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§ 2 @A L ol§ste] 4 (3} go] AHT F AUk

TCT=STL+ LT+ TL+STD+ DT+ TE+ AD (1

o714 TCT+ E# £3A7HAol ZEHY), STL(spotting time at the loader)2 A AFH| 22 E

HIAZHS YER AL, LT(oading time)= A #7410 e] #J A1, TL(travel time of loaded truck)< %



(A Z})O] g do g o] Fsl= AlZF, STD(spotting time at the crusher)= 33 7] (334

2] HZAZH DT(dumping time)= E &9 T3 24 A17F TE(travel time of empty
truck)+= & 2H7F @XH;S*—O—E A o] g3k AR, ADx A Aoy st el Ego] tirjgide &
7F 71tk oF dk= AlXH(average delay time)S oWttt 19 38 AAl FAF EREAAE A EY £5
AlZE o] Zell whel APy = EYy 2He A4 RS Bolsu EY £33 ol A S
Z4zke] AIZF 1S9 P9 E w(min) B ZE(sec)E AHEFTH

r
Im _1“1

TAZHSTL) = AAEH o 2GAZAT) 2
DTl E5ka] A arefstd 2 (2)9F

TCT=LT+ TL+ DT+ TE+ AD (2)

(2) B ¢WA2Y A2 R BA A9 B8

are] QA Sl e SwAsge] A ¢ el wet A debd 4 gk [2-4] whekA
FF SwAsRe FASE e olg B Fusen A e wFFUAE AN
glol W= AP AT & ol Ade A FHEEA2E AAE Aol M Fasteh [748]
o M B ewAsge] 29 Aueod BE FLYSAL(ED AolFEhel, B4 AN,
A ol §8, AQALF 5T dFan Ave e nnE Ba Lwragel Fgu: gusel FF,
S, oAb 5 HA5E Wast g

B SWA 2 65 Bal AAe] A9 FHo] AAHAHSGE A4l $Fol glo} AYu o]
of MUEAE FAT Wast vk B guAsde A, 4dd, 49 BPol FEAES oy
4ol AAH7] Qo] Azde BUHYS Ba e 1Y, SVEZ o ol o BAS AW
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stol oA AulE T3 HAe A e AA wet Axded $EE ¢ A=F doF I



i A ARl = 4ardE W Ade gA" dgke] tigste] AutE wholy jEo
U AutE vieoly Y)Eold Bkl ARM(AE, AR, 874), #A(ZEAR), AR (AR S AT AR
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2. 7|€dT &4
(1) 34 A2F 45

HAed s F8ete] ANES S5 AF7h v AT A Fakel | B vEA
Al=fle Abgste] A& gl 54 dolHE Abgste]l BE & Almdle] 4 Al B sy 282
o Z3ot= DNN 2dg /st A7 =534 [9]

A :

Baek and Choi [9]i= #&Ade] 7% 5 & @AM AHgd 5 = waled 71Ee] A
DNN E2g o] gsto] Aahgit B2 $nb Alx~gle] FA gakgst 7] o] &858 2t

A2 e AASEITE ICT 71wk 3t shdwej A ~gle] Al A 34 A8 by d7Ader
, EY @b Alzgle] 548 wigstel DNN Rde] /8 =8 A/sAvh 20189 109
& 22 dFelA SR el g Aeste] DNN Zde) s dole g 90727 AAsAx, o F

75%+ & ¥ (training), 25%+ 7% (validation) HlolE & &8ttt Ao DNN &5 EdS HAE7
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A8l DNN Z'e] 2493 Jhaet 24939 = s v dAsdA $d/45 volgdd &3
a4 Aot Hit Addl MES LAHMAPE)E A48t 2 A3 #4 ANF g55 A HA

DNN 2d FxE= ou= 57 oy= wu Ji¢ 4J0E AAEA D, oju AZ dolge &3 A4 A
T 9F 099, MAPE= °f 280%= uYEtwth 347] o] &F& o5& 913 H% DNN 24 7x= 24
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o]
Input layer (1)
o~
d @ Hidden layers (1)
4 N\
e |9 (@ @@
haulage
operation @ @ @ @
conditions . Output layer (1)
i Ore production
@ @ @ during the morning or afternoon
Truck @ : : : haulage operation time
haulage ) : - )
opersion || €9 @ @
time N\ J
N—
(29 6] 24d/25 &Rbag] 73 &<k A S o Fehr] fla] Alkd DNN 2o -3 [10]



Fke] 94 by gEE EAE s dsky] flal oAb AlEdEl el S Rist7h Algo® FEE o
2, B ATAE] o A AlEY ol tig AFE ST 2ol A SE A~

At o]akAbA Al E o] A (Discrete Event
Simulation, DES) 71 E9°] 7lds 3 ) [12-31]. Ozdemir and Kumral [13]2 =3 FAke] F]5 =
Eg o o] FAbE HAastsly] fl&) Algdeld 7WME E8stdlon, ok HAs e ol &3 A
Az EE wix} WS A¢kel9th. Salama and Greberg [14]+= A 3F33Ake] 2-ubzk¢]
9] #=2 AA&sl7] 93 LHD (loading-haulage-dumping machines)®} Eglo g FAEHE= #A-3k
AN2dg ANEGoldE 338ttt Torkamani and Askari-Nasab [19]& »=33341e] Eg-aw 24 3
O3RN sEe AFS BAE] fa oAb AlEHEeld RES sEeEdth. Choi [211=
GPSS/H Al E# ool dolE o] gale] wmFgate]l awl-E2 WAl 2~dgS BALe 4 9l ozt AA
138k th Choi and Nieto [4]+= ©]& 338t E

& 1 AR5 we &nt AREL o)ih AR AEdolAdE AT

Dispatcher
(Fixed dispatch)

Travel Travel Count oncoming trucks,
(TE, crusher — opening) (TE, opening — junction) add delay time (AD)

\ | |
v v v

Travel Count oncoming trucks, Travel Count oncoming trucks, Travel Count oncoming trucks,
(TE, junction - loading point) add delay time (AD) (TE, junction - loading point)| add delay time (AD) (TE, junction - loading point) add delay time (AD)

Waiting in the queue Is loader -ﬂ!l Waiting in the queue Waiting in the queue
(AD) available? (AD) (AD)
YES

Spotting (STL)
Loading (LT)
Travel
(TL, loading point - junction)|

Waiting in
the queue (AD)

NO
Is crusher
available?

Is
spotting available
umping area)?-

Is loader
available?

Is loader
available?

YES

Spotting (STL)
Loading (LT)
Travel
(TL, loading point - junction)|
I

Travel
(TL, junction - opening)

Spotting (STL)

Loading point

Loading point
(590ML)

Loading point
(540ML)

(470ML)

Loading (LT)

(TL, loading point - junction)|

Travel Crusher

(TL, opening - truck scale)

Measure
the weight of ore (AD)

L

Spotting (STD) H Dumping (DT)

Is
simulation
ime over? NO

YES

Travel
(TL, truck scale - crusher)

Dumping available

Spotting (STD) H Dumping (DT) %

Open storage yard

[28 7] Ed]—=2t WAIAES Algdoldstr] 93 daels [26]



g doly o]&sto] Aatgqte] Rt E FHE #Asta ekt Wodecki et
al [34]> F2bdn]o] 2E dengE o] &35te] 7| A 1% oWl E(failure event)e] T8 UAS 2
F A ZYUHY A2"S Aeskith. Carvalho et al. [35]8 =20 d3ly 7vetE ZAgsto] HE
Aulolole] ToF T4 24 T U EYe nAS ATs AET F e A2"ES EEdn
(4 8).

ol Ak LA 2E I A4S EUEH s g wa A4de gAY E s3] 98 v
A8 78S s &838F3 ¢tk Paduraru and Dimitrakopoulos [36]% Wlo]E 714k oA} AA =2
Mol AR ZAAHGA 733 (policy gradient reinforcement learning)S &-83te] )2 44t
G o] A 552 #HA sk Ristovski et al[29]2 A= 2ol AHEH = XLHH g5 717kl g g
BEFELE JdFsl7] 3 HAHY S 83190 Zhang et al. [37]5 ©3FolA A g ol 2Auwo]o] g
2ge Adsta R s wAdEd 7led AEE ¥ #ASVM)E AT D'Angelo et al.
[38]= ®HelWd oHdAE 7|wke] AAZARDS o] &ate] WE ZAuo]o] Z&o H3S HAAFoR
Aetets= WS Ateradtt ol A7l Fak LA =" 3 ] g Al die] Ry gt g dS
flal gt ArAbse] HAYY VWS 28 Advh 2y AS7kA WAled 7IHe &8sk
FAkel WAl AdlE RUE st AEHE Adets Ao w3k ATt Atele A3 fle Aol

