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This paper presents the current level of digitization of the Polish mining industry on

examples of copper and hard coal mines. A proposal to digitize the individual business

processes in mining production was presented. Six basic components were defined: min-

eral deposit management, SOP (Sales and Operation Planning), production, machines,

security, and analyses. These components define the specifics of the functioning of

the mining process. New methods of collecting and processing data based on Big Data

technology were proposed.
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The restructuring of the Polish mining industry

falls in the time of a new industrial revolution called

Industry 4.0. Industry 4.0 sets a lot of store by the use

of digital technologies, such as cloud computing, Big

Data, or the Internet of things. The digital transfor-

mation of the economy is not only the condition of

competitive efficiency but is slowly becoming a re-

quirement to survive for Polish industrial organiza-

tions that compete for customers on a global scale.

In the global mining industry, mine management is

carried out based on information acquired in real

time. Data collecting from on-line measurements

of the production processes and their analysis is

one of Industry 4.0’s attributes [1].

In the Polish mining industry, one can observe

a dramatic increase in data acquired from technical

systems and, on the other hand, increasing require-

ments concerning better management efficiency and

work safety.

The majority of data acquired from technical sys-

tems is used only in systems that deal with measure-

ments, monitoring the current state of the device, or

parameters of the environment/process. Historical

data is stored but used only occasionally (only to ex-

plain or analyze a particular event). This data is dis-

tributed and non-integrated, which makes it difficult

or even impossible to conduct multi-criteria analyses

or find mutual relationships between processes and

events.
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The partner companies of the CNP EMAG Group

provide mines with devices, apparatuses, and mea-

surement systems for conducting measurements

within the range of:

– geophysics,

– gas measurement,

– mineral quality analysis.

In addition, the CNP EMAG partner companies

provide telecommunication solutions for communi-

cation, alarms, and underground data transmission as

well as the monitoring of the mining processes, per-

sonnel, and machines [2]. Thus, it is possible to say
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that the companies of the group have special compe-

tence and skills to develop and implement a system to

collect, process, and analyze data from monitoring

and control systems in real time.

Thanks to the use of sensors and advanced analyt-

ics, it will be possible to define suggestions and rec-

ommendations on how to improve business processes

and regulations. This will result in higher production

efficiency and better miner safety.

The developed system should provide a full picture

of the supply chain, starting from deposit manage-

ment and mining through coal preparation to its sale

to customers. In addition, data analyses should en-

able us to optimize the energy and material efficiency

of the production processes.

The results of a correlation analysis of machine pa-

rameters such as its motor rotations, temperature,

and vibrations can be used to react to certain events

and carry out prevention repairs. This will allow us to

avoid unplanned work interruptions and ensure busi-

ness continuity, which will positively impact mining

output and reduce exploitation costs.

According to many experts, the Polish mining in-

dustry will achieve significantly higher management

efficiency and better safety by employing information

and communication technologies [3].

The digitization of the mining industry will allow

us to achieve the assumed goals, provided that the

competence and experience of the R&D staff of

the CNP EMAG Group are combined with the best

practices in the realm of mining processes and the

available ICT (which have been successfully em-

ployed in many international mining corporation).
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The results of R&D work that has been conducted

for several years by the companies of the CNP

EMAG Group have made it possible to define the

Smart Mine Program, which is oriented towards

the digitization of production management and safety

in the mine [4].

While defining the program, the current digitiza-

tion state of mining production was taken into ac-

count. This state is characterized by a lack of real

co-operation between the business processes [3].

The following concerns have been observed:

– the employed ICT applications are isolated and

distributed, and they come from many producers,

– there is not a model of integrated data coming

from technical monitoring and control systems,

– many individualized Excel sheets are used, which

results in a lack of data unification and synchroni-

zation,

– it is necessary to unify, collect, and consolidate

data so it could be accessible in due time accor-

ding to the requirements to make decisions in

the realm of mining production.

The defined Smart Mine Program combines the

following suggestions:

– an individual approach of CNP EMAG specialists

to mining production through business processes,

from the point of view of ICT,

– a solution that is a balance between modern tech-

nology and its possible application with respect

to the existing conditions (political, human, and

technological),

– using the knowledge of the personnel and a huge

amount of collected data to find solutions that

support current business processes but do not in-

terfere with them,

– cooperation of companies from the mining envi-

ronment with Polish mining corporations KGHM,

PGG, and JSW in order to achieve success together,

– implementation of particular ICT solutions deve-

loped by different service and technology providers.

