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ABSTRACT

In this study, we proposed a diagnostics and assessment model for mining sites that can evaluate
the smart mining technology level in a systematic and structured way. For this, the maturity of
the smart mining was defined, and detailed assessment items of the diagnostics and assessment
model for smart mining were derived by considering the smart factory diagnostics and assess-
ment model (KS X 9001-3) used in the manufacturing industry. While maintaining the existing
system, the existing 46 detailed assessment items were modified to be suitable for mining. As a
result, a total of 29 detailed assessment items were derived in the areas of promotion strategy,
process, information system and automation, and performance. Based on this, a questionnaire
was designed to diagnose the level of smart mining technology, and assessment was performed
by applying it to domestic iron mines. The level of smart mining technology in the study area was
found to be level 2, and it could be inferred that it was about 40% lower than the average smart
level of the general manufacturing industry. In addition, by using the developed model, it was
possible to recognize the weak points of the mine at each stage of the introduction, operation,
and advancement of smart mining, and to suggest investment and improvement directions.
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20163 AAPEAIEE oA 4xpitd g o] 302 AFE|JLoH, o] A MAIARI 3FF7t E[HA ARPE FAolgh= =2
Az sjejetelo] A=At AAfjell= AxGellA Aweh 1= A4 9 el 1H] 7t 12 Q4 tefsl -5 Akelet BAIA
HAIE =ES7] Q19 tiRte = A AntE Fdo] et Philo] ARl Ith(Kim et al., 2019). 2RHE 3742] g2 SHA]|, AHdA
SolA TteFsiAl efetal qlrt. 5ollA ARtEA| R AISHTof| = ARE 32 AlEe] 7195 wufzi] BE AL
o] ICT(information and communication technology) & A&6o] X|4H][-83} A|7F0 2 1170 Uk A &-0] AARS: Z|3Fol= AL
o e A A5 se et Fofsial Qlet. AA|E A|lFAN] Fol = AA, 10T 5 HREICTE H=sle] Alxsd =

8

A AR weh 9 AR AL el 9 A 5o B HE Bl JHlE FakEo 2 Al o] A st
TKSo and Shin, 2017, Cho, 2021).

ICT 7]9Ee] AtE 7o) Alzitedel] ok ulx|A =A] AntE g7gof theh i 2 150 tieh F-a/do] xrar qlrk
(Woo et al., 2018). 53], 542 HERS| v, A+, = 5 Z=olk= ol21et Sgel 55 ZAte] == 13 /\133’5}1 7
TAESO 2 WEY] 9t 1S 5kl Qltk(Park et al., 2017). ISP Al Zet T 7] ARE AA|Q] R4AE-S G851
T = B2 A S 430l Qlom, A7 e B HIEoto] A B8} 71l 8ok el e, ?l‘iliu}‘zlﬂ
AR S Tl et 55 2Hs] Fagstal Qlth(Lee et al., 2019). 53], =7 P lair ke AREA|ZF IR A4 25
St 2o Zdshy B0t 53 B SRS Rlohal Qlrt. 1Y, =7 F AFHe] AntE 4 i A ARIA ke 919
=71EZHKS, Korean Industrial Standards) 7HEFS- 2] Q513 910™, 2016 6L #-2-0 8 AntE FAtof| theh =7 FEso] Al
=]tk Korean Agency for Technology and Standards, 2016a, 2016b, 2016c).

T Bopol| M AFERIE]Yl(10T, internet of things), Elt|o]E], $7EA 5 AT ICTE A7 @A st 9lom, A
OLE o]y 7] ol-§sto] Akl ] a-8/dS SHIAZI7] 1§ le=lo] A AlAIA o2 Yehal Qltk(Park and Jung, 2020).
AAPEAIZE ] 2017 334F ok B Aol A= AREE 7] T qlofl whe} 2016135 2025 A7FA] oF 383 % o]l ot A4
7127} AEE Aol2t Aot Narendran and Weinelt, 2019, Jang, 2019).
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2. ADIE 2% 20} BY