Back-end Platform

% i V. Back-end
) IV. Middleware % Systems

Maintenance System
(CMMS) and remaining
systems and visualization
components

Sensing Platform

AN

N 7

mll. Assess Roller’s g Ill. Roller
1-Data Capture) \J Condition Identification

UAV and thermal Image Processing UAV embedded
camera Algorithms GNSS and DGNSS

Enterprise Service
Bus and Cloud
Gateway

Main
Components

Sensing Platform

Process defects, manage
maintenance execution
and information
visualization

Evaluate the
temperature and
condition of the roller

Connectivity with
Maintenance System
though webservices

Capture thermal
images of the rollers

Precisely identify the
position of the roller

(b)

Middleware Back-end Systems

! ! CMMS
= BN s ow
(SOAP) @@

Maint. Note SAP Plant
Re .
equest Maintenance

(REST) k. (SOAP)
Maint. Note Maint. Note

Requesl Request

Belt Conveyor System

=

Enterprise
Service Bus (ESB)

Other
Systems

’
Azure’s API TIBCO BW : @
I
1

Management ‘'
Visualization and
Other Systems

‘ Cloud Network

E On-Premises IT Corporate Network
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I wee] External Network (WiFi, 4G, etc)
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H(B.0~56m)E ol &3 25~40F HEZEH Axste] 72 ﬁﬂfﬂ A %* Fom ket vk A
A e 87 AT 349 st HS wgeta on, 3the] 2ok 10t E
B4 et gl

o

@ Loading area @ Dumping area

Elevation (masl)
— 00-40m
441 -480m

481-520m
521-360m
561 -600m
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2. dolg 3
(1) dleoly s34
ATFA Gl E ukA2d B3 2 golEE A A8 AR FA A 71719
T2 HZ3 gE=8 PCE ol &3t b #El Al 2~ ¥l (Mine Production Managemnet System,
MPMS)& 7NEatdch v XNARE X33 EF 52~ 235 Fr]4oz Falsts G ot n&
]

AE FTole BFF2 oo 253, Wi-Fi, 734 59 A5 E ol&ste A% doy, EFFx

e
!

(BLE) 7]¥to] H|Z AlFo] FR/HE ol F& olfre vt A vls) &n] deo] w9 27] wjFolth
[39]. & <toll MEd EFF2 v A A AHARE Fd F ¢ A F o, Argar ~
ntEZES] wiE g AR 3 w9 Atk EFF2 U2 AF xR XFoEE 20139 ofFo]
£3} iBeacon® 20154 oA 2 E3F Eddystoneo] Tt

A

=

EFFs HEZE Fr1AoR AEx AR(ID)Y FAl" A5 Al7](received signal strength

indication, RSSI) #<& EFF2 Salgith, ~utEE ARSIV AE EEYd Y YR YstH &

HtEE QoA EFFA HZ] A E FAlste] 89T ABE AR ARE ddstH, 9=
=

Bl A= 7 ARSA FRE AT A HAHG Mu2 ARG ALERY AvEE oz
A~

of

Asto] BREE2 HZ sjuke] Aul2zk ool AA HEHIY 13 (). BEEL WIS FEIHW S8
Mgl A Bl ARl AW AHS9, FH BANG BA, B3, AFAA 5 hFd Au
S Aed o+ Ak (2™ 13(b)).
(a)
A
\
Cloud Server & )
Beacon Manager
_—
| Check point pu— | Track ey
(b)

[29 13] 2752 029 4% A9 Auz 53 (@ FEAE, b) Az 53
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ol Ak, (1) &Rtz e 8 AH, A3
7)) 2 2de dAd SFFA HEe] AsE Efe] gA" #Esl PCR FAI%H. (2) HEEl PCe
A5 7t

L oewAgo] FYHE T £
Aty BEEA vEe A4 L SF9AREL &), ), 2L $WAR e Fa Aol
AT, 1% 155 APl 4AH HEe PCo BRFEa vEe] dAE woEeh 4
P
=

St A, Fo FHE R AAd EFFL A2 fAE vEde 24 EE 9 1639 2

E2EFE MY 2|8 PC

F - -
i . == =
5572 Gemgenme [ Firebase s a7 |2t A .
iy = O;i. 5% AT = gl Ak
<+ SDF}IE 0= 2|of ¥ FE0| & P2Eet0|2 9l }ojofH|0j2 M & MPMS App 72 98 250/
SD| =os oo gz olg *
=0 S % Resource I} 2 ZH4d 31 AG0|E
o HIE HE A MEE = o E“O[E‘I &= ‘?FAE‘D'ﬂ E“Hl‘s_l 25 &+ Database EDEI(EJ EiloIE_h ]
271 6jof] 1H AE e
APP  + MPMS App HAIOHE M 2 + MPMS App 2X[ T2 A& = APP | - MPMS App &X|Itel HE
—~ Download| == Upload =51l
Resource - App 75 8 K& ME ; Resource - App 75 T3 112 HE Resource * App 75 23 Xt& X%
N - B U BN B KT Am— - B9 9 ENE R KB i - 27 9 K e AE
- R HE HE N « FIA HE ME Upload - RN HE HE
A e MY Upload « N Es MY A EE MY
Database + 271 H0[E HE s Database - 271 GlO|5 H% A Database - = Go|E| X%
i Upload ar Download i

[Z9 14] EFF2 HE 3 U585 PCE o &3 Frbstde| Al =6l 25 g

[Z2] 15] 271 dlo|g F
(b) st =5 aa47]

_‘I‘I_



Transport route

Beacons at the loading area
Beacons at the dumping area

—
[N
()
@  Beacons at the entrance

Beacons at the transport route
* Number in circle means beacon ID munber

250 300m

o

(b) SSEMI m @ Beacons at the loading area
@
®

Beacons at the dumping area
Beacons at the entrance

Beacons at the transport route

= Number in circle means beacon D mmmber

[Entrance 1 4550 44500

1571 05MT

(&)
[3¥]

Entrance 2

[Z98 16] A+ A9 AA 3 st A} EF5F2 A AAAH e RF 4= (a) 2D A

(b) 245

am A=

_12_



(2) =34 dele e 4/71/%

MPMSE o]&3te FHE= 271 HolHe fRE 7ITo®2 FEES 788t HolHE AAsts
CSV(comma-separated variables) 3 2S5 7}xth 22 dlolg g dd = HES PC/F EFF 2 H
2ol Neg FAT o, n2e) AAsolgle D Au, FA A7 FF Ju, F4 e ojge] vhe
49e FAYAY Aol MAFHoR APHYL o LAt A4H 4GP Wwol sSdch 19
178 Gxd, EfEE 95 Ao d2rd 27 doly 3dS AA(Excel) AEZEYAE o] &3}
of B8 Aojth & AFelA e NtE RS EYd A AAFS dF5stal ety s 15
T EF F 51732709 =1 dHolHE st

1 | AEEs SERHYYYYMMDD) A ZHhhmmss) HIZID = ]
2 |2r2106113580 20201109 82724 SSM10027 He l2Ar et Essmy
3 24206113580 20201109 82854 SSM10020 FI= 37 2Er2480ML)
4 |Zt2l06113580 20201109 83232 S5M12039 2% 22%
5 | 206113580 20201109 83831 SSM10019 45 373 2T@EsoML)
6 |Z 206113580 20201109 24010 SSM11015 sty 2AH B EE70ML)
7 |Z2l0613580 20201109 84114 SSM10027 Ao 2AH 2HE2(455ML)
8 | 2206113580 20201109 85303 SSM11015 EHolx 2AH EHEETOML)
9 | 2206113580 20201109 85424 SSM10020 B 37 2eLE(480ML)
10 |ZF2l0613580 20201109 85709 SSM12039 23 23%

[ 17] 23R A =gl o) =¥ = 21 dHolE «A

TR B EAe EAHow J5H w1 dolHE olgdte] At £ vk 1¥ 18e w1
HolHE =8¢ &FF2 HZo] AXE A4 Alo]e] EfolgAIZtE Aitsts WS otk WA
HEE PC7F w9 ASE AT writ 7 SHE 722 23 99 27 HolHES oty dlolH
NEZ Ag@ct tdgoR, 2o dolHE v A% ID, GAEE TR nTe AEE 0T &
Aol mhet AR 23H(EEA 2 EF3A ] v 2 IDE TS B old digk EE ol FAIHE ALt
b vhAvto R, BAF AR el g EY o)A SARES ¥ 2YHe SR I
Eol= AR ID(EEA 9 =229 vE IDE F4) ¥ HolHe] &, it EY ol At RFHA H
A 2 H o] FAIZE, WMESFPI0, P75, P25, P10)7F Stk o3 AAH S T3 F 42808712 3hd

Eo]l e Azt wolH oF 44478 3kl thE dHolE FAge s

. : @ Create route combinations and @ Calculation of statistics
@ Collecting log data files calculate truck travel time per route ID

Routc ID_ Transport time o N Ae
[019001 00:08:30}—— | | data  Time
001002 00:05:20 019001 18 00:05:34 00:02:24 |
002003 00:02:10  : Logfilel | | _~T7011002 22 00:02:11 00:00:59
003004 00:05:10 1 002003 24 00:03:47 00:01:41
/ 003004 20  00:06:31 00:02:11
ot o 004005 26 00:04:03 00:01:09
:03: 005004 19  00:07:58 00:02:14
001002 00:05:40 004003 17  00:03:24 00:00:59
> 002003 00:04:20 Log file 2 003002 23 00:04:30 00:01:16
003004 00:05:30 002001 24 00:01:26 00:00:46

