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DIGITIZATION OF MINING ASSETS

Abstract. The article considers the issues of using information technology to control mining companies’ engineering and business processes. It reveals
the urgency of implementing an automated management system for mining operations powered. This system provides the basis for creating a virtual source
of a mining company. The paper presents the software functionality in creating 3D models of deposits and surfaces, as well as solutions for companies with
both opencast and underground mining methods. The proposed software solution contains the widest range of applications and supports the highest data transfer
rate. A comprehensive approach and integration with other systems installed at enterprises allow you to find the best option for managerial decisions in
terms of optimizing resources and processes, time and data traffic.
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Tay-lcel{ (-)Hl]ipy aKTI/IBTepiH unq)p.nam]upy

Anaarna. Makanajga Tay-KeH KOMITAHMSUIAPBIHBIH MH)KEHEPIIK JKOHe OM3Hec-NpolecTepiH Oackapy YIIH aKMapaTThIK TEXHOJOTHsIapiAbl MaigaiaHy
Mocelesiepi KapacThIpblIaabl. ByJl Tay-KeH KOMIIAaHUSCBIHBIH BHPTYAJIIbI KO31H KypyFa Heri3 00JaThIH Tay-KeH KYMBICTApbIH OacKapy/IblH aBTOMATTaH/BIPbLUIFAaH
JKYHECIH eHTi3yliH ©3eKTIIIrH Kepcereni. Makajiaja KeH OpbIHIAapbl MeH OeTtepiHiH 3D-MonenbaepiH Kypyra apHajraH OariapiaMaliblk KaMTamachl3 eTyliH
(pyHKIMOHANABIK MYMKIHIIKTEpi, COHAAM-aKk Maifanbl KazOamapabl OHIIPYAiH allblK JKOHE JKepacThl JICTepIH MaijalaHAThIH KOMIIAHHsIIApFa apHaJjFaH
LICHIM/Iep YChIHBUIFAH. ¥ CHIHBUIFAH OaFgapiaMaliblK MIHIM KOCBHIMIIAIAPIbIH KeH CIIEKTPIH KaMTH/BI J)KOHE JepeKTepai OepydiH eH JKOFaphl JKbLIIaM/IbIFbIH
Kosaiiael. Kocimopsinaapia opHaThUIFaH 0acka KyiellepMeH WHTErpalusIaHFaH TOCII jKOHEe MHTErpalisi pecypcTap MEH IpOLEeCTep/li, YaKbIT IeH JepeKTep
TpadUriH OHTaHIaAHBIPY TYPFBICEIHAH OacKapy MICHIIMICPIHIH eH *KaKChl HYCKAChIH Ta0yFa MYMKIHIK Oepei.

Tyuinoi co30ep: may-Ken JCyMblCmapbli A8mMoMammanoblpy, YUGpPavlK KOCApAACMap, OHePpKICINMIK yudpianosipy, may-KeH dHCyMulCmapbii 6ackapyobly
asmomammanovipuliean sxcyteci, 3D-modenvoey, Kapbepiep Men wmaxmanapowvl HCOCNApaay, Hcooaiay, OHepKICIinmix Kayincizoik, may-Ken oHOIpyui KOMnanus-
2apobL 6aACKapy, may-KeH HCYMbLCMAapblHbly MOHUNOPUHEI.