A0tE 22 A7) REle 7|zl o] AntEs) 228 Ak o g Acksly Wrlel 2 Qe TR A 20161 AR 3719]
=7HEE S ABFHKS X 9001-3, FHAARY R 7 ) of| 4] T 8ol thEZ] L St KS X 9001-3-2 ARFE 34
ST A| A= tieh QAR el el sl ik

21 ANE Y HsE

AALE o LGN AR 7 Ak AnfE A a2 UeR 4= glow, gl ARIS] ARtES) 4xro wlEt
A4, BUE, Ao, 2 4s], h&-2go) stz 5] Aol 4= Itk(Table 1). Eﬂ 1l 12 27 (checking) TAIE A 2=
W T2 A oA AT S QAT 2R Al AR AAE]R] b2 AFERE ofnleith. #4 24= U E]=)(monitoring) T
A= 7R A o BUER A4l AZste] dlolels dAER] E]1, F23t 4= ghs HAE oJulgith & 3-2 o]
(control) THA| 2 o] =] 7kx] Axje] gt H-E o §ato] AL o GRE EAeH 7|5 /st = Alofat 4= Q)

el 4= 222K optimization) THAIR /3, 5191 AH] T= 4] 71 Ui 3 Q7 AIAEl) TH IO E-S Fol AR A 22ek
ol R/ F3E1 F3HQ1 Alol7t 7Hs 3t RS ofnfsith M 5= 2h&-2(autonomy) TAIZ gt 4= 9lom, 27t
ekt S} 0] QA5 2R A7 7Fs e & omeith

Table 1. Definition and characteristics of each level of smart factory

Level Definition Characteristics
1 Checking Detect status (no linkage with external systems)
2 Monitoring Present the detection result as data to the external monitoring system
3 Control Analyze the information on the detection result for abnormalities and control the function to a normal state
4 Optimization ¥nforma.tion integration.a.n'd comprehe?nsive control from tf.1e point of view of overall system optimization through
interfacing between facilities and equipment and between internal and external systems
5 Autonomy Artificial intelligence and autonomous control of self-diagnosis and self-repair

2HLE -GN AR = Fig, 137 o] vl Bl e, 533 9 4wt 719, A2, 714 2 Alelo] s/ A-e=
T 7197892 519l G ol ZeAl TR AIAE] 9 AR sot P o] 4 4-E0] sEelEict Al R o] - a4
= AR, A, S, S, A, ER-2go] AetEH, AlLE H Ak set tH o A QA s HAIAH e
T} AAu|RbES} o] TETE HRAAH] 0] A AFTHT7 | H=)(PLM, product lifecycle management), AAFARI=]
(ERP, enterprise resource planning), 55 92|(SCM, supply chain management), Xili/éﬁgﬂli@(MES, manufacturing exe-
cution system), 5" T2IAARYFEMS, factory energy management system), HSt-5-0] 4B 53 wgolyl ok AntE
-G AR | HESHA 2857 Sloikl=-s ot R AA|, AAR RUEE, 74, oldThke, Aset R ol | x| v, 7|t
2l 22 27 lso] HastH, AloH =] AI2RN(CPS, cyber physical systems), 22H-=, 3D LAY, HlHo[E], ouz[#717]
&, 22T, AUEAIA, [oTeH 2 7|5 7]&0] a2 8o] Hasieh
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Vision & Strategy [ - Securing manufacturing competitiveness and market leadership B 1
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Fig. 1. The operating system framework of a smart factory (modified from Korean Agency for Technology and Standards, 2016¢)
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Table 2. Iltems of smart factory diagnostics and assessment model (Korean Agency for Technology and Standards, 2016¢)