001019 25  00:03:44 00:01:08

‘o001 00:05:20)
001002 00:08:30 Data items
002003 00:05:10 ; Logfile3 -
003004 00:04:20 RouteID
= Number of data by route ID
........................................... = Average truck transport time

T

Data items Data items = Standard deviation (SD) of
. Beacon ID T . Route ID truck transport time
= Truck ID = Transport time = Minimum and maximum
= Production date = Beacon location name (origin) truck transport time
= Beacon signal reception time = Beacon location name = Percentile (P90, P75, P25, P10)
= Beacon location name (destination) of truck transport time

[Z" 18] =1 vlolHE o] &3 3 E=olEAzt Atk W [33]
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(20 ~ 4 13 = 23] =t 33 %} 431 %} 53] 63] X} 73] =} 83] =}
Lap 1 10:23.7 05:33.6 03:33.1 03:49.7 04:55.8 08:46.1 09:04.0 09:334
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e ALt AlelF Bde] 4FE F e dHE, dAFEHE FMR gAY Aawe
THE R Eolgatte] A EYRRIEREIL §EG vlolEE wke A F oF 40071 (36671) <]
deolg 7t fastdrt. Fd diolHAMEE Aarstalr] Mol EE o] Agh, A7, A7 et
Ay BBk, Axg 2 HAogs AMSAHE 4). 28 21 BAFe] 0 s AEaRNS By
Zt} Alo]lF BHle] WS 25088, HFEWAE 743E 0w yeyth d¥F|e] FFS -4M4TCE,
X AE 542CE Yeyth 44439 2 03lmm, ETAA+= 0.84mm=E e T

Truck cycle time Average daily Daily precipitation
(min) temperature (C) (mm)
Mean 25.98 -4.44 0.31
Standard deviation 7.43 5.42 0.84
Minimum value 14.30 -14.30 0.10
Maximum value 54.50 8.80 6.90
@ (b) (c)
Number =/ Number 7| Number |
of data of data of data |
- uh' o ° .‘If B e T S ,]II JI : -
Truck Cycle time (min) Average daily temperature (°C) Daily precipitation (mm)

[Z™ 21] MAled 2 FdS 93 HolHAES 54 232 (a) AtelF B, (b) d83t2%, 44
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oo HAEy dadE A8
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ng A ¢k mFHFa st 2 HolH Y Y QFH o] FAHY BEFE Fg3ith uela <x
olx #lolgtax Frh kNN Zde] /hde ke HH

W2 e e, vwe Aw oy S

ol k7t &Fots FULC EFHA 2 2L JAE e otk kNN 2He] 39 &
A HeHAIES] AE U B QEFY LRE Folv Aol mAH et Y EF A==
o & ovldh= kgtol whel @A kgtel 7 ke AdE Adtet=d AR E = Al we
A et [42] @ d kKNNel A ZA2 A= dolgdd o 7IA E79 822 oy
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PSO-SVM Ed2 AMxEMEmile] sepngE HAskslr] e dx 2 HAs daugss 2%
g dagFoltt. 9 i HA s s dolrke Al weh 22 AA/AE A sEe] dEel V]
25 Fo #379 tdds BAg HAs 7ol H, 19951 Kennedy 9t Eberhartell ©al] 7l= 2Ach. <
2 3 HAsteE A5 (swarm intelligence)oll A 7S & AAE daglFolth, AT YA
S ol Aol Q17 e dAT FJY wiite] BAstH ZF dAvE A9 AR AAE ke 54 A7E
=rha 7hg skt PSO-SVMoell A A= SVME] stoly dh2kr| e 9l C9F gammas 53t} 2] (3)S 9]

H
Gotol H(v)E AAsta, Adte 25 AREste] AA(z)E ARZE(Y @), o] FA 72 JAE

g solthuus HA4e stolmwetvy NS FHelA FAstE solw seuHE 24

vj(z'—l-l) =vj(i)+clr1 (P —xj(i))—i-clrl(Gbest —a:j(i)) (3)
z(i+1)=a,(i)+v,+1) (4)

DNN =& QIzke] AAY 3ol M EEHE wof QI S}
&2 AFAAY(ANN, artificial neural networks)ell vlI®S &

FTLEE 4¥F det gl FHE /MY g8 =Unput layer), = =
(Hidden layer)®] A5 F+x& 7FA&= E9S& DNN Edolgl 2 A5t =Rl
dolg 7t o dAe 54 F&F A4S AA A5z 15T FAHQ A4S FE3E ot
719 24+ DNN Ede] g5 yetdity b o] sjdsts 7 == te] AR Adds) ALk o
2B A A wrEo R FAHY HolHE dudn. HA Y gdyd Rds 27 98 2HFH =&

E3 4

o 8 thea

o
=
ol
i)
ol
rlo
=
o
o
fo Jb
oX,
lo

[2¥ 24] DNN Ede] g 24 [46]

Haed 2ol Aed AS dHolHAEdd W AdesRrte NS FdA717]1 A8 54 wAk A
S (5-fold cross-validation)& &% 12 = X *|(grid search)E &3ttt dvrx o= wileyd Ko
e iAol wheh debx ], MAley dare] Sl whet vk wifRerE A% ek w2
RS 7 B AAle] AsiM s HA e wiiieE sk ol Tt 54 wA AT

= HolHAIEE 57/l2 vro] stud HS dHolHAER AR&etal ymAE E5F e T el
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S AFEstE BA3 dolHe 100%E HF dHolHAERZ A}

g 2wl 7/l ¥ S (hyper parameter) 33t Aold 319 S 7dte =z 3
g Aotk [47]. &, B AT W ARRAE AR AL ZvpiRsE SAH R 9 H st
= g ol % 5% ZF RdolA AbEE = wiZRRg ] SRk mirpd
T FEe UETh kKNNe A o 5 oulste k gl wel 22k, k #@e FHA 1A
EZ o =39t RFY A EE cep alpha, min impurity decrease,
22 o HA AZ F(min samples leaf), Z =To|A H3 o] AL HA MZ F(min samples

split), 7} ==olA & 2183 HA ME v & (min weight fraction leaf)oll o3 &A1 7] djitol,

N

=)
=

rr

)

ccp alpha®} min impurity decreasex= 0°14] 107}A] 1% Z7FA17]1 min samples leaf, min samples
split(E8 2 1~F | 10), min weight fraction leaf( 4 01~ 1)E ZZ 13 0.1% Z7FA1AZIY 4
of WipMsE AA3 PSO -SVM 229 #7F Agwe= wji/fds Cok el o9& A ZepA]7]
e, WA C(HA 10~ 100)eF v(H A 01~HAd DE 4 +F HAAS dags+s S8 =
do] FAFdrZ =qtl DNN Zd& &4 =(hidden layers)¥ x==(node)e] g3 AZF=7l detx7] w

A2 2~HM9), ==(HA 20~FHg 90)e= 77 13 108 F7HA A7 2] Je &

[¥ 5] 7l Rdds A9 2= AX ol AREH= #%

KNN RF PSO-SVM DNN
ccp alpha
/ min impurity
decrease
Parameter Neighbors / min samples leaf C / gamma hidden layer / node

/ min samples split

/ min weight fraction

leaf
Min 1 0/0/1/1/01 10 /01 2/20
max 100 10/10/10/10//1 100 / 1 9/90
Step (+)1 (n1/1/1/1/01 - (+)1/10

def g5 Agert 7HE =4 dEids wiads

mdlo] Hes ATt & Aol ARE
37 mdeo ATS YeuUE ASAES MAE(mean absolute error), MSE(mean square error),
RMSE(root mean square error), R25 Al-&3le] mdeo] AeS HAEs9t. MAEE H Ao o=
AAGT S5 AolE Aozt ¥ AHESE ARE, MSE® 31 Ay a2 AAfd o553
o] ztel & AlFate]l B o o] AV|E AHEE AXE, RMSE: MSES] Alutow 93
o] A7E AR ARE, R2e 37 A4 B o] dviyt g AEE & AHsteAE gng

ooz A AR WE AL otk 2ok 71 AE)e A dolE e BHle a3 gel, e

mlo
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Completion time of haulage (1 cycle)
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Amount of the loaded ore
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— Total amount of the loaded ore

— Total simulation time
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model

Simulation

Input data
Simulation parameters
Time parameters

- Daily workmg tune (shift)
- Combination of loading and dumping points

- Number of trucks by each loading point
- Capacity of a truck by each loading point

