human operator from supervising the system in
some rare, yet very critical situations when automatic control cannot assure flaw-
less operation. To this end, the innovative virtual teleportation technology could
help by allowing remote intervention of the experienced operator who person-
ally could assess the situation and find solution to the problem unsolvable by
the autonomous system itself. The next step could be to include a self-learning
functionality to the system to allow collecting new skills that could be used in
the future to operate when facing problems too difficult to solve until now. Such
ambitious goals can be undertaken by international consortia and require both
the R&D and implementation work. Research centres and universities can play
very important role in this process by developing new methods and demonstra-
tors. Very close collaboration with the industry would be of great importance.
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