. Number of
Assessment module Major assessment contents .
assessment 1tems
1. Leadership and strategy ~ Leadership, operational strategy, organization and competency management 4
2. Product development Standard procedures, design and verification, product information management 5
3. Product planning Standard information, sales management, mid/long-term/short-term production plan 4
4. Process management Work planning, progress management, visual management (VM) 3
5. Quality management Quality information, quality and inspection management, quality improvement 4
. Facility operation, facility maintenance, material management, OEE management, ener
6. Facility management . 1y op v g g & 4
efficiency
.. . Inventory management, ordering and delivery management, warehouse management, dispatch
7. Logistics operation v g. . & Y & & P 3
management, logistics flow
. Standard information, planning and performance management, ERP, MES, PLM, APS, CPS,
8. Information system . [§
SCM, security
9. Facility automation Production automation, logistics automation, inspection automation, network, energy
10. Performance Productivity, quality, cost, delivery time, safety, environment 6
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o] SR = GAlo|H, BE Z2A| AT} A HAARI AAE] o] Ty, HEAIAR] 9 BE 7152 Fdote] 2 dsk,
MU YIEL7] o] F55 0] K= /o] AlojE Absake 4= Qlrt. TR, 23 d o] tisliile 712191 et el Z4 o] o]
of7let. 2l 4= 2|28} 9 Fot A= A ofet 4 Qlal ARTE nfolid S:71 ek 2l Alg], mEA|A Fo] tisl F714, AARC
= Wtk 7N idok= S0, HAIAR O] 749 A 71s2 Ao i o & e 4= Qlrk. TR, AH|(HE)E AR
A 2 Fedote] TEsha, AEE Aestal 7l sk ] 915k 2telo] ol fofzint. 2l 5= 5 W ARe TAl= ARfE wlolid o] 5
AHeF g AlE], TRAA FFo] A il e DA JE|o]H, 10T, IoS (internet of services) 7[HTE] Afo]H] 52| A|AHlo]
2 gxo] FHAAR 0] kg2 0 2 2|29] 2GS T 4= S TAlelH. AR|(FH) & AAREe 2 HUEFH e o] 7H5s
e o' 20| 7HsRM AEE SRttt
The maturity of smart mining (Level 0 to 5) Level 5

Level 4 ‘
Level 3 ‘ Autonomy
Optimization = Attificial intelligence
Level 2 ‘ and autonomous control
Control = Information integration by self-diagnosis and
Level 1 ‘ and comprehensive self-repair
L 10 Measurement = Analysis of C()_l;tro] ir_orr_‘l at_system-
eve Py abnormalities in wide optimization
Identification and monioring detection results perspective
and inspection = Detection result - Comrolwith normal
No display using an function
digitalization * Simple detection of external monitoring
status without system
= No strategy for smart connection with
mining external systems

= No application of ‘ ‘
technology to collect
information

Score* 0~550 551~650 | 651~750 | 751~850 | 851~950 | 951~ 1,000

* Score on smart mining technology level diagnostics and assessment model

Fig. 2. Levels of the maturity of smart mining
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& GoliE Bkl AntESt g Ak 0 2 A Bl grish] ofsf AntE 3 AThgr iR o] WknES HEY o
& 2AtE atold 7le o Ak et BrIES EESIOE AlEU2 dAIRE Q1=ou AH) RIS ol 85t 7SS A
FE HF AT H AT A o2 AN, A4, S, SR, v, 2R 5 TR ZRAIAE 714 SR
Ao AT, wEbA Alzie] AntEst e ATkl Brtehe Y da2 AlEe Ao fdh ZeA|IAE XS]]
ZJEAAE Bl ApES], F07dEr gl Aol dis g =] it tiza] o & g9t Aot E2 AWl FEshe Fee Ak, A
3, AlFshz Atdel7] wige]l AntE 2] A7 ds sgato] = 285170 2dshx] k2 d=ao] At

£ A= St AT B arefste] iAol AntEst aEg Bl |of sl et =S EESith
2ntE ntoly 7le 4 g7 R A2 Av-SAsH| U5, e, FHEAIAE 2 g}, AJve] 4
NHESH e WIS o QS e VST AntE S AT iR TP 2 Aol TeAl g

