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Research on Unmanned Truck Scheduling Optimization in Large Open-Pit Coal Mine Based on Digital Twin Simulation
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(1.College of Intelligent Manufacturing Modern Industry, Xinjiang University, Urumqi, Xinjiang 830017, China;
2.College of Mechanical and Electrical Engineering, Xinjiang Institute of Engineering, Urumgqi, Xinjiang 830023, China)

Abstract: Aiming at the problems of poor scheduling scheme, low utilization rate and high cost of unmanned trucks in large
open-pit coal mines, an optimization method based on digital twin simulation was proposed, and a digital twin system
framework for unmanned trucks was constructed. The digital twin simulation model was built by Anylogic software to realize
the real-time mapping of physical and virtual space. A mathematical model aiming at minimizing transportation cost.,
minimizing total transportation time and maximizing truck utilization was established, and a Quantum Enhanced Particle
Swarm Optimization (QEPSO) algorithm was designed to solve the model. The verification results of an open-pit coal mine in
Xinjiang show that compared with the traditional particle swarm optimization algorithm, the improved particle swarm
optimization algorithm and the genetic algorithm, the maximum completion time of the QEPSO algorithm is reduced by
5.84%-11.34% , the total transportation cost is reduced by 5.12% - 10.49%, and the truck utilization rate is increased by
4.32%-9.14% , with a faster convergence speed and better stability. The digital twin scheduling scheme shortens the task
completion time by 73 min compared with the traditional scheme. effectively improves the transportation efficiency. The study
provides a feasible technical path and method support for the intelligent scheduling of unmanned trucks in open-pit coal mines.
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Fig.1 Digital twin system architecture model

for unmanned mining car
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Fig.2 Digital twin simulation model flow for

open-pit coal mine based on AnyLogic software
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Table 1 Digital twin simulation model module definition
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Fig.4 Realistic scenario of scheduling and transportation in open-pit coal mine
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Fig.5 Twinning scenario of scheduling and transportation in open-pit coal mine

ek b g s o g4

2 PA¥HREHRFRAAET e &%
g N M SRR IE B H T2 2 50

2.1 Ilﬂtﬁjﬁﬂs Ziju K% fERFE] e R G RTH

8 KRBT TC N 2 8] JBE 0] AT 4838 Sy i 2 B 22 i R AR R R
b 22 s A I R 5 2 0 L A 7 ;f i *f;;;;;f; fﬂfﬁ/h

o C; i 56 4 B [

TR G125 W 28 380 e 48 48 DA B 4847 i
5 FRIR A DASE LIs S AT 55 . 0 B ok R b i 5 B A
n WK EMEEAT S E, W EESRETY
o AR X AR SR, T R R R S B R it
DA A8 R0 28 57 55 22 07 I R A R R L A 3k ) )
RS (1 (5 R 5 B 2 e R TN R AT 55 R
78S (SR

(D Frfa e RS Ji i 202 0] IR 4F 55

(2) AL R G — B LR AT 55 WA RE H BT

(3) [Fl—BF 20, 7] — & % AR X R — A5 2k —
W5 4 ATAE 55 5

(4 BTN R R R o 20 R Re kAT — A ME 55

(5) REMAE SIS )G 20

(6) & R 7510 FE 45 196 28RN 23 B FE 5

(7) %) W B 7 B R T B AR
22 HEEBES

BOEAR RS R UL 2,

2 BRAIERSREEY

Table 2 Main symbols of the model and their meanings

i P4
n FEHE. e {1, 2, ,n}
m Bedk mAE L, €1, 2,0 ,m)
k HIE R L€, 2,00 k)
Q R LERE TR /¢
v REFHEE/ (km/h)
a B R B AR AR/ (GT/km)
B BN I 8] S A AR / (5T /h)
dji RN BIH AR L IR/ km
ti K4 5 B 1 AYasEE /b
Ly $e B ] /h

Ly ) 2 0[] /b

WFFL L8 7% JE ER KA To AR 420 h i i ok
S8 T A] L 2R3 AR R 42 M R I 3 R R BE AR A
ST F bR pR B IR TR M T AL DR AR L B AR A A
He R TN R R AR HTR T 455071052
B A 77 3 S R A S ST AR L ) 29 SRR A

(1) dRe/ b iz g A S Xt i KR o R 4298
JEFEAT ALY SCREFE b o Foe /N az iy A 1 H A bR
Bfoh:

n m k
o :minz Z 2 Zadﬂf ijlt +
i=1 j=1 (=1 1
DB — Dt D
i=1

(2) S /M Rz Fi Iy 8] 2 S e i KIS JE R
FIBATHCRR RS bR . /MU R 4 Bz s
[E] i H bR R £ R

f» =min max,C; (2

(3) S KAL R 4 H A48 1Y BT AT £ 7801 5% R
T ENFERMAFREE, FRAAREM TR A
PReREL £

fs:maXLZUi (3)
noi—
N AR AT
n k
220 20w =1,V 4
i=11=1 1
yr'jl+21ijlz+zzzlz <1? VZ?] ol (5)
! /
Ci=tozy+t,.Visdot (6)

leijllt < z[xijzu ’ V]l <]2 (7)

ivlat il



R FATHFFAGAGRAERES RAAFTERAERAHFR[I]AF LB RLE T4 ,2026,46(6). 195

2 () +t; +t)x i

U =24 c WY (8)

