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Optimization of Ore Extraction Strategy for Open-Pit Mines Based on DPRS-NSGA- [[[
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Abstract: The production of open-pit mines is affected by geological fluctuations, and traditional methods are difficult to
effectively coordinate multi-objective ore extraction strategies. Aiming at the uncertainty of ore grade and unit mining cost
during the extraction process, a multi-objective uncertainty optimization model was constructed with the objectives of
minimizing unit cost. maximizing total extraction amount, and minimizing the standard deviation of grade fluctuation. The
Monte Carlo method was used to simulate the random variations of geological parameters. To improve the stability and diversity
of the solution set, a dynamic reference point perturbation jumping mechanism and an adaptive scaling strategy for the objective
space were designed and embedded into NSGA-[[l , resulting in the DPRS-NSGA-II[ algorithm. A case study was conducted on
a large-scale molybdenum mine. The results show that the DPRS-NSGA- [l algorithm increases the total ore extraction amount
by 2.03% , reduces the unit mining cost by 2.17%, and controls the grade deviation within 0.005 percentage points. The
obtained Pareto solution set is uniformly distributed in the three-dimensional objective space, without abnormal clustering or
collapse. The research results demonstrate good adaptability and practical application value in addressing uncertain factors in the
ore extraction strategy of open-pit mines.
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Table 1 Basic parameters of each ore extraction point
o TFR A9/ AR L/ it A 41 i 2/ A Hb BT fi i/ KA WA/ oAb Wkt e/
e d % % t B/ (/0
1235~1 255 m 30 0.111~0.127 0.117~0.125 641 880 47~64 12.5~15.6
1 340~1 355 m 30 0.131~0.150 0.131~0.152 1022 040 44.5~60 12~17.4
1355~1370 m 30 0.144~0.156 0.139~0.158 396 080 44~58 13~17.2
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Table 2 Parameters of the DPRS-NSGA- [ algorithm
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fluctuation and scale adaptive mechanism
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Fig.3 Pareto solution set of the DPRS-NSGA- [ algorithm
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Table S Comparative analysis of optimization results
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1 I 1 t B/ [CONER =9 % IR/ %
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R ZIFRRE/ % 7.80 4.20 12.00 2.03 2.10 — 9.60 2.47

3 i R R T Rl G SRR R I AL 2 B AR AN i PR

AR 3 o A M 5 2 B RE AL L S B A AR

(D BEXF 88 KA WA 5 AL 5 R A0 A B s8] A ™ B A 7 I 22 59 sh A U R AL 1E



58 g LB R S5 A 2026,46(4)

(2) RNETZH p B 5 Hira M A

I3 9 45 L DPRS-NSGA-TT %3k . 38 i 4t 8 Bk Bk

BIL ) 5 B = #4894 SR A 4 5 IRUE s o A SR s 3% Al

H b 4 fii s 5 1% 58 NSGA-II 55 3% # 1, DPRS-

NSGA- [l 5832 75 fif 45 22 R P2 ) 5 W SO I 1w 5%

B
(3) B JH 5L 5% B, DPRS-NSGA- I 5 12 fifi &

W BT 2.03 00 FRALET A7 A AR 2.17 06, s

P 22 5 I AE 0,005 A 40 5L BL L A7 H AR 38 iR

PR 97.3500 il HE O AT REAR AT oK B S R

LIRS, B BRI rg e AeidE ik .

2 % LK (References) :

(1] HEAWIL R R R R B AR T 22 2 5K ws B 52 L) ] R AT
4 )8 ,2021(2) : 71-72.

CHE Jianming. Research on mining technology and safety
strategy of open pit mining[ J]. World Nonferrous Metals,
2021(2):71-72.

(2]  SRBHBH, BUPESE. 25 & 8 PR RE AL 88 KR SR W 43 AT () . 58

KR H A ,2022,37(3) :52-55.
GUO  Yangyang, ZHAO Chengrong. Analysis of
comprehensive management intelligent open-pit mining
strategy[ ] ]. Opencast Mining Technology, 2022, 37 (3):
52-55.

(3] F¥H, EJF, E AR RE R 08 W A B A PR 5 0 e =X

(). TH A 81k . 2025,51(3) : 1-8.
FU Xiang, WANG Kai, WANG Ranfeng. Connotation and
application paradigm of intelligent mining data intelligence
enabling technology[]].Journal of Mine Automation, 2025,
51(3):1-8.

(4] B ZEE B EA, . 4 8 1R 5 1L R = 5 R iy
FrRE S AL TARRL 22 2441 . 2023.45(5) :693-700.
HOU Jie, LI Guoging, XIU Guolin, et al. Optimization of
capacity continuity during the deep-area transition for an
underground metal mine [ J ]. Chinese Journal of
Engineering,2023,45(5) :693-700.

[5]  Z R4, EEMk, £, 5 T &m0 A BB 1e o

EFELT] o K%M CA SRR M0 . 2013, 44 (7))
2875-2880.
LUO Zhouquan, GUAN Jialin, WANG Yiwei, et al.
Production scale optimization determination method of
underground metal mine [ J]. Journal of Central South
University ( Science and Technology ), 2013, 44 (7).
2875-2880.