7tEtEo] 5] HiAlE Zlofct. Tl A Rigol A Feioll 2detx] e 7m0l A= It Table 32 A0tE vlol 7|5
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FEUDY} R BN eI, 7 R O/l 2120719 87 .2 751 sick Aok shold 1
S AR R W % 1,000% THES 710 2 S, AntE no]id - oiphel AL ARl Apshe Fa o] nfet g
58] oplSich T80 Aol ol Y 2 % S AL, eI AN Sl A 5 M 150
)2 Bofsl e om, WA AT TRASO) FREA H A e 4 W A REE 7} 12070 2 i e ujEe

ofeldrt. 22192 Wl a2 717807, 90749] v S

Table 3. Items of smart mining technology level diagnostics and assessment model

. Assessment . . .
Categories Detailed assessment items Details of the assessment Score
modules
Possess and improve understanding, vision, support and drive,
Leadership communication skills, and leadership capabilities for the 20
implementation of smart mining
. i Strategies and action plans Establish and implement smart mining promotion strategies and 20
Promot.wn Leadership and g b detailed action plans according to the systematic process
strategies strategy e A
Organization and competency Define the organizational system, competency and competency to 20
management build a smart mining, and provide appropriate learning and training
Key performance indicator =~ Manage key performance indicators to measure the overall 20
(KPI) management performance of mines
Mid/long-term Establishment of mid/long-term internal production resource 40
Production production plan utilization plan in consideration of demand and order fluctuations
planning . Establishment of short-term production plans based on scheduled and
Short-term production plan . . P P 40
confirmed information of customer orders
Establishment of Establish a work plan according to the production plan and instruct 40
work plan and instruction ~ work
Process Production progress . .
Progr Manage progress from order receipt to delivery 40
management management
Abnormal occurrence response Development of management standards and response procedures for 40
management process abnormalities
Quality (dignity) standards and Prepare and apply quality standard management system and 30
document management management standards
. . Establishment of a system to monitor ore production and processin;
Quality Inspection data management ¥ P P & 30
processes
Process management
Inspection o . . .
. P Manage the performance, reliability, and history of inspection
equipment/measurement . .. L . 30
. equipment and measuring instruments (monitoring equipment)
equipment management
. . Diagnose the operating status of facilities (crusher, conveyors, fans,
Facility operation management en p € oo ( 4 45
etc.) and establish a regular monitoring system
Facili Facility maintenance . . . . .
v v Manage history related to facility efficiency, failures and repairs 45
management management
Maintenance material Systematically manage the management status of equipment 30
management maintenance materials (spare parts)
Establish procedures and operating standards for warehouse (silos,
o Material (stock) management storage yard) and inventory warehousing, and effectively operate 30
Logistics
3 storage methods
operation T . . . . . .
Shipping and delivery Build a system that manages inventory information according to 30

management

product shipment and tracks delivery status in real time

TUNNEL & UNDERGROUND SPACE Vol. 32, No. 1, 2022
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Table 3. Items of smart mining technology level diagnostics and assessment model (continued)

. Assessment . . .
Categories Detailed assessment items Details of the assessment Score
modules
. . Establishment and utilization of ERP system with functions such as
Enterprise resource planning . . . .
(ERP) business management, production planning and management, material 60
management, shipment and delivery management, etc.
Establishment and utilization of integrated energy management system
. Factory energy management
Information system (FEMS) such as energy use and flow data, usage status, and demand and supply 60
system ¥ optimization
Establishment and utilization of basic functions in the security
i . management area such as the securi licy operating system, securi
Information security management g . ty.po Y p g8y . ty 60
systems and functions for each equipment and device, and integrated security
automation management
. . . Promoting automation of production facilities such as unit, unit
Production equipment (vehicles) . ... 8 . p . 60
facility, and process unit automation
.- . . Establishment of facility information network for sharing production
Facility Equipment (vehicles) . . v s . ep .
: . . information through network between facilities and information 60
automation information network s
system and between facilities
Energy/Safety/ Promote facility (equipment) and worker safety, environment, and 60
Environment management  energy management
L. Select and manage indicators such as labor productivity, facili
Productivity (P) . & .. . P v v 15
(equipment) productivity, and production speed
. Select and manage indicators that can confirm the quali ade
Quality (Q) g quality (grade) 15
performance of products (ores)
Select and manage indicators that can confirm the level of cost
Cost (C) >e & 15
indicators of products (ores)
Performance ~ Performance Sal P o oators o ook the deli " :
. elect and manage indicators to check the delivery performance o
Delivery (D) & very p 15
manufactured products (ores)
Select and manage indicators that can check the safety level of mines
Safety (S) ge e ) v 15
(number of safety accidents, accident rate, etc.)
. Evaluate and manage the level of the mine's environmental indicators
Environment (E) 15