IndpoBusanus ropHOIOOBIBAIOIINX AKTUBOB

AnHoTanus. B ctatbe paccMaTpUBAIOTCSl BOIIPOCHI HCIOIb30BaHMs HH()OPMAIIMOHHBIX TEXHOJIOTHH AJIsl yIIPABICHNUS MHKEHEPHBIMH U OM3HEC-IIPOIiecCaMH
TOPHOI0OBIBAIOIINX KOMIIAHHN. DTO MOKA3bIBAET AKTYaJIbHOCTh BHEAPEHHS aBTOMATH3UPOBAHHON CUCTEMBI YIIPABJICHUS TOPHBIMU paboTaMu, KOTOpasi obecredn-
BAeT OCHOBY JUISI CO3AAaHMUS BUPTYAIBHOTO HCTOYHUKA TOPHOAO0BIBAIONICH KOMIAHNH. B cTaThe MpeacTaBiIeHb! (hyHKIIMOHATIBHBIE BOZMOXKHOCTH IPOTPAMMHOTO
obecrieueHust Ut cozaanus 3D-Moneneld MECTOPOXACHNH U TIOBEPXHOCTEH, a TaK)Ke PEIICHUs Il KOMIIAaHUH, NCIIOIB3YIOIMINX KaK OTKPHITHIC, TAK M ITOA3EMHBIC
METObI J1OOBIYH IMOJIE3HBIX UCKOMaeMbIX. IIpe/uiaraeMmoe nporpaMMHOE PEIICHHE COAEPIKUT CaMblil IMUPOKHHA CHEKTP NPHIOKECHUH M MOJACPKUBACT CaMyIO
BBICOKYIO CKOPOCTb Iepefauu JaHHbIX. KOMIUIEKCHBII MOAX0A U MHTETpalys ¢ JPYTMMU CUCTEMAMM, YCTaHOBJIEHHBIMM Ha IPEANPUATUAX, TO3BOJISIOT HAWTH
ONTUMAJIBHBII BAPUAHT yNPABICHICCKUX PEIICHUI ¢ TOYKH 3PCHUSI ONTHMHU3AIHHA PECYPCOB M IMPOLECCOB, BPEMEHH U TpadhuKa JaHHBIX.

Knrwoueswvie cnosa: asmomamusayus 20pHeix pabom, yu@posevie OB0UHUKU, NPOMBIUNCHHAS YUDPOBU3AYUS, AGMOMAMUIUPOBAHHAS CUCTNEMA YNPABIEHUsL 20D~
oty pabomamu, 3D-mooenuposanue, nIAGHUPOSAHUE, NPOCKMUPOBAHUE KAPLEPOS U UAXM, NPOMbIUUICHHA 6e30nACHOCMb, YNpasieHue 20pHOO0ObI8AIOUUMU
KOMRAHUAMU, MOHUMOPUH2 20PHBIX PAOOM.

Introduction The effective

Digital technology is improving
daily and is actively integrating into all
economic sectors. Today’s economic
environment makes digitization a
crucial link in the technological
progress and development of mining
companies and society. The digital
transformation vector has become
a hallmark of anchor companies.
More flexible production processes,
higher productivity and growth of
new business models have been
made possible mainly through
digital solutions. Automated mining
management systems are being
implemented to reduce costs, improve
the safety of mining operations and
sustainable development.

functioning of
companies in a market environment
is only possible with the
comprehensive digitization of basic
and auxiliary operations. Meeting
these requirements helps improve the
efficiency of subsoil use and avoids
uncontrollable lost production [1, 2].
Materials and Methods
Implementing of intelligent systems
significantly cuts the time required to
perform production activities, reduces
costs and, consequently, lowers the
prime cost of mining operations.
Special intelligent software
helps automate most processes of
engineering assistance for mining
operations at the enterprises. A single
information space and the multiuser
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mode simplify and accelerate the
information processing, increase
the calculation accuracy, help
consider several scenarios of mining
operations within a specified time
interval and optimize the workflow
using the criteria and limitations
of the company [2].

The K-mine professional software
is used for all mining stages in both
opencast and underground mining of
mineral deposits. It is based on an
integrated approach to automation,
combining core and auxiliary
processes into a single information
manufacturing chain. Software has
a complex structure and focuses
on using its graphical core, a single
database and a set of unique software
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solutions for
tasks' (Figure 1) [2, 3].

Let’s define a range of software
solutions to fully meet the company’s

solving production

requirements, considering mining-
geological and  mining-technical
conditions. Note that the geological
and surveying software solutions are
versatile and used for both opencast
and underground mining.

The construction of deposit
digital twins is essential for the
digital transformation of solid
mineral extraction. It helps visually
reflect the deposit characteristics
at any mining stage.

Software solution for geological
modeling includes the complete cycle
of tasks from developing a database
structure for storing sampling and
geophysical survey data to creating

geological and economic block
models of deposits for reserve
estimation, scheduling tasks, etc.

