Monitoring Open Pit Mining in TE-KO Kostolac
Issues and Challenges
Nikola Zogović*, Snežana Pantelić*, Dragan Stošić*
*

University of Belgrade/Institute Mihajlo Pupin, Belgrade, Serbia
{nikola.zogovic, snezana.pantelic, dragan.stosic}@pupin.rs

Abstract—Supporting mining processes by modern
information and communications technologies is emerging
area. We have previously enabled monitoring of some
important parameters in open pit mining and set an integral
framework for sustainable mining. In this paper, we extend
our activities in monitoring phase according to the proposed
framework and analyze various ways of data collecting. We
show that combining data from proprietary, open data and
public sources, sufficient set of data for sustainable control
of open pit mining process can be established.

I.
INTRODUCTION
Sustainability and sustainable development recognized
as a promising approach for humans to continue living on
the Earth [1] is defined from global to local level by
United Nations [2]. Moreover, the most important players
in transformation process towards sustainability are
industries and companies. Mining as the primary
economic sector activity is also the subject of the
transformation [3, 4].
Since application of modern information and
communications technologies (ICT) in open pit mining
constantly increases [5-7] a number of frameworks were
proposed focusing on assessment of mining sustainability.
We proposed the framework [8] for assessment and
dynamic control of mining. The framework is supported
by modern ICT and it should keep controlled system
within sustainability constraints. The framework defines
objectives for five sustainability pillars/cornerstones –
economy (EC), production efficiency (PE), safety (SAF),
environment (ENV) and community (COM). It also
considers design space divided into five phases of a mine
lifecycle, and four phases of control cycle for the system.
Current mining companies usually rely on the single
objective, e.g. fulfilment of annual economic plan that is
given by mass of excavated ore, while sustainability and
sustainable development parameters report under the force
of law or in the sense of compliance with environment
protection recommendations. On the other hand, control
process in sustainable mining encompasses a number of
objectives and consequently, the number of monitored
parameters is much larger compared to the control in the
single objective mining.
Dealing with the transformation in mining we focus on
monitoring phase of the control cycle and the problem of
procurement of the sufficient set of data for tracking all
the objectives. For the purpose of the problem analysis we
set the hypothesis H - modern ICT can enable the
collection of data set, sufficient to support the control of
sustainable mining process. To test H we build testing
system in the use case of open pit coal mine TE-KO

Kostolac1, a subsidiary of Electric Power Industry of
Serbia. We also try to detect issues and challenges in the
transformation of monitoring phase of the control process,
from current mining practice to sustainable mining.
II. RELATED WORK
A number of ICT applications regarding monitoring in
mining focusing on particular aspects of mining control or
local loops, have already been proposed. We list here
some of the applications and systemize them according to
the target aspects.
Monitoring tools used in mining such as machinery,
trucks, shovels, etc. targeting localization service and
efficiency is proposed in [9-11].
Rapid increase in monitoring of mining activities
impact on environment is evident [12-19]. Since the
increase is related with growth of ecological conscience,
wider monitoring with a number of ecological parameters
including both abiotic and biotic parameters is still
missing. Air pollution seems to attract the most
monitoring efforts, with pollution characterization in [13,
14, 16], monitoring systems based on satellite imaging
[12, 17], monitoring system based on airborne imaging
[15], etc. Water monitoring is discussed in [18, 19] while
ground monitoring is discussed in [14].
Various open pit mine monitoring systems with the aim
of mitigation of risks - dangerous conditions and
situations recognition, where alarms or warnings have to
be issued, are proposed in [20-25]. Mine slopes stability is
monitored in [20-23, 25] while tailings dam stability is
monitored in [24]. Radar sensor is used in [21], data
fusion from radar and satellite sensors is presented in [23]
while the examples of Wireless Sensor Networks (WSN),
Internet of Things (IoT) and Cloud Computing (CC)
modern ICT usage for monitoring and data processing are
presented in [24, 25].
Monitoring of ground deformation, movement and 3D
ground mapping for exploitation purposes are given in
[26-30]. Various monitoring techniques were used, such
as: GPS/Pseudolites technology in [26] for high precision
slope deformation, differential SAR interferometry for
ground movement in [27], unmanned aerial vehicle based
photogrammetry and terrestrial laser scanning fusion for
3D ground mapping in [28], or WSN based on ultra-wide
band sensors for ground monitoring in [29].
Long term monitoring of mining activities influence on
human health is presented in [31, 32]. It is indicated that
depending on ore type various diseases are present more
in mine surrounding than usual, while PM10 and PM2.5
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seriously affects lung and cancer diseases in mine
surrounding. How wearables can contribute to health
monitoring improvement for employees in mining
companies is presented in [33].
Some examples of monitoring mining energy and
production efficiency are presented in [34-36]. Monitoring
of environment rehabilitation process efficiency after
mine exploitation is presented in [37].
III.