T Yiorza € {0,11,C, =0,U, € [0,1] (D

LY (4) TR B A B B TAT: 55 0 B 5E W5
Y (5) KRR A [A) —wf ] H AR Ab T 5 — Ak
B R K (6) KRR AE 58 MG K 477 555
B 2R RoRALSF 50 b g, SERE N G, 5%
SECR A AR (8) FROR R AR CR 4 T AERS
[i] 1 3 By B B) 0 B ARD s 9 R0 (9) /oA R4
8 AR RS L3z i B 8] A 42 0] TR AR

3 ETHEMTER ML ERI

31 ETFHEENTHACERRE

i3 Rk B 1L 5% (Quantum Enhanced
Particle Swarm Optimization, QEPSO) & 7& 1% 4t
KL REOLAL S (PSO) il |, 5l A FitE iy
TR S AT R — MR BB B . TEfR S
PSO v 38 o R A A B 0 ik 0 4 Jmy B A it R
ST 7 RN R R, G A6 R R E A SR 106
FE BRI, T 7E QEPSO Hr, & AR H i ok
FoR o BT AL AR 2R 75 R AL TR [RDIR 2 Y T
REPE X AR AR R b B A B E 52
P 0 B iR 119 42 Jm 48 2R Ak

LY HE A B i T AR (qubit), — AN
FHETTUERR I @) =al0)+p11), H o) 1h#E
R o« MBRELWL o P HIB1P=1,10)H[1)
JEMANIER AL . B TR T A TR A
E R NEC RSP P T e R DAL A S S MR A Rl i1
BB
3.2 HiERmaERit

A S 7 A BAR AL ER,

A LA S B BOE R RE LB N, Rk
FRKEL T s 5 TAL W) LR AL R ME o A1 B 38 ) 4
e 102 BRAEASRL T HT AR AL T 100 1) ) 55 41
REMA . [RIE AR HE AR 29 04540, 0 R+ 19
G fith 75 2B 8 IR TC N R 42 A B[R] R Y ke O A
N AL

PR 2% & i R HEAT I B AR AR B ALY
R 2R R 2 R 1Y S PR 7 &, BIRE o F  HR  4 hy
A B ) 80 Y AT AT A

AUR 35T H bR R BOT 5 AR Y Y

TEAR U, 255 2% B K 58 TR ] R G ymFE R -R
R T R E R
/ £ Fonn— 1
From O o T o
(10)
A iw, vws vwy INERLH w, tw, +w, =1;
1 RBEEA S [ B E/DNIB A, T £ R
B HTETTE] S f o MR/ N BB HT BT R L By £ SRR
FHZR S £ amin T f s 2351 R R 22 ) 2R 08 f5 /DM A
KAH.

AR AN AR T Y AT A Y A Dy s AR
DAL E AT X b o BB A A S5 O A 5 0F T LU 3 BT A k1
T8 N A S BT 4 SR B AR R

BRSOk & e i 1R & 6 1 A 5 e ok
FPEER . T HERE I TR e SE /1 B A0 (rad) AR 24 A
BT 5 AR S 4 Jay B A 0 67 O R il o LB

AN
{a;".fl} {cosA@f,\ sinAﬁ,,T__l {az'ﬁl
— (1D
B! sinAff,  cosAG!, ||BL,
Krpa MBI HE T UGEREEE r DR s fi
AL ARE s A0 A T UGEAUN 2R » AR T
55 s BT BERE M
YR 6.0 FARTT S 2 /E. S TS IMBEE R
ZFEME RSB AR B AR S DA — A 3R 6 A
i FARTTHAE . AR T A9 /E R i 0 A AR

S H
ary! 0 1][ar.,
= (12)
L??.Tl} L 0} L?T}

AR T < A T TIUIRE Y i Rk AU B i
M2k A6 00 W B ks A7 2 0k 0 i il 2 Ry fe ALt 5 5
I i ]2 B 2 Ak skt

i oL A SRR e 5 A AT T
B B R TS I 5 2 JEALH] AR T RES TR R
2% ) aod A v [R] A P 3% 22 A DX, DT A2 35 42 T 42 )
WRAE T SWCSOE B . b T e R T e A% fh
JE AR KL T 5 R DIC A 1 075G AR 1 3 IR R L RETE
PEAA] S0 59 5 4 R R AR I B e R TR R
W Ab 38 e ST B A S R PR R B T[] I Ak B
5 T IS IE] R AR AR 42 A TR 3 AN A H AR I
AR 28 K00 98 B L 53 T IV A ) B 30 3 5K
TSR AR AN 6 PR

F=w, X



196 g LB R S5 A

2026,46(6)

T8

HERFHRIAMALRTS
2% N, Toaer @, f

v
BT AT
RAEE— BT
v
| BERKS =0 |

ry ¢
A 4 §
| BFWE: BTG TR |

WEENEE F
BB Do

EZLE I

| BT RME: EHEEE |

6 EBFIBENTFHHEZIRE

Fig.6 Quantum enhanced particle

swarm algorithm flowchart
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Table 3  Solution results
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Fig.7 Comparison of convergence curves of the algorithms
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Table S Production scheduling data for one shift
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Fig.8 Gantt chart of traditional scheduling scheme
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Fig.9 Gantt chart of digital twin scheduling scheme
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Fig.11 Histogram of average task time for digital

twin scheduling dispatching scheme
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