Using calculations performed in this
module, you can set local trends and
patterns, and calculate the project
economics. Generating reports
showing the exploration results on
mineral resource and reserve estimates
are conducted in accordance with
the requirements of the CRIRSCO
International Reporting Template
(JORC, NI 43-101, PERC, SME
codes) based on various classification
systems, including the United Nations
Framework Classification (UNFC) and
the National Classification System'- 2.

In addition, the geological complex
covers implicit modeling, a fast,
automated method of constructing

wireframe models directly from
the database. It involves creating
triangulation surfaces wusing the

radial basis function (RBF). The
main advantage of implicit modeling
is speed. It allows you to perform
hundreds of constructions, changing
some modeling parameters of the same
data set. It also provides an opportunity
to use other data sources in the geologic
modeling process in addition to
exploration drillholes. These data sets
may include geophysical data, spectral
analysis results, mine scan data, etc.

The system automates office studies
of surveys, geometric construction
of mine workings from the survey
and mining-geometric calculations,
estimation of excavation volumes,
current tasks of the Surveying
Service, etc. This software solution
supports all formats of measurement
tools and drones. The documentation
generated using this module meets
all the requirements of the surveyor’s
instructions and technical inspection
authorities [3, 4].

Software  helps  automatically
construct combined geological-and-
surveying sections containing simul-
taneously  geological information
integrated with the current and design
mining positions (Figure 2).

The company has developed the
Drill and Blast module for companies
using blast energy in their operations.
Based on the up-to-date model of actual
mining position, it is possible to solve
the following tasks: drillhole location
design within the block boundary,
identifying drillhole diameters,
choosing explosive types considering
rock strength parameters and categories,
selecting charge designs, calculation
of switching systems, data exchange
with adjacent systems, etc. Projects
for drilling and blasting of individual
blocks are a data source for preparing
and reporting on a mass blast.

It is possible to solve the task
of determining and controlling the
grain size of blasted rocks using the
corresponding software solution. It
allows you to control the quality of
rock mass preparation using blasts.
Based on the calculated data, it is
possible to timely adjust the parameters
of blasting patterns (drilling grids and
charge designs) to prepare mining
blocks in the specified area of the
open-pit field. It helps obtain essential
economic benefits! [5].

The latest mining and geological

models represent the information
background for the design and
multivariant  scheduling for the

development of mining operations.

Using software for scheduling and
design provides mining engineers with
the basic tools to create cost- and time-
optimized geologic models of solid
minerals and determine the optimal
sequence of deposit mining (Figure 3).

The design software solution
includes a set of tools for designing all
mining structures: open pits, dumps,
haul roads and railways.

The mining scheduling is attached
to time intervals. It helps combine
mine planning with its economic
component and find optimal mining
programs in terms of implementation
and cost. The software solution for
determining the optimal boundary

Automated Control System for Mining Operations
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Figure 1. Automated mining control system.
Cyper 1. IIajinanbl Kaz0agapabl eHAIPYIi 0acKapyabIH
aBTOMATTAHABIPBLIFaH JKYleci.
Puc. 1. ABTOMaTH3HPOBAHHAS CHCTEMA YIPABJEHUS T00bIYeil M0JIe3HbIX
HCKONAEMBbIX.

'The use of the K-MINE geoinformation system in various fields of activity: A collection of reports of the III International Scientific and Practical Seminar
«SVIT GIS-2016». — Krivoy Rog: FL-P Chernyavsky D.A., 2016. — 280 p. (in Russian)
’Rudko G.I., Nazarenko M.V., Khomenko S.A., Netskiy O.V., Fedorova I.A. Geoinformation technologies in subsurface management (by the example of
K-mine geoinformation system)]. — Kyiv: Akadempres, 2011. — 336 p. (in Russian)
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of the open pit allows you to Modules for determining the pit In addition, these modules
determine the optimal pit boundary wall stability and monitoring mining help regulate compliance with
of mining and substantiate the most operations help estimate pit wall technological norms and standards in
viable option of deposit mining. slope angles and dump lifts. opencast mining and automatically

(I EERLED
- ¢

axewnen

RS RN S ERRLRE NI OE

‘Premrer=

TR IFenEIResRL
N e e e ]

4
Srearmury

e o
e e e e e e
MmO AT A L m A d Lo T
a0
~e

(EOuaYrerus
& ‘aExEeUp

EE)

g

Figure 2. Examples of construction geological and surveying models.
Cypert 2. I'e0/10THSIIIBIK JK9HE reo/Ie3usiJIbIK MoAeabepAi Kypy MbIcajiiaphbl.
Puc. 2. IlpuMepsl NOCTPOEHHUS Fe0IOTHYECKUX U reoe3n4ecKUX MoJeIeid.