SYSTEM DESCRIPTION AND PROBLEM
FORMULATION

TE-KO Kostolac is lignite open-pit mine in Kostolac,
Serbia, on the right bank of the river Danube, with origins
dating from 1870, Fig. 1. The company is equipped with
old machinery/tools, which should be modernized, as well
as, modern equipment ready for integration, according to
the framework [8]. Illustrative figure of the mine is given
in Fig. 2.2

or heath care and protection of employees, which is the
subject of safety objective. Company is obligated by the
Law to issue financial, environmental, etc. reports toward
governmental bodies. However, limits set by the Law are
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rather treated like recommendations than mandatory in the
transition period. In such circumstances company system
control loop is sufficiently closed by self-monitoring and
community is satisfied by mandatory reports, Fig 3.
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Figure 1. TE-KO Kostolac place

Main facts regarding the company profile are given in
Table 1. It is large size public company operating in the
primary economic sector within bigger company Electric
Power Industry of Serbia. It is profit oriented with the
middle and the first level of management. It is split-up
into several places with most of continual excavation
activities in Drmno and Cirkovac.

TE-KO
Kostolac
system

Mandatory reporting

Figure 3. Current TE-KO Kostolac control

Figure 2. TE-KO Kostoalc open-pit mine

Current control is single objective oriented, where the
objective is given by the average excavation speed, mass
of
excavated
ore
per
year/month/day
in
annual/monthly/daily company plans. Certainly, the other
processes, important for company functioning also exist
and they are subject to side objectives, e.g. equipment
maintenance, which is the subject of efficiency objective,
2
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To upgrade TE-KO Kostolac system to sustainable
operation we use the framework [5] for sustainable mining
and five sustainability cornerstones to define high level
objectives. Let 𝐱 be the vector of TE-KO Kostolac system
state, where 𝐱𝛜𝐗, and 𝐗 is the set of all possible states. Let
𝐳 be the vector of TE-KO Kostolac system state
observables, where 𝐳𝛜𝐙, and 𝐙 is the set of all possible
observable vector values. Let 𝐨 be the vector of TE-KO
Kostolac system objectives in context of sustainability
mining framework [5], where 𝐨𝛜𝐎′ , and 𝐎′ is the set of all
possible 𝐨 vector values, which satisfy all constraints in
the objective space. Let 𝐅𝐎′ 𝐗′ : 𝐎′ → 𝐗 ′ be the mapping
function form the set of objectives to the set of sustainable
TE-KO Kostolac system states 𝐗 ′ , where 𝐗 ′ ⊂ 𝐗. Let
𝐅𝐙𝐗 : 𝐙 → 𝐗 be the mapping function from the set of
observables to the set of states and consequently 𝐅𝐙𝐗′ : 𝐙 →
𝐗 ′ be the mapping function from the set of observables to
the set of sustainable states. We define condition C1 monitoring subsystem supports the system control in
sustainability sense, if it can observe all the elements
belonging to the set 𝐗 ′ , in other words, if 𝐅𝐙𝐗′ exist and it
is feasible. Therefore, to test H we should check if the