The key feature of the program is its interoperabil-

ity. The products of the program will be able to func-

tion in compliance with other products or systems

that already exist or may exist with no implementa-

tion restrictions [5].

The interoperability of the program will be

achieved by securing the following goals:

– legal interoperability – in cooperation with certifi-

cation bodies and the State Mining Authority

in order to identify real solutions, certify them,

and employ in mining,

– business interoperability – coordination of busi-

ness processes and rules in the management range

covered by the program,

– information and semantic interoperability – iden-

tifying a real information system with an unequ-

ivocal interpretation of data by systems used in

the management range,

– technical interoperability – cooperation of many

machines and devices with the use of the Internet

of things, in compliance with the assumptions of

the Industry 4.0 concept.
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Figure 1 features the idea of the Smart Mine Pro-

gram. It shows that the digitization of a mine should

support the economically justified mining of minerals

(in light of the existing demand and valid legal regula-

tions) by means of the rational exploitation of the de-

posit and efficient use of resources, with respect to

the existing natural hazards [6].

It is assumed that the program will be an important

contribution to the transformation process of a min-

ing management system.

In the course of the conducted work, the following

specific tasks of the program were defined:

– higher efficiency of mining production manage-

ment,

– better work safety,

– reduced production costs – not only in absolute

values, but also as a percentage of product sales

prices (coal, copper, and other mineral resour-

ces),

– better quality of the final product delivered to cu-

stomers.

The digitization of the production management

range and mine safety must be oriented towards key

business processes taking place in a mine.

The business processes of a mining corporation

are depicted in Figure 2, while Figure 3 shows which

processes will be covered by the program.

Fig. 1. Idea of Smart Mine Program

Fig. 2. Processes of mining corporation
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It is important to note that the management pro-

cesses and many functionalities of the other process-

es are conducted on the management level of the

whole mining corporation, not only in the particular

mines that are a part of it. Additionally, many of these

functionalities are already supported by IT applica-

tion systems; e.g., SZYK 2. The core of the program

is the digitization of the business processes presented

in Figure 3 [5].

These processes are marked in red, while the pro-

cesses intensively supported by currently used IT sys-

tems and included in the program are marked with

red shadows.

It was assumed that the program would encompass

six functional components:

– Component 1 – Deposit/range: Deposit Manage-

ment,

– Component 2 – SOP/range: Sales and Operation

Planning – Supply Chain Management,

– Component 3 – Production/range: Mining Pro-

duction Management,

– Component 4 – Machines/range: Infrastructure,

Mining Continuity, and Maintenance,

– Component 5 – Safety/range: Safety Management,

– Component 6 – Analytics/range: TAS – Technical

Analysis System.

Figure 4 presents the structure of the program and

business processes related to the program components.

Each component of the program is strictly defined

by the functionalities of the specific business process-

es. The program components will be developed as

a result of the particular projects. One can assume

that the functional range of a component will be

worked out by one or several related projects.

It was assumed that particular functional compo-

nents of the program would be developed by Poland’s

leading academic centers and institutes of the Polish

Academy of Sciences as well as by the research insti-

tutes and companies working for the mining industry

that have proper competence both in mining and ICT,

the leading producers of mining machines, and the

CNP EMAG Group.

Detailed functionalities of the components should

be defined during the program-preparation phase.

This work should be performed by previously select-

ed contractors. It is important to note that, in the

situation when the program is carried out by many

contractors, it is necessary to ensure coherence with

a view to achieving the program’s objective.

The coherence of the solution will be ensured by

the steering committee in charge of project manage-

ment and by a model of business processes related to

the area covered by the program.

Fig. 3. Business processes covered by the Program – red color
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Once the model of the processes is worked out by

the project team, it should be accepted by the steering

committee and taken up as the reference model. This

model will determine the working range of the func-

tional component developers. It will also be the basis

for the constant development and improvement of

the program.

The use of the business process reference model

for mining production will enable us to fulfill the re-

quirements in the range of corporate business in-

teroperability.