Figure 3. Examples of scheduling and designing opencast mining activities.
Cyper 3. AlIbIK naiigaabl Ka3daaapabl OHAIPY KOHIHAETT :KYMBICTaAPABI sKOCHapJiay KIHe Ko0ajay MbIcaIaphbl.
Puc. 3. IlpuMeps! NJIAHUPOBAHUS U NPOEKTHPOBAHUS PAGOT MO0 OTKPBITOH 100bIYe MOJTe3HBIX HCKOMAEMbIX.
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Figure 4. Examples of mine design, ventilation and dispatching.
Cyper 4. lllaxTanapasl :k00aJ1ay, skeJJeTy KoHe AucneTdepaey MbIcaJaphbl.
Puc. 4. IlpuMepsl NPOeKTHPOBAHMUSA MIAXT, BEHTHISIHU U JUCIIETYEPU3ALMH.

analyse the parameters of mining
elements [5, 6].

The dispatching software solution
makes it possible to control all cargo
traffic processes, including minerals
and overburden removal in real-
time in an open pit 3D model. This
software solution provides monitoring
of mining and transportation targets,
allows quickly correct deviations and
evaluates the qualitative indicators
of burden material per working shift
within the planned period.

Companies involved in underground
mining use the  functionality
below. K-mine has a great tool for
underground design, allowing you
to solve mine design tasks in the
development of a new deposit and at
any stage of operation in the mine.
This software solution helps automate
basic production design processes:
tunnelling of capital mine workings,
development and face-entry drivages,
second working, as well as drilling and
blasting operations (Figure 4) [2, 5, 7].

The mine dispatching complex
helps monitor the location of personnel

and equipment in underground mines
online, and provides voice and signal
communication of mine workers with
the surface. Perfect work coordination
of personnel and machinery guarantees
maximum efficiency and no equipment
downtime.

The mine ventilation software
system is used to solve the following
tasks: design of ventilation schemes
and networks, calculation of ventilation
modes and fan unit operating modes,
preparation and implementation of
emergency response plans, etc.

Software has a user-friendly
solution for planning infrastructure
development, capable of creating
interactive electronic maps and
databases. Companies can efficiently
manage production infrastructure
through  up-to-date  information
about the current state of production
facilities at the industrial site. It is
possible to monitor the operating
history of infrastructure facilities,
conduct technical audits, inventories,
certification and accounting of
production infrastructure facilities,

plan the development of company
infrastructure, repairs and upgrades,
create schedules for preventive
maintenance of communications and
facilities, etc.

A complex for chief executives
helps top managers take reasonable
and optimal managerial decisions
on mining operations. A wide range
of tools characterizes this software
solution for quick measurements
and calculations, obtaining real-
time information about the state of
the actual and design situation in
mining process' [5, 7].

Using the software solutions, it
is possible to create digital copies
of mining companies and calculate
scenarios for developing open pits/
mines [7]. In addition, it is possible
to generate the results as reports for

further best managerial decisions
based on the data obtained’.
Conclusions
The data bank and digital

deposit models created can be used
to solve the problems of differently
oriented companies with both

SKaputin Y. E. “Veroyatnostnoe strategicheskoe planirovanie razvitiya kar'erov” [Probabilistic strategic planning for career development].—SP:

Nedra, 2019, p. 31. (in Russian)
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opencast and underground mining
methods. The software can be used
at different stages of the company’s
lifecycle, as well as for monitoring
and scientific support of subsoil
use. Ready-to-use and time-tested

software solutions are proven by
long-term experience of companies
in CIS, Europe and Central Asia.
As a result, the digitization of
mining assets with K-mine serves
as a development multiplicator. It

eventually provides the maximum
benefits for mining company
management through a substantial
increase in mining output, cost
reduction, increased efficiency and
safety benefits of mining.
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