monitoring subsystem enables observation of TE-KO
Kostolac’s 𝐗 ′ all the elements.
Since TE-KO Kostolac is in the transition towards
sustainable operation and 𝐗, 𝐙, 𝐎′ , 𝐗 ′ sets and
corresponding mapping functions are not defined, we are
not able to test C1. However, we can define high level
objective space 𝐎, according to the framework [8], where
𝐎′ ⊂ 𝐎. We can also define the feasible observables
space 𝐙 ′ , where 𝐙 ′ ⊂ 𝐙. Now we can relax C1 and define
the condition C2 – monitoring subsystem, which collects
𝐳𝛜𝐙 ′ , supports the control in sustainability sense, if
objectives 𝐨𝛜𝐎 can be observed. Further, we use C2 to
test the hypothesis H.
IV. ANALYSIS
To check whether hypothesis H satisfies relaxed
condition C2 we determine high level objective space
according to the framework [8] and analyze which
observable space is feasible by extending the traditional
observable space by means of modern ICT. Than we
analyze whether all objectives have corresponding
observables.
High level sustainable mining objectives are defined in
[8] and we list them in Fig. 15.
To assess observable space of mining in TE-KO
Kostolac we consider data availability from proprietary,
open data (OD) and public data sources, Fig 4. For
available data we focus on average daily values during the
year 2015. Three reasons stand behind the decision. First,
3 years period is sufficient for all sources to present data;
second, data from the same observing interval are suitable
for further processing; and third, one year observing
interval seems to be sufficient for many objectives
estimation. Generally, we detect five data sources.
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Figure 4. Data sources for monitoring TE-KO Kostolac system

First, we enable existing aged enterprise sources such as
old machinery/tools to network with the system through
the Internet of Things (IoT) concept. In this manner an
IoT device capable to collect machine parameters such as:
position (GPS coordinate), ID device, time, working
hours, amount of fuel in the tank [38], is developed and
100 machines are monitored for four years. This device
collects data relevant for production efficiency objectives.
We also have two devices in TE-KO Kostolac testbed for
monitoring air pollution parameters such as: CO, NO,
CO2, O3, NO2, SO2 and basic meteorological data atmospheric pressure, temperature and humidity. Some of
the collected observables are shown in Figs. 5-9.

Second, we collect open data, which should be provided
by Serbian government and public bodies. However, since
a number of regulative obstacles are present and OD
initiative is still in the beginning phase3, we succeeded to
obtain data from Republic Hydro-meteorological Service
of Serbia4 (HidMet), after payment and we still negotiate
how to obtain detailed data from Environmental
Protection Agency5 (SEPA) from appropriate measuring
stations. Potentially, relevant data can also be obtained
from public bodies such as: Institute of Public Health of
Serbia (Batut), National Health Insurance Fund (RFZO),
Serbian Business Register Agency (APR), etc. For
example, we present in Figs. 10, 11 some of the
observables collected from SEPA. Open data can
contribute to observation of various sustainability
objectives.
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average monthly salaries from local to country level in
Fig. 14.

Figure 10. Daily average of underwater relative dissolved oxygen
obtained from SEPA, Lubicevski most station

Figure 14. Monthly average salaries from Kostolac municipal to
country level in Dinar currency
Figure 11. Daily pH average obtained from from SEPA, Lubicevski
most station

Third, TE-KO Kostolac in the process of modernization
procured modern machines/tools, already designed to
interchange data by means of Internet, e.g. machines
produced by Hidromek, JCB, Caterpillar, and Merlo
companies. Since these machines/tools have Internet
access mainly for maintenance purposes, they often lack
of protected interfaces problem, where interfaces are even
not accessible for customers. However, data provided by
the machines/tools are useful for control of production
efficiency related objectives.
Fourth, the pool of manually collected and processed
data inherited from obsolete process organization is
significant for sustainability of open pit mining processes’
control. Such the processes TE-KO Kostolac should
modernize and upgrade to the acceptable level of
automatization. E.g. installing the sensors into the coal
digging excavator can provide satisfactory data sets for
calculating the daily produced amount of coal. For
example, we present in Figs. 12, 13 some parameters
obtained from manually generated plans and report [39].