The program’s implementation is expected to

bring the following results:

– increasing competence and efficiency in mining

production management by synchronizing opera-

tions within the supply chain (from deposit mana-

gement to coal shipment from the mine),

– giving access to tools for the rational management

of resources and deposits by implementing com-

plex planning procedures (from short-time sche-

dules to multi-annual plans) and operation moni-

toring,

– reducing production costs and ensuring safe and

proper working conditions by online analyses

and monitoring of the operations,

– higher work efficiency by providing better air-

-conditioning parameters (temperature, dust con-

centration) in excavations,

– better work safety, for example, by limiting the

time of the personnel’s presence in particularly

hazardous places (use of the Internet of things).

The expected financial effect of the program is

a 5� reduction in the operational costs of processes

in the realm of production and safety.
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With respect to the costs, complexity, and required

preparation work for implementing the Mining Digi-

tization Program, it is proposed to first start a project

whose final product will be an analytical system that

makes use of the data from systems currently exploit-

ed in the mines. This project will be based on the

experience and competence of the CNP EMAG spe-

cialists. The developed system, called the Technical

Analyses System (TAS), will result from carrying

out the assumptions of the analytical component of

the Smart Mine Program.

Fig. 4. Components and business processes of Smart Mine Program
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Using the data from gas measurement, geophysics,

minerals quality analysis, monitoring machines, and

systems for locating people and devices, it will be pos-

sible to efficiently prepare and implement the first

component of the program.
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It was assumed that the first stage of TAS system

development would be oriented towards collecting,

processing, and analyzing the structured data coming

from gas measurement, geophysics, and machine-

monitoring systems.

The key issue of the project in the first phase

of TAS development is to work out a solution that

would support the identification and evaluation of

hazard levels in the mining environment, with respect

to air composition and seismic events occurring in

underground excavations.

The changing atmospheric parameters in mining

excavations have to be controlled in terms of the so-

called mining gas concentration and air flow. The pa-

rameters are continuously monitored by means of

automatic gas measurement systems equipped with

measurement sensors, data concentrators, and execu-

tion units. The data is transferred to surface supervi-

sion systems through data transmission systems.

Polish coal mines are estimated to have more than

4500 methane meters (average per mine: 120–150)

with data registration. This number depicts the scale

and complexity of the issue.

The seismic systems that are employed in Polish

mines enable us to locate seismic events and deter-

mine the parameters of rock burst epicenters. Being

familiar with the seismic parameters and layout of

the measurement network makes it possible to use

different algorithms of velocity and damping passive

tomography. In tomography algorithms, the natural

seismic phenomena invoked by mining exploitation

are used. The system is equipped with software to

perform passive tomography by means of probabilis-

tic inversion. The credibility of the achieved results

depends to a large extent on the number of bursts and

their spatial layout.

The systems used in mines ensure the registration

of data and messages in local databases. The databas-

es are copied into several archives and used in moni-

toring and warning domain systems.

Taking into account the available measurement

data from mining monitoring systems, it is suggested

that such a TAS system should be developed that will

extend the range of information use for business pur-

poses. The system will be supplied with data acquired

from mining systems for the monitoring and registra-

tion of technical data.

TAS will store a huge amount of data from gas and

seismic monitoring systems. Hundreds of devices

installed in the mines measure and monitor the meth-

ane concentration in the air (many online measure-

ments), coal dust concentration, and the concentration

of CO, CO2, H2S, NO2, and O2 gases. In addition,

the devices measure the velocity of air flow in order

to assess the working conditions of the ventilation

equipment, humidity, air temperature, rock tem-

perature, equivalent temperature, or atmospheric

pressure.

Similarly, measurement data is collected from sev-

eral dozen two- and three-element seismometers and

geophones. The data goes to supervisors – experts

who supervise rock bursts in mines.

The TAS system will store a great amount of infor-

mation in the realm of monitoring the operations and

the technical conditions of the machines and devices.

For example, in the PGG mining corporation, it

would be necessary to collect data for:

– 8000 powered support units,

– 47 cutter loaders,

– 88 heading machines,

– 1300 transport systems,

– 270 underground trains.

The data from these measurements will be infor-

mation input to the TAS system. TAS will also be pro-

vided with data acquired from external systems. It is

assumed that the national European Plate Observing

System (EPOS) will ensure complex unified data

from particular domains (e.g., seismological, land

surveying, and geological data) [7].

In the next phase of the TAS system development,

there will be solutions developed to collecting, pro-

cessing, and analyzing unstructured data, such as:

– geological maps,

– mining documentation (historical data),

– data generated by measurement and automation

systems,

– location data generated by mobile devices for po-

sitioning people and machines,

– data from the Internet,

– photographs and scans,

– data from other systems.
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It is important to stress that the data collected

in TAS will be characterized by a huge quantity and

changeability in time as well as inestimable business

value that can be obtained by analytics and reasoning.