(6] WAl 88 K i Ay 2 2R 0 Be 4R 40026 2 O Ak O vk B T

WFELD] KW g K, 2007,
YANG Shijiao. Studies of swarm simulation biology
optimization for production scheduling system of open pit
mine and its application [ D]. Changsha: Central South
University,2007.

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[16]

ERRT LT Multi-agent 3 AR B8 K010 4= 7= 4
AGEM ML BT EEARS A Zh.2013.32(2):21-26.
HUO Xiaoyus YANG Shijiao. Optimized implementation of
open-pit mine production scheduling system based on multi-
agent technology [ J ]. Computing Technology and
Automation,2013,32(2) :21-26.

WA TIIE 25 58 L A% IV L A5 TR B Sk AR A e o 82 R R
FAAEAE TR ] AL 5B K 2% 4 42, 2013, 35(4) 1 537-543.
HU Nailian, LI Yong, LI Guoging, et al. Optimization of
open-pit-mining operational planning by using a particle
swarm algorithm[]J]. Journal of University of Science and
Technology Beijing,2013,35(4) :537-543.

JB A By e, A AR R L A A 0 AR 7 R R
SO Tl T 5458, 2020, 25(1) :38-52.

GU Qinghua, MA Long, LU Caiwu, et al. Long-term
mining production scheduling model and optimization
algorithm for open-pit mine enterprises [ ] ]. Industrial
Engineering and Management, 2020,25(1) ; 38-52.

JBEAE, BHLL, AR 2R REE R 2 H bR R
DA T RS SR i 30 [0 ). & B 7 111, 2020(4) £ 147-153,
GU Qinghua, LYU Yanhong, LU Caiwu, et al. Modeling
andalgorithm of multi-objective production scheduling optimization
for multi-metal open-pit mine[J]. Metal Mine,2020(4) :147-153.
R AR AT AR 7 3 R i kL R O R e [D)L R
T RS, 2021,

ZHOU Sengi. Research on improved particle swarm
optimization for mine production planning [ D]. Tianjin:
Tianjin University,2021.

BAMIR , EA4, Bk 3 R B I 2E P TR 3D AT R Ak g i 4
ARLITHE B4, 2007 (9) :930-933.

HU Liuging, WANG Liguan, BI Lin. 3D visualization
system based production plan scheduling of underground
mine[]]. Journal of China Coal Society,2007(9):930-933.
JRRAR AR I 2% s, 4 5 B 1l AR 7 R R 1L
W75 TR R L) 0.9 58 5 91 %, 2011, 31(6) : 79-82.
ZHOU Yaodong, ZHAO Yiqing, LI Zhongxue, et al.
Optimization research and engineering application of mine
production planning based on simulation [ ] ]. Mining
Research and Development,2011,31(6) :79-82.

o e B T, X O, AL T SR B RS AR M T
AR D] & m T . 2012(11) < 116-120.

YAO Xulong, HU Nailian, LIU Dabin, et al. Optimization
of underground metal mine production plan based on
heterogeneous data integration technology[ J]. Metal Mine,
2012(11):116-120.

NS B L BROBHAR L 25 7, 450 L0 30 A R Ak 1 £ H B
AR T IR ] & m AT 1, 2018 (11) : 25-30.

YE Haiwang, OUYANG Jian, LI Ning, et al. Multi-
objective genetic particle swarm optimization algorithm for
the short-term production planning in a mine [ J]. Metal
Mine,2018(11) :25-30.

TR B, £ FF AT 2211 45 B T O a8 05 0 0k 1 IR SR T R
AT S LI MW 5E 5 FF %, 2024, 44(2) 1 28-32.



. ¥ .4 F DPRSNSGA-l 49 & X 7 h 5~ KgAK AL[J]. A" L AF 5 5 - £ .2026,46(4). 59

[17]

GU Xiaowei, WANG Kaituo, XU Xiaochuan, et al
Research on mining plan optimization based on improved
genetic algorithm [ ]J]. Mining Research and Development.
2024,44(2):28-32.

A LA e B AR LU FF SR A 7 ) 8 AL Ak SR s [ .
B k. 2024(2) 1 76-78.

LI Zhaopeng. Optimization strategy for mining production
scheduling using artificial intelligence technology [ J ].
Xinjiang Iron and Steel,2024(2) :76-78.

[18] ESMAEIL Rahimi, EHSAN Moosavi, REZA Shirinabadi,

et al. B WA = THRIL AL 3 00 L FF SR A RE 19 3t B fie 24 Bt PR
(3£3¢) [J 7. Journal of Central South University, 2018, 25
(6):1475-1488.

ESMAEIL Rahimi, EHSAN Moosavi, REZA Shirinabadi,
et al. Optimized algorithm in mine production planning,
mined materialdestination, and ultimate pit limit[J]. Journal

of Central South University ,2018,25(6):1475-1488.