- Travel time of a loaded truck
- Travel tune of a empty truck

- Loading time
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duFe 19 269 2k Alaglel FoE EfE AAE AHAAGOR olFste XS A%
TS A Edow, AFEAZE ALl A AlEdEeld AzbEet A&HHom Qs Fasct
qUZA AZE AN FAH = Al Zde oA MAAE AlEY ol dudlES Wl
o 277 o] FEstTh wek AlEH ol Rdo] #olold 17 16(b)et #Zeo] AA B A A
WA RE 7Y BARE ol&ate] AAG 1d 279 AEHeH B2 54 AAAH 13
g EY 1ol tis) vebd Aolw, EFe] F{F 9 5 AAARY FE agste] g4l Jhssttt

Start
Travel to loading point
(TE)
[
Is shovel
available?
Yes

| Loading |
(LT)

Waiting in the queue
(AD)

Loading point

| Travel to crusher |
(TL)

L
Is crusher
available?
Yes

| Dumping |
(DT)

Is simulation
time over?
Yes

Start

Waiting in the queue
(AD)

Dumping point

[Z¥ 26] £ WAAE Algdold daes oA:

source 3580 hold 3580 TMeStt3S80 qalect 35805 seize 35802 select 3580C 56735800 quevelP3380a  LT.3580a release 35802 3580420

S = & & =59 oY BT s ] e
© ® & 4 o I B% =0
B 5
5 1
I Iz

Taskstart 3580 Select3sa0al 0 m_3580.204

[Z9 27] =2 LzES S AHET EY kA A Algdold +&
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(3) WY ¢uyF HE&
oA AdE waAlYd dauess 8ote] At ZF 43k Ao AElE X skt o
E 98 ZR¢AIRE yelB o] =(
neighbor), A X E WE ™ A(SVM, support vector machine), ¥ 2 3|9 EZ(CART, classification

GNB, gaussian naive bayes), <% o] =H(kNN, k-nearest

and regression tree)E AF-&3}ST)

U
e
z o
L
o
fru
N
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o
o
e
X0
rlr
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N
o
rO
N
il
o
)
o
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ke

ol
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of
I
=
9

1
plr = vvertc) = ———e ¢ (10)

CARTE 91124 E& (DT, decision tree) 714l dugEo =z BF 9 3
Atk [49]. CART<= ¥ ke @Al gl o] 7Hd& el Zark flth dHolHx b2l dx &
Bl dE A ol Ui gH(d/oly)e vNte R A HolER HaE HIFHog o) Ef

aostar, AR A9 39 Efdta @k dA
=g g FE ==wRYH Azste] 92 yrm, Hely
A

7171 918 58 wzk 7
Z(5-fold cross-validation) & %3 18]= A X|(grid search)S Z-&3At} ¥ 82 7 Zdo|A A& 5
E Ay =59 wiiEs 9SS vekdth. GNBE var smoothing gholl o&l mdeol Asxr &
2}#] 7] wj &, var smoothing #¢ ®WH= 10’901]/\1 174 AAsta, wiZlHasE oF 1.23818 S7FA] A
7hAA REe] A E o Fekqth kKNNO &7 A %s o F& ov|sh= k ghol whah gebA |
k #& Ha 194 1007H4] 14 S7FAAZEHEA B e s dSFatqith. SVM 2] 7 Ag e mj
W CoF oyl ofs] =LA EepA 7] wjitol, wi7ids C(H A 10~FHd 10009 v(HA 01~FHd DE &
ZF 59k 014 S7HAIAZEY HA e vyfig s AT vpA T e® CART 222 A4 A3
= (min_samples leaf)?} A M= 2 (min samples split)o] & Ree] AImrF AAFHY 2
ol = min_samples_leaf= HAa  1olA4  HdA 107k WHYE AHAsSZ 1¥ F7HAF| A,
min_samples_split #H & 2014 Hdf 107bA s HASL 1% F7RAAZFEA HA ] wpRTFE
A7 st

kNN Eelz} SVM Edo] gk A2 3% 1A AA = AT

ol

8
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[ 8] MiZls 5YL 98 gls= Ao Al 3t

GaussianNB kNN SVM CART
. . min_samples_leaf /
Parameter var_smoothing Neighbors C / gamma ] )
min_samples_split
Min 107 1 10 / 0.1 1/2
max 1 100 100 / 1 10 / 10
Step (x) 1.232847 (+) 1 (+) 5 /01 (-1/1

WA AFS B e AAE o gstel vy wde) 8% AR b woA et
WAAEE Agetgth 1Y e A delHAEGA dole el 25%, 15007 o] &3] mue] 4

o MAFe Hrle & Jd= As

SRS T duld o7 A rdkGo §8(3 Y o B

5 ] ==
ol wel dEpzith 2 AFo A e 5 TAdA drbg o s A&t e A8 E(accuracy), AHLE
(precision), A& & (recall), F1 scoreE ©]&3te] Rdlo Hd5s HITArt gt A odFolA o
A dE5e G55 AUEs o= 45T o AAR A SES AAES AA FE4ES %A 4
1

=
%% 382, Fl scores AWES A@dee] 2w ovjarh 4 AL F £ obes

TP+ 1IN

Accuracy = = N TP I (D
Precision= ——1__ (12)
recision = TP+ P
P
_ 2X Recall XPrecision
Flscore = Recall +Precision (14)

o] 714 P(positive) 9} N(negative)= Z @ o] o Zo] A (yes)AA 24 (no)Ql A =S Jujsl, T(true)$}
F(false)x= 1 ool w&=x EAXE oujgit. ojAS PHE= wAIS AL 233 (confusion

matrix)o] 2kl F-21, % 99} o] vpEhd 4

[¥ 9] &7 7] (classifier)o] W3+ o x5 =

. . Predicted data
Confusion matrix - —
Negative (0) Positive (1)
) TN FP
Negative (0) . .
(True Negative) (False Positive)
Actual data
. FN TP
Positive (1) . .
(False Negative) (True Positive)
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3. 7MY 2y ALEFE E &8 gFolHeg

HAe Y BdS sty ¢ ofvbEti(Anaconda), I EH =E5 (Jupyter Notebook)2] 712317 o
A Fto]d (Python) 1ol& &3l thgd gtolB gl E AMEste] mAilejd ®Es st doly A
2= 98 d3tol(Numpy), #th=(Pandas) 59 helB & o] &strh Held Rds Aed vl
oY dugFs Fdsy] A g mAled dagsel A e Akl 3l ¥ (scikit-learn) 2o
B s ARSI Held EES hEsty] S8 "Heldol HAs Hojdle 'lAE =% (TensorFlow)
£ Abgste] & skel

Aok oS waled-o] b AlEdEolHE JHEstr] flal oy mA AZESE o] &5ttt of
zz AZEo]= oo]dE 7wk A& o], oAb AlEd o], AlaFl tholyiu] X Al E | o] Ao
B 7bed vs 7R Algdeld Az Ed et} [5152]. o] #&3te] ER FHIA|AEl o]ihAbd

AgelolE 2ag Awat
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V. 33F dF 28 A A9
1. Aol 2 B9 <3 wAsd 29 A% 27
(1) Hazy =d Fd 23

B AP es EY Alo]F BYS d=317] Y kNN, RF, PSO-SVM, DNN =28 ARg&3lich
15k7] 18l 2 o] sty Agret #AdE vpyiHSE 245

g Aol S5F dF mae 44

At o2 G857 WA 4EFS B 2= NS o] g3te] mAS HHshekglnh,
KNN 2ele] o2 g3us wlus kgol wet A48tk 29 20 kgte 196 100744 14 2744
AEA mee FET 3T 3ol

© 2 MAE7} 493 (min)e.2 7} @& 932 e

o} KNN 2de] H3x== kgto] 53¢ w £ HolHAE 7]+

4.93

MAE (min)

1 11 21 31 41 51 61 71 81 91
ki{n_neighbors)

A3

[298 29] k& (n_neighbors)2] W3H(1~100)e] W& kNN Zde] 8% A

RF 29 35 Bghe= 57HA9 o]y ety o &gkt 2 Aol A= ccp alpha®t min
impurity decrease®= 0%-E 107}#] 1% ZF7FA1 A 2™ min samples leaf, min samples split+ 158 107}
A 14 S7FA A 3L, min weight fraction leaf= 0.114 17bA] 0.17b4] Z7FA1 719 w7l 4= gk 2 4 3}
stivh. 19 302 wiiW e ghe] wiste] wel depx]= RF P29 g Jg & vehdth RFY g

ccp alphat™ 2, min_impurity_decreasex 2, min_samples_leaf= 6, min_samples_spliT 5,

N

ST =

| ‘o= =

min_weight_fraction_leaf’} 0¥ ™ MAEZ} 3.83 (min)2 & 7}4 @& 2 27} vebyth

hoa

3.83

MAE (min)

S = N Wk

101 201 301 401
Number of scenarios

-

[28 30] cp alpha(0~10), min impurity decrease(0~10), min samples leaf(1~10), min samples
split(1 ~10), min weight fraction leaf(0.1~1)2] W 3lo] W& RF 2deo] st5 A
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[o
iin)
ol
ol

171 #1sl Csb v& WA AE

VM Ede] st AotErt 7 A JEd e miAies ws
2de HAHgsit Wz C= 10014 1007k M2 AAsta, 4= 0158 09742 A4 s
A2 A HANE B AFEE A 27 31 wiARSE Cob o] W3l wE mdel g

0.611032434487566 .= A4 P& o,

i

L5 YEhdTh SVM 292 CE 30.2079059738887%,

(7]

3.45

MAE (min)
[

[

=]

1] 100 200 300 400 500 600 700 800 900
Number of scenarios

[Z¥ 31] CQ0~100)¢ ~(0.1~0.9)¢ W3}l & SVM Ede] st Ao

DNN 2d& A=stat/] 918 933 == 55 ¥aA R 95 204 9744 14 3744710

9359 5 W7, =2 e 20004 907HA 108 F7FAI7IM WstA Y. 1" 32« wiviE S
9353 w= S Wl ope wde sy JHES Jebioh DNN Rde 2u3e] b2 w=
7F 40 W 71 #e @ AHMAE = 4.11(min)E X At
25 hidden
layers
20 2
- —3
:E' 15 -4
= 10 5
= —_—5
5 —T
—_8
1] —O
20 30 40 50 60 70 80 90
nodes
[Z¥ 32] 24Y5(2~9¥ == F(20~90)9] ¥Wale] m2 DNN 24| sty H3e

2 vy aom.

