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Improvement of Dynamic Programming Method Based on Ant Colony Optimization Algorithm and
Efficient Mining and Stripping Plan for Large-Scale Open-Pit Mines
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Abstract: To improve the efficiency and accuracy of the mining and stripping plan for large-scale open-pit mines, a dynamic
sorting of mining increment bodies ( ACO-DP) integrating the ant colony optimization ( ACO) algorithm and dynamic
programming (DP) method was proposed. Combined with the distributed search mechanism of ACO, the state transition path
selection strategy was reconstructed, which significantly reduced the computational complexity. Through its practical
application in an open-pit quarry in Guangdong, the significant effects of the ACO-DP method in improving the efficiency of
mining and stripping plan, optimizing resource allocation and enhancing economic benefits were verified. The results show that
the ACO-DP method shortens the planning time of the quarry from 3 000 minutes to 6.45 minutes, with an efficiency
improvement of 99.8%. The stripping ratio is optimized from 0.39 to 0.124, with a decrease of 68.2% , and the net present
value gradually increases from 244.99 million yuan to a peak of 253.93 million yuan. The ACO-DP method can be integrated
into a mine digital twin system, supporting real-time dynamic adjustment and multi-objective collaborative optimization, and
providing a new idea for intelligent mine planning under the “double carbon” goal.

Key words: Large-scale open-pit mine, Optimization of mining and stripping plan, Ant colony optimization algorithm, Dynamic

programming, Dynamic sorting of mining increment body
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Fig.1 Matrix structure of mining body

5 =20 AR C L S T A SR g HE THAY A 2
PRI X C s 1 AT B A T RS
AR AL T A 180, Bl L DLER 1 80 D Sk
B C A e P4 B S PR G A 1 5 18R
G TRl IS AR 1 8 B9 2 1 AT R R B
BA%ET AP RGN FEARIC . ol T 5 220
ARA R, Ik B O vk, AT LR OR B AR AY D
A1 B (RIS 2 A7 e 1D o B SR I i 2 F Y
ST AP A R RR SR RN A i T —
AR

VU R AR AR . A 1 A
PR b BLAY BT A SRR 3 R R 5 R PR AR L
1325 2 AN I R b A 5 i B A, 0 IR 45 5 R
PEbRIC N 25 KR HE, B TH R A W B R
L) 8

BIAL A C P e R R IR A 2P
TG F R EE R . S AR AR 8. EF
e AP R AR A S 5 5 S g, &
RN SEENRER R SO SN b g Rl
RYUAR) BTN T AP B A B2k,

SN R I A A g S AT B R . T
i A S ) 0 R A A6 e AR CEVAED o 4 e ) TS B
TSR G e 388 K 2 DA ity 57 i 5 F) 3 R AT 0 L DR I
TR S BT RS B R B S R A 5 A
SN 1L TTER 1 AR A 1 A T g S R O B
IRAEL S DT i A2 184 e A 8l 285 HE e T F 550 b B B3l 20 19
1.2 EEE&IHEHF

i g b A PR AR T R 3 A 8 2 A R
FH 3 A 1] BRAE Ak D - 4R 0% 7 51 T 8 dee A 5
BRIV RE fif I LA TR T SR 4 A0 DL RS



54 ok B R 5 A

2026,46(1)

A e BE IR B ok

o i DA )L B T SR AE AR (P Py e P
e S5 e 2 A A il e, 200 AR B R s B BE CRITIT SR )
6] B AR bR s RS i & A S0 K 2
P . 12 s 2R W SRR He 7% L BIE By BOAR
B R = BRSO E, thT RO IR IFELAR
A EBEAS BT B RE AT — B BEE /N IR 25 e 78 2 4
KRS | DUl fs 7= s LI R R0

B2 FRESENSHRE

Fig.2 Dynamic sorting of mining increment body
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Fig.3 Three-dimensional mine model of an open-pit

quarry in Guangdong Province
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Table 1 Comparison of sand and gravel volume

between geological survey and three-dimensional

model under different weathering types
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RUZSS @%gfj%ﬁmg @Egjﬁﬁ m? %2%%
HRZ 163.6 159.85 —2.29
EKia 1554.6 1420.75 —8.61
AR 970.1 959.20 —1.12
KAk 5 669.7 5 709.60 0.70
Gt 8 358.0 8 249.40 —1.29
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Fig.4 Block model of the to-be-mined area of an

open-pit quarry in Guangdong Province
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Table 2 Technical and economic parameters of mining area
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100 15 14 1100 1150 1 200 960
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Table 3 Block centroid point files with “mining time” attribute
X Aebr Y A br Z MR HRBERE/(m® - g 1) ALY Hirk% /(GC/m*) TR B[]
427 087.50 2 603 487.50 118.75 2.00 2 20.0 2010 4F
427 087.50 2 603 492.50 111.25 2.50 3 75.0 2010 4F
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427 087.50 2 603 502.50 113.75 2.63 4 210.4 7 4E
428 860.00 2 603 450,00 152.50 2.63 4 210.4 16 4F
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Fig.6 Variation trends of stripping

volume and stripping ratio
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Table 5 Comparison of optimization effects

under different mine types

W1l R H A EL A /min

b DP ACO-DP DP ACO-DP
KA 0.39 0.124 3 000 6.45
BB 0.52 0.180 3 480 7.84
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Fig.7 Calculation results of the mining and

stripping plan with different algorithms
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