The detailed range of the source data will be de-

fined in the course of the project.
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It was assumed that the TAS system should collect

both structured and unstructured data coming from

mining technical systems and external data sources

(e.g., EPOS). The storing, processing, and analytical

tools of the system should enable us to acquire con-

crete information from this data, which is crucial

for raising the efficiency of the business processes in

a mining corporation.

First, the TAS system will be developed based

on the Business Intelligence (BI) technology. The

structure of such a system is presented in Figure 5.

The developed analytical solution should enable ad-

vanced analyses and the application of prognostic

methods.

Then, the range of the source data will be extended

by unstructured data. This will require an extension

of TAS by a new technology, according to the diagram

in Figure 6. The Big Data technology will be applied.

The use of unstructured data makes it necessary to

check whether it is possible to apply the Hadoop

framework (open-source software) to develop one’s

own analytical environment that works with this sort

of massive mining data. The work will be carried out

with a view to developing a method of data linking in

different formats and structures so it would be possi-

ble to identify the currently invisible relationships

and dependencies. Based on the commonly used BI

technology, it is not possible to process this type of

unstructured data in a reasonable amount of time due

to the lack of specialized analytical machines adapted

to the expected size of the data sets and specific fea-

tures of the analyzed mining issues.

The structure of the TAS solution includes

a source data layer and layer of transactional data

from measurement and monitoring systems. This

data will be cleaned, integrated, and adapted to the

requirements of a data workhouse with the use of

the Extract, Transfer, and Load (ETL) requirements.

In the proposed solution, it is assumed that the data

will be loaded to the corporate data warehouse. The

data in the warehouse comes from many sources,

but it will be integrated and set as read-only. In case

the data warehouse is significantly overcrowded with

data (and to make the analytical work more efficient),

data marts may be created.

Fig. 5. TAS system in BI technology
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There are two structures recommended for data

storage in data marts:

– Database data mart – one dimensional base. Data

processing and aggregation in an application

(e.g., for reporting),

– Multi-dimensional structure – in the multi-

-dimensional structure, the data is ready for On-

line Analytical Processing (OLAP).

In the TAS system, data mining will be used to

search for trends and dependencies. The technolo-

gical solution based on the ELT process and data

collector can be seen in Figure 6.

Data mining methods should enable us to identify

cause-and-effect relationships that cannot currently

be identified by means of proper technologies due to

the huge amount of data to analyze. This will allow us

to eliminate hazards in the mine and raise the effi-

ciency of the business processes. The predictive mod-

el is usually based on historical data acquired from

a data warehouse. The data is analyzed in the analyt-

ical module. However, the data needed for real-time

prognoses must be available online, not in the periods

resulting from the warehouse update cycles. Then, it

is necessary to use the ELT (Extract, Load, Trans-

form) process instead of ETL (Extract, Transform,

Load) and to load source data straight to the data col-

lector or data mart linked directly to the prediction

support module.

The use of ELT is justified for saving and storing

unstructured data in the TAS system collector according

to the recommendations for the Big Data technology.

To develop TAS with the use of a technology ap-

plied in big data systems, it will be required to check

whether it is justified to apply the following:

– MapReduce concept – Big Data platform – availa-

ble in Hadoop/Apache Software Foundation, SAP

HANA,

– Database (NoSQL), Apache Hbase – to save data

streams,

– software to analyze huge sets of unstructured da-

ta – Apache Hadoop, SAP HANA (identifying de-

pendencies and relationships for data in different

formats and structures).
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The TAS system should provide tools for the fol-

lowing:

– automatic reporting,

– data search and filtering,

– ad hoc analyses,

– data mining – drill-down, roll-up, drill-across,

drill-through,

– construction of predictive models,

– file export to Excel.

Fig. 6. TAS system in Big Data technology
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The possibility of exporting selected data files to

Excel should meet the expectations of those analysts

for whom Excel is the basic tool for analytical work.

Data mining will be widely used in TAS to search

for trends and dependencies. The assessment of mea-

surement results and the credibility of the analyzed

data must be carried out with respect to the probable

dynamics of changes in the measured quantity. This

allows us to recognize the measurement result as

credible or incredible. It is necessary to define rule

and measurement assessment criteria so that the ver-

ification of the conducted evaluation accuracy could

be possible only on the basis of the further progress of

the process. In many cases (particularly those related

to hazards), such an assessment must be made in real

time. This situation imposes the quick reaction of the

analytical system. The system associates the results of

online measurements with historical data and works

according to mining regulations. The collection of

measurement data by the system and its frequency

will be recommended for the measured quantities.