2% 33(a)= kNNO #HS 2345 Ui ot AA E9 Ato]F Bglo] 7FE 5o kNN Edo]

=3 T2 AZEHS Yehdth kNN 2de] o3y A" dolge x5 FilH MAE:S
2.89(min), MSE+ 13.65(min), RMSEX 3.69(min), R2¥ 0.692 et RF 2d& Ao]l&F g 4=

_29_



of Hjgtdt HAghol AFHo U= Aew SAHJATHLH 33(b). =3, HeA3E MAEE 2.88(min),
MSE+ 1540(min), RMSE: 3.92(min), R2% 0.65% et PSO-SVM 299 Axt= 17 33(c)9f
2ok o =3k gk AA delele] xpo]& MAEYE 2.79(min), MSE: 14.29(min), RMSE: 3.78(min), R2
£ 0682 UERYTH DNN 2deol A% dolgz #HZE3
5 A F MAEE 2.80(min), MSE+ 15.13(min), RMSE+=

A3 a9 33(d)R JvEhgey, mde] 37
3.839(min), R2¥ 0.662.2 yEbytt),

(a) KNN 2d (b) RF =d
50 50
40 40
1 TS @
e ;ﬁﬁ % a8 o e
~ O ~ .
£ 30 e £ 30 &
L} 5 L} (8]
3 Lt 2 .
2 el 2 Y.
ﬁ - 0 QR o> ﬁ 2 © CIXITIICDCD
& &
10 10
0 0
0 10 20 a0 40 50 10 20 30 40 50
Acutunal data Acutual data
(c) PSO-SVM (@) DNN =4
50 50
40 40
% o e
% o®m om oRBF° o °
2 30 & o 2 30 0% o
E e] E Ca 0]
‘5 el d -5 - o C'O(
5 20 8@ epSo % 20 UC’%@ L.
= = ’
10 10
0 0
0 10 20 30 40 50 10 20 30 40 50
Acatual data Acatual data
[Z2¥ 33] AAl 349 Ate]Z Bl B 2H9 o33k (a) kNN 29, (b) RF 249, (¢) PSO-SVM,

(d) DNN =4
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(3) Atol 2 B4 & AT v

2 ATl AT delHAES o] &ste] Rl 4od Hrietdrt. Rde] 4%¥ 7= MAE, MSE,
RMSE, R2& o] &3te] F338th % 10 24 Zde] A57 Uebd Bojth waley Ede] o
Z A xE PSO-SVMeo|l MAE7ZF 2.79(min) o2 7} whe %o, DNN(MAE=2.80(min)),
RF(MAE=2.88(min)), kNN(MAE=2.89(min)) <o 2 H7l5 At} wpebr] A shdake] Alo]E S o =
gt Rl PSO-SVMel 7HE F2 4% S g

o
X,
ofr

[£ 10] v2ed wael 457t A%

Performance assessment
o KNN RF PSO-SVM DNN
indicators
MAE (min) 2.89 2.88 2.79 2.80
MSE (min) 13.65 15.40 14.29 15.13
RMSE (min) 3.69 3.92 3.78 3.89
R2 (min) 0.69 0.65 0.68 0.66

2. BAF AF mAHY—ol A A EHA =Y AL A
(1) A g AUzl * AARAEA

N2 2ZEGO)E ol §dte] P S v Y—o WA ABdolH BYS Austgor], o
FAGY EY SwALHS AR mAsEAd BE 43S FARA A BRG 432 Y
Ao wA Asbet AY /Ede] $PEAL Agote] ABeAAL FAW ARHE FEu ] A
Belold Bge) 43S FRHAh K 1S AFLALA BALS Fo 249 ABdIA Ao
YIARE el AFLADAS B4 A3, WA 2] FYHE EEe ANFo AT 8
AIZHOB00~17:00, AAAZE 1AZF A8 Bk Surael e SFaah 2ot 99 AAAE 3 @A
BT 5 BAASCHAY] 2, AR A4 WA Bl ol ewMARst AR AdEE gow
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[£ 11] A%2A9A 242 B3 243 ABdold Auee @ de4s
Loading
Truck Truck type . Cruher . . .
Date point Simulation time
ID (ton) (Beacon ID)
(Beacon ID)
1 375 4 20 08:00~12:00
11.23 6 23 17 22 10:00~12:00, 13:00~14:30
4 23 17 22 09:00~12:00, 13:00~14:30
7 23 17 22 10:00~12:00, 13:00~14:30
11.24 3 23 9 20 08:00~12:00, 13:00~17:00
1 375 4 20 08:00~12:00, 13:00~14:30
11.25 2 375 4 20 08:00~12:00, 13:00~14:30
3 23 9 20 08:00~12:00, 13:00~17:00
1 375 4 20 14:00~16:30
2 375 4 20 14:00~16:00
3 23 9 20 08:00~12:00, 13:00~16:30
11.26 6 23 19 22 08:00~12:00, 13:00~16:30
5 23 19 22 08:00~12:00, 13:00~16:30
4 23 19 22 08:00~11:00
7 23 19 22 08:00~10:30
1 375 4 20 08:00~12:00, 13:00~15:00
2 375 4 20 08:00~12:00, 13:00~15:00
11.27 6 23 19 22 13:00~17:00
4 23 19 22 13:00~17:00
7 23 19 22 13:00~17:00
3 23 9 20 08:00~12:00, 13:00~17:00
5 23 17 22 10:30~12:00, 13:00~15:30
4 23 17 22 10:30~12:00, 13:00~15:30
1198 7 23 17 22 10:30~12:00, 13:00~15:30
' 6 23 19 22 08:00~10:30
5 23 19 22 08:00~10:30
4 23 19 22 08:00~10:30
7 23 19 22 08:00~10:30
AR AEeol A BHe] Y= TIE EBAZ e £ Alo]F By o3 viaey =
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[¥ 12] E= AtolE B Y o5 valeld RS o] §ato] ALke B/ EgolE A3t

Travel time Travel time
Truck Route with empty Loading time with loaded Dumping time
ID ID truck (Mean * SD) truck (Mean * SD)
(Mean t SD) (Mean t SD)
1 A 883 + 1.77 3.73 £ 0.75 823 + 1.65 0.62 £ 0.12
C 13.13 £ 2.63 3.73 £ 0.75 12.24 £ 245 0.62 £ 0.12
A 9.14 + 1.83 3.73 £ 0.75 852 £ 1.7 0.62 £ 0.12
2 B 12.22 + 2.44 3.73 + 0.75 11.39 £ 2.28 062 + 0.12
C 16.36 = 3.27 3.73 £ 0.75 15.26 £ 3.05 0.62 £ 0.12
3 B 12.38 £ 2.48 4.05 + 0.81 9.67 + 193 0.88 + 0.18
4 C 16,57 + 3.31 4.05 + 0.81 1294 + 259 0.88 + 0.18
D 16.07 £ 3.21 4.05 + 0.81 1255 £ 251 0.88 + 0.18
5 C 18.28 + 3.66 4.05 = 0.81 14.28 = 2.86 0.88 + 0.18
D 13.24 £ 2.65 4.05 £ 0.81 10.34 £ 2.07 0.88 £ 0.18
6 C 16.79 £ 3.36 4.05 = 0.81 13.12 £ 2.62 0.88 £ 0.18
D 14.47 + 2.89 4.05 + 0.81 11.3 £ 2.26 0.88 + 0.18
- C 17.04 + 341 4.05 £ 0.81 13.31 £ 2.66 0.88 £ 0.18
D 14.93 £ 2.99 4.05 + 0.81 11.66 = 2.33 0.88 + 0.18