Figure 12. Daily average coil production in tons

Figure 13. Cumulative coil production in tons

Fifth source of useful data for sustainability of open pit
mining processes’ control is Statistical Office of the
Republic of Serbia6 (STAT). It differs from the sources in
the second group by the willing of the Office to open data
but the process of opening is still running. On the other
hand, we have great expectation from these sources to
provide significant data regarding economy, safety and
community related objectives. For example, we present

A. Issues in system observation
Several issues of monitoring subsystem transformation
from current to sustainable mining rise. Issues are related
to the cost of data sets needed for control process,
automatization of data collection, data collection process
cost reduction and suppression of conflict of interest in the
control loop.
We detect two examples of non-free data. First example
concerns data collected by modern machines/tools for
which the machine/tool producers require payment. This
problem belongs to the set of intentional interoperability
problems. Second problem is concerning to legal
regulation rules regarding open data, which in some cases
allow public bodies to request payment for data that are of
public importance.
Various procedures of mining company, especially in
data collection and procession, can be automatized by
application of modern ICT. However, automatization cost
vs. quality of automated processes trade-off should be
kept within acceptable constraints.
It can be seen from the diagram given in Fig. 4 that
open data generated by dependent data from mandatory
reports issued by the subject of sustainable control may
lead to conflict of interest. Therefore, monitoring branches
in dependent flow should be treated with respect to
conflict of interest suppression.
The example of integration of modern machines
monitoring systems with maintenance purpose into the
sustainable mining monitoring subsystem showed that
interoperability issues are significant. Since sustainable
mining monitoring subsystem is complex and consists of
many various technical parts interoperability certainly is
considerable issue [40-42].
B. Challenges in system oservation
Monitoring subsystem is challenged by regulatory and
technical challenges on the way from current to
sustainable mining.
Although technological progress enables data to be
open according to the Open Data Initiative (ODI) [43],
national regulation rules do not support the initiative fully,
but it is the process in national regulation bodies
worldwide. E.g., Law on Free Access to Information from
Public Meaning7 in Republic of Serbia obligates all
governmental bodies to provide data on a request in
7
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Official Gazette of the Republic of Serbia, No. 120/2004, 54/2007,
104/2009 and 36/2010

required form without specification of a purpose.
However, one must know exactly what kind of data exist
and to request them. On the other hand, the Law does not
prevent governmental bodies to open their data and make
them available for everybody. Such the way there exist the
web portal8 for open data where many governmental
bodies from local to national level issue the data.
Even data regarding phenomenon relevant for subject
system control is open or can be obtained from some
proprietary source, they often do not provide sufficient
spatial-temporal resolution, e.g., HidMet observes
meteorological parameters over 88361 square kilometers
of Serbia with 31 meteorological stations. Observing
frequency for some parameters is given in Fig. 15.
Another challenge in monitoring relates to collected
data credibility and confidence. Credibility concerns
procedures, which stand back the monitoring process, and
responsibility for quality of collected and reported data.
E.g., SEPA and HydMet can provide raw or processed
data while they guarantee just for quality just of processed
data. On the other hand, there is a question of
measurement errors introduced by sensors.

observables

objectives
Economy
(EC)
Production
Efficiency
(PF)
Safety (SAF)
Environment
(ENV)
Community
(COM)

Observing
frequency [days]
on
<1 1 30 365
?

Internal EC
parameters
APR, STAT, EC
parameters
Internal PE from
daily plans and
reports
Internal PE from
sensors
Internal SAF
from daily
reports
STAT, Batut
SAF parameters
Internal ENV
from sensors
Internal ENV
from dedicated
measurements
SEPA, HidMet
ENV parameters
STAT, RFZO
COM
parameters

V. CONCLUSION
In this paper, we continue working on the topic of
sustainable mining and further analyze the framework set
in [8] by focusing on feasibility of monitoring phase of the
control loop. We analyze availability of necessary data for
observation of high level objectives defined in the
framework. Analysis are performed with the goal of
testing the hypothesis H, which state that modern ICT can
enable the collection of data set, sufficient to support the
control of sustainable mining process. The hypothesis is
tested by relaxed test, which checks whether high level
objectives observation is feasible.
Various open data, proprietary and public data sources
are assessed and issues and challenges that monitoring
subsystem confronts in the transformation from the
current to the state of sustainability are detected. We show
that the hypothesis holds true
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