Within this task, the applied rules of measurement

aggregation will be verified. This refers to cases when

a single measurement result represents the value of

the measured quantity in a given period of time that

is longer than the acquisition of measurement data

(aggregation periods should result from mining prac-

tices and regulations).

Predictive modeling allows us to predict future re-

sults, estimate risk, assess the situation, and manage

the processes in a general sense. Statistical analysis

of representative portions of information available in

the TAS system can improve the velocity and quality

of the statistical predictive model’s development.

Within the project, it would be necessary to select

a predictive method for processes covered by the pre-

diction. With quantitative predictive methods, it is

possible to use such models as time series, economet-

rics, and cohort analysis with leading variables.

Qualitative methods are based on expert opinions

and are formulated on the basis of data on the devel-

opment of the variable predictive value and explana-

tory variables in the future.

A predictive method should be selected on the ba-

sis of the assumed prerogatives and available histori-

cal data. At the current stage of defining the range of

the research project, one can recommend quantita-

tive methods based on time series. However, with

better predictive experience and a greater amount of

unstructured data, it will be possible to use qualitative

methods. The model’s development will be supported

by the prediction support module. In the period when

the prognoses are used, it is necessary to assess their

accuracy by means of ex-post errors. The prediction

results will be presented in tables and predictive value

diagrams. The predictive module should be supplied

with real values that can be compared with the prog-

nosis.
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The analytical component of the TAS system will

process the collected information and enable reason-

ing based on the implemented models.

TAS should be treated as an auxiliary tool in the

decision-making processes related to technical issues.

It is assumed that the development and implemen-

tation of the Smart Mine Program products (in par-

ticular, the implementation of the TAS system) will

be related to the start of the Data Analysis Center

(DAC). DAC will conduct advanced analyses of data

collected from monitoring the process of mining pro-

duction and the working conditions of the miners.

DAC will require work performed by experts from

different organizations (universities, research insti-

tutes, State Mining Authority, mining companies)

with adequate knowledge of the subject.

Today’s ICT technologies enable remote access to

data and remote real-time monitoring of processes

by distributed teams of analysts.

The analysts of DAC should:

– be able to conduct analyses of Big Data sets with

structured and unstructured data,

– understand the behavior of machines as well as

measurement networks and systems to identify

unusual/atypical events and cases without genera-

ting false alarms,

– be able to model prognoses and simulations,

– be able to interpret the results and prognoses in

light of domain knowledge, knowledge of proces-

ses, and regulations.

The DAC Center will offer expert services (analy-

ses, modeling, prediction) for Big Data. The services

will be calculated on the basis of a billing system that

will register the performed work. The relationships

between DAC and TAS can be seen in Figure 6.
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The concept of the gradual digitization of the Pol-

ish mining industry discussed in the article is an

attempt to propose a complex solution to support the

management, production, and safety processes in

mines. The solution will allow us to optimize the use

of machines and devices in the production cycle as

well as plan renovations and investments with high

accuracy. It will also improve work safety in under-

ground mines. A system-based approach to produc-

tion and safety management with respect to quantita-

tive and qualitative economic aspects is particularly

important for Polish mining, which has been under-

going restructuring processes for years.

A good example of the first stage of a mine digitiza-

tion is the One Control Room concept in the Polkowice-

-Sieroszowice copper mine (a part of the KGHM cor-

poration). This concept is a new approach to data

acquisition and processing. It enables the remote con-

trol of the production and maintenance processes and

offers a proactive approach to the maintenance of sys-

tems, which ensure lower exploitation costs and better

quality of the final product [8].

Due to the fact that processing bigger and bigger

data sets has become something common in business,

it is necessary to perform the next stage of mining

digitization; i.e., developing a system for Big Data anal-

yses along with a data analysis center. Finding the de-

pendencies and correlations between the data coming

from different areas of basic and supporting processes

in a mine will become a perfect source of management

and maintenance information. It will also allow us to

impact the production process and quality of the final

product required by the customer. Another equally

important element is the method of presenting the

above information with respect to the perceptive abil-

ities of production management personnel.
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