Route ID: A (beacon IDs 4~20), B (beacon IDs 9~20), C (beacon IDs 17~22), D: (beacon IDs 19~22)
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[& 13] = | B olAAL AlEE ol Ry A oS A v
Vehicle operation log Discrete simulation
Route Amount of loaded ores (ton) Amount of loaded ores (ton)
Date D AM PM AM PM
(08:00~12:00) | (13:00~17:00) | (08:00~12:00) | (13:00~17:00)
1 A 412.5 - 412.5 -
1123 6 C 1125 112.5 150 1125
4 C 1875 1125 187.5 1125
7 C 1125 1125 150 75
11.24 3 B 300 300 375 375
1 A 3375 75 450 150
11.25 2 A 412.5 375 412.5 150
3 B 300 337.5 3375 3375
1 A - 262.5 - 300
2 A - 187.5 - 187.5
3 B 300 225 412.5 300
11.26 6 D 262.5 225 262.5 262.5
5 D 262.5 1875 300 300
4 D 225 - 1875 -
7 D 150 - 1875 -
1 A 375 150 412.5 187.5
2 A 375 1875 412.5 187.5
11.27 6 D - 337.5 - 262.5
4 D - 337.5 - 262.5
7 D - 337.5 - 300
3 B 300 300 412.5 3375
5 C 75 1875 1125 187.5
4 C 75 1875 1125 187.5
7 C 75 1875 1125 150
11.28 6 D 1875 - 1875 -
5 D 1875 - 187.5 -
4 D 150 - 150 -
7 D 1875 - 187.5 -
(@ . . ON. ;
11 ) e e 5 —é
B s 8 e o o e
0w 9 ® s
g2 s ® e 7 ’ i
g —'; 7 ] g é b
54 s T8 s o o
2% 5 e o o g{,ﬁ P ®
E8 4 e e Z .2
Z8 o zn ° r
5 2 ®
1 1
0 (4]
0 1 2 3 4 5 6 7 8 9 10 11 12 0 1 2 3 4 5 6 7 8 9 10
Number of haulage Number of haulage
(Vehicle operation log) (Vehicle operation log)
[Z¥ 34] FUA] F o] iAbd AlEH ol BEF o A o5 Ad v



E AFAAE 20208 11€ 2699 AFPAAE o] &3] A FAAH

= A=
dolf oA ANHE AANAS nugond wgel FH AFe >
8

4ANE 2 2w wais £9
R e 27 AbolF Bl o] Z Ay Rl AEHE St dolEd Frh FuHos T Aol
2 HYS 22 g2 d5sA XIS TFeAdel Ak Ed o] dhAbd AlEEeld By AA &ut
A MAgHoR WA £ e W T 4P nelsd RakE @AMl drldEel el
Qews she Eds 7ie] MRS 5ol itk webd oAb ABeold el o s
A P AeAE A paled mEe) shag s AR dolee FRE 1o Bed
W, AEdold 2yo] nrk AU WA & YEE Mol Aast),
[E 14] 43R 2A 2 vl g—ol Az ABeol i mgel o Zdz u
Route A Route B Route D
. Truck 1 Truck 2 Truck 3 Truck 4 Truck 5 Truck 6 Truck 7
Time Actual Actual Actual Actual Actual Actual Actual
DES DES DES DES DES DES DES
log log log log log log log
08:11
08:10 08:19 08:16 | 08:25 | 08:19 08:24
8:00 08:35 08:27 | 08:34 08:29
08:40 08:51 08:21 | 08:58 | 08:45 08:54
08:58
9:00 09:10 | 09:17 | 09:21 | 09:05 | 09:06 | 09:09 | 09:27 | 09:21 | 09:02 | 09:25
. 09:38 | 09:41 | 09:51 | 09:48 | 09:36 | 09:34 | 09:56 | 09:54 | 09:31 | 09:51
10:09
10:06 10:20 | 10:19 | 10:05 | 10:03 | 10:25
10:00 10:33 10:27 | 10:01 | 10:24
10:33 10:48 | 10:53 | 10:35 | 10:31 | 10:52
10;58
11:00 | 11:22 11:02 | 11:06 11:03
11:00 11:26
11:27 | 11:47 11:35 | 11:43 11:39
12:00 Lunch time
13:17 | 13:15 13:18 | 13:13 | 13:22
13:00 13:23
13:43 | 13:35 13:24 | 13:44 | 13:29
14:00 | 14:07 | 14:10 14:00
14:22 | 14:12 14:05 | 14:14 14:18
14:00 | 14:25 | 14:27 | 14:37 14:27 14:38
14:41 | 14:42 14:53 | 14:37 14:45
14:51 | 14:46 | 14:57 14:49
15:08 | 15:04 15:07 15:04
15:17 15:14 | 15:15 15:21 15:03 | 15:19
15:00 | 15:28 | 15:26 15:30 15:30
15:38 15:56 | 15:41 15:50 15:29 | 15:50
15:46 | 15:46 15:52 15:55
16:04
16:00 | 16:05 16:15 16:21 | 16:02 | 16:23
16:26
Number
of 7 3 5 5 14 18 6 5 12 16 13 14 4 5
haulage
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t = = :
AIZH(B402E)&F o] Folxith (2) & 6tHe EY(375E: 2HEE ID
ol AAFAAG A, C, D)ol wiabd. (3) Zzre] A% "13 D}% =91 4] —.51"—101 A2k o,
(4) 51 995 2487 9‘]31]’\1% ZF A EE FHA 600, 800, 700-=°] A 3]Ao] AAkEofof
ok 47HA 7Hd 23S aeetd, F 39700 EE wia 23S AAY ¢ dn AlgdelA Rl 9]
Z A

= el
ol A1 Abol 2 B Y oS mAled RS o] &sto] AEsslen, At

dd TGz EYolF ATt HolHE JHsle] AlEHNAS 3 Ay 39719 EY ajA =3
ste 13702 yEltHE 15). A A AGGE
EY 1H¢ 238 EY 14, AA% DE 23E

EE 307t F S 24T F de AR YEWTHE 16). T AES Ve
o= AHEW Ayl ID 23] 37 ZPAIbEet b B A3AE AAR99%5E)EE o R HE
Wb 3 9 EgAaEs dAde el A_HE AR Agde Al»‘rag ID 23°] 7}F A& A7t
(386i)0] 8 EH= AoR uverwth ol A A3 AAEFS A4 675 (A A A), 801E (4]
A% C), 8IT=(A A4 D)= ERS:

Scenario Truck 1 Truck 2 Truck 3 Truck 4 Truck 5 Truck 6
D 37.5 ton 37.5 ton 23 ton 23 ton 23 ton 23 ton
19 C
20
23
24
25
26
31
32
33
36
37
38
39
Route ID: A (beacon IDs 4 -20), C (beacon IDs 17 - 22), D: (beacon IDs 19 - 22)

eoliollelielieolioliolrdrdi g
= | O)0I0I0I0I0
wllvlivliolivliolle]ivlivlivliollwiie!
wilwliolivliviiviieliviivlioliviivliw)
wileliviivlioliviivliviielivliviieliw)
olivlivliviielioliviiollviivlivii@
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[ 16] ¥ 53 AdEFS G4 = d= EY vz =g gk AlEdeld A3
Ore production (tons) itz
required to
Scenar by trucks by loading points achieve
io ID Total target
1 2 4 5 6 7 A C D production

(min)

19 862.5 | 6375 | 3450 | 391.0 | 345.0 | 299.0 | 8625 | 12815 | 736.0 | 2880.0 466
20 900.0 | 600.0 | 299.0 | 414.0 | 368.0 | 299.0 | 900.0 | 1267.0 | 713.0 | 2880.0 480
23 862.5 | 6375 | 368.0 | 414.0 | 345.0 | 368.0 | 825 | 10055 | 1127.0 | 2995.0 386
24 825 | 6375 | 299.0 | 345.0 | 345.0 | 368.0 | 825.0 982.5 | 1012.0 | 2819.5 399
25 862.5 | 600.0 | 299.0 | 414.0 | 345.0 | 345.0 | 862.5 945.0 | 1058.0 | 2865.5 411
26 862.5 | 600.0 | 299.0 | 414.0 | 345.0 | 299.0 | 862.5 899.0 | 1058.0 | 2819.5 405
31 600.0 | 825.0 | 345.0 | 345.0 | 368.0 | 345.0 | 825.0 | 1290.0 | 713.0 | 2828.0 471
32 600.0 | 8625 | 345.0 | 391.0 | 322.0| 299.0 | 8625 | 12440 | 713.0 | 2819.5 464
33 600.0 | 825.0 | 299.0 | 414.0 | 368.0 | 299.0 825 | 1267.0 | 713.0 | 2805.0 474
36 6375 | 8625 | 3450 | 4140 | 3220 | 368.0 | 862.5 982.5 1104 | 2949.0 390
37 600.0 | 825.0 | 276.0 | 368.0 | 345.0 | 368.0 | 825.0 968.0 | 989.0 | 2782.0 403
38 6375 | 825.0 | 299.0 | 391.0 | 368.0 | 391.0 | 825.0 | 10055 | 1081.0 | 2911.5 393
39 6375 | 825.0 | 299.0 | 414.0 | 3450 | 299.0 | 825.0 936.5 | 1058.0 | 2819.5 422
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2o tAHALTE Hrlsla Adsr] 98] GNB, kNN, SVM, CART =€
A7l Al zZF mde] g germet dAdE wisfHae gk