(air and water pollution, waste disposal)

3.3 A0IE 00| 7|& & TG/ 24| 24|

2 ol 7] 4 AT} 41| 0] 97} o S0z, madls, AT A5 ek ek FAlo] low, A
5o i 207 B0 2 T slo] QIckFig. 3). ARAIS AT @ TheIRE-2 AL il of s} 52 2l glo] 21
SH== Ao iet. AP 1S e 2H B 6709) A (Level 0-5) 0.2 T4 slo] Lom, J4te] Ankest 4] nfe}-g

T 4 oIk 22 ool ka7l 2 BES Aol AR Ao ol 2 1 4 s Fsin
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Fig. 3. Sheets of a questionnaire for level diagnosis and assessment of smart mining
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Fig. 3. Sheets of a questionnaire for level diagnosis and assessment of smart mining (continued)
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Table 4. Technology level of assessment module according to questionnaire response results

Level 0 1 2 3 4 5
Scope of
questionnaire less than 0.5 05~1.5 1.5~25 25~35 3.5~45 4.5 or more

response results
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Table 5. Score weight of response results for each detailed assessment item

Level 0 1 2
Weight 0.5 0.6 0.7

0.8 0.9 1.0

Table 6. Smart mining technology level according to the overall score of the proposed model

Level 0 1 2 3 4 5

less than 550 550 ~ 650 650 ~ 750 750 ~ 850

Scope of the overall

850 ~ 950 950 or more
score
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Table 7. Items of smart mining technology level diagnostics and assessment model

Average of Technology  Score for each
Response  response . Total score by
. Assessment . . level by detailed
Categories Detailed assessment items result  results for each assessment
modules assessment assessment
(level)  assessment module (level)  items (score) module (score)
module (level)
Leadership 2 14
. Leadership Strategies and action plans 3 16
Promotion and R 23 5 58
strategies - Organization and competency management 2 A 1 4 77777777777777777777
strategy Key performance indicator (KPI) ) 14
management
Production Mid/long-term production plan 3 30 3 o
planning Short-term production plan 3 ' 3
Establishment of work plan and instruction 3 32
Process s
Production progress management 3 2.7 3 32 92
IMNANAGEINIETIE vt b s e,
Abnormal occurrence response management 2 28
Quality (grade) standards and document ) ’1
management
li .
Process Quality Inspection data management 2 2.0 2 63
management
Inspection equipment/measurement ) ’1
equipment management
Facility operation management 2 31.5
Facility o T
Facility maintenance management 0 1.3 1 22.5 75
IMANAZEIMIETIE i e
Maintenance material management 2 21
Logistics Material (stock) management 4 35 s 27 51
operation Shipping and delivery management 3 ' 24
Enterprise resource planning (ERP) 1 36
Information 7
Information system Factory energy management system (FEMS) 1 1.0 P 36 77777777777777777777 108
systems security management 1 36
and B Production equipment (vehicles) 1 36
automation Facﬂlt'y Equipment (vehicles) information network 2 1.7 2 42 120
V117001171910 s ————————
Energy/Safety/Environment management 2 42
Productivity (P) 3 12
Quality (Q) 3 12
Cost (C) 3
Performance Performance - 3.0 3 72
Delivery (D) 3
Safety (S) 3
Environment (E) 3
Total score 703
Smart mining technology level Level 2
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Results of smart mining technology level diagnostics and assessment

Smart mining technology level
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Fig. 4. Results of smart mining technology level diagnostics and assessment
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