A0 PEe ¢ 2= AAE ol gFth

o
=
o
=

mlo

S oF 123w FIHAATFEA HAH e R
o] JErs yeis agzoln,

GNB Ed¢ BF A w= v/ variance smoothing (var_smoothing) Zkell 91&) =z tl. w7
j 3

A4 ek, WA g

AARSAT. 19 355 var_smoothing #ke W 3lo] w2 7o)
AEE w7Es ol 1072 dolAdA W FZ43 #isteE Aoz vyt GNB Rde
var_smoothing #ke] 0.000188%¢ = = =o] 3kF A %=(0.60)7F 7+ =A YERS:
0.7
0.60
E 0.6 ,’.*%%%%
4
0.5 \"'\Q\qﬂgﬂﬁ

0.4
10° 108 107 10 10°% 10" 103 102 10! 10°

Variance smoothing (var_smoothing)

[Z¥ 35] Variance smoothing (var_smoothing) #t¢] W3H(10°~1)el w2 GNB ¢ st A e

kNN mdeo] H3ri= o] £ =5 ousts kztol wel e 28 362 kaS 15E 100744 1
A ZTMAAZMEA Rl AgEF o5 otk kNN 2o F8 = kgte] 2&45 =4 YER

k=1, 0.85).

1.0

0.9

0.8

0.7

Accuracy

0.6

0.5

0.4
1 10 20 30 40 50 60 70 80 90 100

k (n_neighbors)

ek

%

Jﬂ

[2¥ 36] k& (n_neighbors)9] W 3H(1~100)°] w2 kNN 24| &

SVM mde] 8% 4HEst sbg A dehte was e 48] el Csh 43 aaA AL
W wae AAas. MANSE CE 1094 100744 M2 ARste] 58 F/AAEA 4= 0158
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0.97k4 014 S7HA#A7HH ZHle] Fes
2o EF ASEES dEdd CoF 47t = =
SVM EH2 CE 100 & 092 A4S o 2] A7k 0782 7HE =7 et

0.8

0.7

Accuracy

0.6

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
C

[Z¥ 37] C(Q0~100)2 ~(0.1~0.9)¢] W3}el w& SVM RHle] s Ao

CARTY g AT+ FHA AZ X H4 AZE 2 o&dit) 2 Aol A+ min_sample
_leafZ 1014 107+A] 18 Z7FA17] 3 min_sample_splitS 20014 1074 18 Z7MA171H A F wj/pa 4
e HAstetdtr 19 382 7 wiWS ghe] Wste] wel 9eiA= CART 2
Yeld T}t min_sample_leaf #t 3 °©]3}Y 749 min_sample_split®] #ko] E7lEFE

ol X = S XAt 28 Y min_sample_leaf #to] 4 o]4d 7 $o]l= min_sample_split #ko] F7}35}
q

deo] st AL

=
wwe) st v

gets Agre Wal= 24 JUeiyA fdth CARTY 8<% A%+ min_sample_leafS 1, min_
sample_split& 42 AW vl st5 AF=(0.94)7F 7Hd =4 vEbwh
1.00
0.94
Leaf
—— = ——— (min_sample lea)
 — N —— R - -
—2
=
=1 4
2 000 /¢ ——
(%] ——5
<@
< ]
-7
—3
—9
—10
0.85
2 3 4 5 6 7 8 ° 10
Split (min_sample_split)

[Z9 38] C(10~100)2 ~(0.1~0.9)¢] W3}el w& SVM Rele] sy Ao

@) A A% 4% ¥7 A%
A ART W AEFE 7 wle] A8a)

of
BAE(RA ol e 25%, 1500/)% ol gate] FaAs AT, ¥ 17~202 wde] A% A% oAwd
= Jepd Aol
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¥ 172 GNB 299 HdF 235 exddE= vebd Aotk dAl Ego]EA|te] A<
= (TN, true negative)”} 6873 2 YEFLTE W2 H]
2 EFE 73S 834 Aoz d53 49 (TP, true positive)7} 2423 YERS:

AlZkol HIAARD TtE Ao R At Aeok AYA 7S HAAoR dF5ss
4963] (FN, false negative), 753](FP, false positive)? A3t GNBY H= AS=E= 062
ow AA AFom HHE HolEHE BAA AR dgFste Afde H]ﬂx =2 AE8%(090)=
Aok 2Ey v R ZFE dHeolHE v oR dFste 44 0

EFsk e

P
o
it
lo Mo

%

o
fu d
2
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ox
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off

R
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[¥ 17] GNB Zdlo] o) BFH x84

Normalizaition Predicted data
var smoothing=0.000188 Negative (0) Positive (1) Accuracy
Negative (0) o8 ™ 0.90
egative )
: (TN) (FP)
Actual data o 496 242
Positive (1) 0.33
(FN) (TP)
Accuracy 0.58 0.77 0.62
Training accuracy 0.60
KNN Z'le] 79 1500709 % dlole & AA] dolg& euzsl d=g 799 TNS TP 47
A9 3 FNY FP& 7+7F 1223], 12038 = L}E};&E}(L 18). kNN &4 ¢]

6425], 61631 = LrERstTh, of =
S

ol
AE AGEE 0848 Ueyton BE S u%d $£30 A E B

[¥ 18] kNN & dlof o3 2F¥ o34

Normalizaition Predicted data
n_neighbors=1 Negative (0) Positive (1) Accuracy
) 642 120
Negative (0) 0.84
(TN) (FP)
Actual data o 122 616
Positive (1) 0.83
(FN) (TP)
Accuracy 0.84 0.84 0.84
Training accuracy 0.85

£ 19% SVM 299 1% 278 o4PA2 tehd Rolth Al EolEAgke] AP Aow ¥

FE o] B4 Aog dF® A9 (TN)7F 54238 vebytoh vz w44 Aoz BFE F3to
A 7w oS5 A5-(TP)7F 6553 &= vElwth B3k EgolgA|zto] v A F31E Fde
2 dFste A, A TS vALeR AFste A7 47 1963], 1078 FAS Aoz LhE
Wtk SVM 2de] A3 4iees 0808 vEbg o, A wAgdon vEEd dHolEHE ®Fshe &
Aol M= = ATE(0860)F BATh 28y A HoHE E7sE TAdAE FF=(0.73)7F 1
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[¥ 19] SVM ZHlof] ofsf &€ ex3l=

Normalizaition Predicted data
C=100, v=0.9 Negative (0) Positive (1) Accuracy
) 655 107
Negative (0) 0.86
(TN) (FP)
Actual data o 196 542
Positive (1) 0.73
(FN) (TP)
Accuracy 0.77 0.84 0.80
Training accuracy 0.79

2 B 0952 = dEuH dA B o
ARl ARl Aom BRE S AR Aoz 45 AUt 7133(TN), vl g4o =2 &7 +
63](TP)= uebskth. =3 g es EREAd 7+3s Adoe=
1oz o3 F97F 77 323](FN), 493](FP)= e}
D= W =A yeutew, Al A4 s ERste A
0.96)2F v & EFate £A(094) 25
[¥ 20] CART &de] o3 &7¥ x4

Normalizaition Predicted data
leaf=1, split=4 Negative (0) Positive (1) Accuracy
N ive (0) s 9 0.94
cgative (TN) (FP) '
Actual data . 32 706
Positive (1) 0.96
(FN) (TP)
Accuracy 0.96 0.94 0.95
Training accuracy 0.94

(3) £A4 A A% H

2 ATdA e A5 HolHAIES ol &ste] &A% 7 Rl oxgdaS ngor wdlo Hes
skt Rde] Hs#H7MeE A% (accuracy), A E(precision), A& & (recall), F1 scoreE ©]-& 3}
T & 218 7F RHo A ARE ekl Aotk waleid ZH o5 A= CART(95%)
7F 7HE =A UERSE o) kKNN(84%), SVM(80%), GNB(62%) =22 YElyth CART E22 AUE,
AL Fl score & = Yelgt. wpeba A skgake] 7k SUbA 290 b =5 Hrists FA oA

= CART Zdo] 7} £ AeS ®Holga & 4 9t}

[¥ 21] H28Yd Bde A5H7 A%

Performance assessment
o GNB kNN SVM CART
indicators
Accuracy (%) 61.9 83.9 79.8 94.6
Precision (%) 76.3 3.7 3.5 935
Recall (%) 32.8 835 73.4 95.7
F1 score (%) 459 3.6 78.2 94.6
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2. THRFE Fd EA Id A= £

Mg wde] A% B4 ALF 1500719 HolHE o] &kl CART wdle] 73hd o3 4

g Auetarh 1Y 9% FA BG4 A9 PR pid nde] 4REg vhehd
Ken

Bigton, Wit ow 933%° AHdES HAAT A9 FdHE ds= FE=E@3 7ihe Adg-ol
Aey 2 ID: 13, 521, 1315,
80% ool A S Hole o FAHAUrh A FHE Pt
g o E=gk 22709 3 F 20
ste fls AFEE Holy
ATHGE 22). wEkA
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Legend
©  Beacons at the loading area
©  Beacons at the dunping aren
@®  Beocons at the entrance

@ Beacons at the transport route
* Number in circle means beacon 1D mumber
Accuracy of CART model
by section (%)
— 571-600
610-700
710-800
e 810-900
— 910-1000

0 20 500m
——

Legend
©  Beacons at the loading area

©  Beacons at the dumping area
. Beacons at the entrance

® Beacons at the transport route
* Number in circle means beacon ID number
Accuracy of CART model
by section (%)
66.7-70.0
710 - 800
m— §10-900
— 910-1000

0 20 500m
|

[28 39] 7 73t CART 229 o5 Ag=x: (a) &2 &3, (b) 42 &3
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[ 22] 24t 73bd ASA = Aol AHEE Fe doly o &

. oo Average of the number of
Operation Prediction accuracy . .
Number of sections data used for machine
Type (%) ) .
learning for each section
91 - 100 14 105.9
81-90 5 90.2
Empty
71 - 80 3 59.3
haul
61 - 70 0 N/A
57.1-60 1 26.0
91 - 100 19 138.0
Loaded 81 -90 1 90.0
haul 71 - 80 1 480
66.7 - 70 1 27.0

A W9 Welld S48 Aoz deistth sid T

=49 Aoz yehyton, 439 aoME v

ke Fa e Eo] AR HoR s WA R T A L stdx o] gk webA
gFite] EEEL g kel A FAgle] olFstE §54S 7HA A k. dlE FHHEIE D 11-6)9
g3l 16572 A FHE doleE CART 229 99 dolgz wae g e 3o 444
o7 olfofH=A A5S FsTh 1 AT, HAA AAAOR o]F P H9 E]F Ao
AR WM Ul SFAHAT A5 Ak w1, v AH o2 oo P Ag HALA S
2 ¢PHATGa dFsdh. &, 2A dole g CART Zlo] o3 o= Axrt AFeiA ARt A
o7 yehgt ® 23 1653 dolgol td CART 229 o323 dg 771 383 ez
TFEste] exdEE YEhd otk ¥ 24% A8 H S A ¥E FRte] Al Z4skste] vERd A
ojth. o] MBI B EYE V£ Eo|gAY] AFS A kst Psvie AS 9
ajgtch e ER 58 R FtoA EolFAIztel 9GS A oudt FAE FAs YA ek
= AL s
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[¥ 23] CART 249 & 483t &R/ 48 ID 11~6 F+3H)

Normalization Predicted data
leaf=1, split=4 Negative (0) Positive (1)
Tk A e o XiiD
Aetual data ruck B Fete 1 T 3T
Truck © e D) XS] o

[¥ 24] ¥]2 ID 11~6 F#3toll i3 AE/Egfd CART 299 o =43

'21.02.22 02.23 02.24 02.25 02.26 02.27
Time Truck Truck Truck Truck Truck Truck
A|/B| C|A| B|C|A/ B|IC|A|B|C|A|B|CJ|]A|B|C
08:00 [ | e O ([ [
09:00 [ [ ¢ o o
o
10:00 o ® O o o o
11:00 o | o
12:00
13:00 o o o [ mn o
14:00 [ ([ o [
o [
15:00 ® O [ ° °
16:00 o N [ [

@ TN Cases in which data that are actually normal are predicted to be normal
Bl TP: Cases in which data that are actually abnormal are predicted to be abnormal
[ : Break time (lunch time)

o,

to=z B2 ID 1304 148 312 2t o] Efo] A5 &t & 583](E= A3 343], E¥ B: 24

3)) #qg Aow vewth d el A= F 583 3 F 543l EolsAgte] WA W
el A SA=R e, 43]= g4 e WM 49 Aoz yeuy o] 7319 45 wak=
Tqs= Eo] AAA R o]edts bRt auy 4= Fol HAAH (Area D)ol #1413

>4
O

wEo] 2o BAZre] WEo] WA

s
N

O

S Qe PRItk CART 29& olgale] E2lo]5A|7ke]
ERIEEREE wg(saz%m wad vl et A2 Held & A9t dAdew 4
) Ao e HolHE Adon o328 A9 (TN} 463, A4 dol8E wAgez o3a
STPVE 43, A4S HHE W AH0E A58 FLEPIE 815 HEEGE 29, o] F4e] 7

oz
£
L
2

ox
-0,

%
$ olvl A% Ao} S deky] R 1654 Ul HE ol % SN 43 FHmst v
UEbE RS HAd F otk E 268 1677 doleel tis CART n9e] d3238 = A3k
gz FEe AzED Rolth dF TN CART Z2e] 63 4w A% wass i we

PN AAAE
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aseh =@, Ar dolHelE EgolE
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A Ede] AHge gk F714R1 dloly £ mdo] 7)Mol
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[¥ 25] CART Ed& Abgste]l £73 A48 d(M 2 ID 13~14 +-3h)

Normalization Predicted data
leaf=1, split=4 Negative (0) Positive (1)
Negative (0) 25 (TN) 7 (FP)
Truck A .
Positive (1) 0 (FN) 2 (TP)
Actual data :
Negative (0) 21 (TN) 1 (FP)
Truck B .
Positive (1) 0 (FN) 2 (TP)
[¥ 26] ¥ ID 13~4 T3t wjst A zbd/Egd CART Zd9] o =423
'21.02.22 02.23 02.24 02.25 02.26 02.27
Time Truck Truck Truck Truck Truck Truck
A B A B A B A B A B A B
08:00 ) [ o o o o o [
o o o
09:00 [ ) o o
[ ) [ | o
o [ [
10:00 [ | o o o
[ ) o [ )
11:00 { ] [ ) () [ )
12:00 [ ) o [
o
13:00 [ ) o [ )
[ )
()
14:00 [ ) o [ |
o
[ )
15:00 () [ ) [ ) [ ) o [ | [ ) [ ) ® [ )
16:00 o [ ) o

@ TN Cases in which data that are actually normal are predicted to be normal

Il TP: Cases in which data that are actually abnormal are predicted to be abnormal
@® FP: Cases in which data that are actually normal are predicted to be abnormal
[ : Break time (lunch time)

wep EgjolB Aol Mo R o FHE Adst 59 EddAw AU £ 234 &d
w RE gl ZuEy T AuAL BaRe Asde dddcl Stk aea Bl welge
oo e AAF £AE HAshor & Aolth AFAA HIE whel o5 ¥ AFNA Ak CART
mEe 2o EATY AHE o2 Ug SR e uo] AP BAY BT sl o)
ARl BUEE @ 5 otk E=@, oo d@ 2 BAY gARte ndstd 5ee 2 4 9
web] CART W@le #4te] whelaSel Subelel AMgs Be4de F4A77) 98 =72 2§
o] 5@ oleh wadrt
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VI 7" =8¢ &8 ykol
1. AEAY ZoF &8 <
MgE 2P AAAY Fofe] ~wlE wmloly Y](19 40)o AFH R &8E F AS Fot).
svtE wholdel #4 J1&e ® 273 2ol TR 4 vk ANE BYe AnE wolyd Baw
Intelligence 7]<zol si@etet. 7Ide RS &8st 19 413 Zo] EFAAN A As <AF
As BHo] FozrgetHA] Bqk ERbAIAE oS B Ads Fa LAY S THE 7 S Bolth
Intelligence (Analysis—Prediction-Diagnosis—Optimization)
Al, Big Data, Cloud
VirnallMine!
5 S
E &
T loT HMI (Human Machine Interface) | Drone =+
< Sensors Mobile, Wearable, Self-driving E
; GIS/BIM/3D | | XR(VR/AR/MR) Robotics T
2 \\| 3
T =3
a,
g g
3I$ Pﬁnténg, Open Source, Platfn;;'vl
[29 40] ~nhe vl 84 7%
[£ 27] 20bE whold 47]%e] F% 2 A9
JNETE 71<3 9 AM7&
HMI AAA L} OAE @7 BAE A
Mobile, Wearable, XR(VR-AR-MR)
(Human-Machine Interface) AlES Aoz AAsE 7)|e
Physical to Virtual AA AL A 2 FHARE F359
v - e el T‘i‘ R IoT/Sensor, GIS/BIM/3D
(P2V) 7PEAAN gAE EY EdS AYsE Ve
i 7HEA AL tAE EQ 2Eg o] &3} ) . . L
Intelligence B4 o= A AQEE S s)e Bigdata/Al, Simulation/Optimization
Virtual to Physical TREAIAIL] B ¢S Ad HAHE daE
Robotics/Self-driving, UAV/Drone
(V2P) AAAG Wdss A%, FAs 7% §
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e <

hEs
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[ZE 41] 7}
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