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Research on Two-Layer Transportation Path Planning for Complex Terrain Environments in
Mines Based on Improved A" Algorithm and ISSA
WANG Xiaofei', YU Xinhong*
(1.School of Information Engineering. Zhoukou Polytechnic, Zhoukou, Henan 466000, Chinaj;

2.Quanzhou Institute of Equipment Manufacturing, Haixi Institutes, Chinese Academy of Sciences, Quanzhou, Fujian 362000, China)

Abstract: Current path planning algorithms for mine cars generally suffer from low search efficiency and excessively long
planned paths when navigating complex mining terrain. Developing highly efficient and precise path planning methods has thus
become a critical issue requiring urgent resolution. An innovative two-layer transportation path planning scheme was proposed.
The upper layer employed the improved A" algorithm to initially plan the paths between nodes, while the lower layer utilized
the improved sparrow search algorithm (ISSA) for overall path optimization. This ensured the minimization of energy
consumption and cost for the overall path, aiming to achieve efficient and precise mining transportation path planning. The
results show that the two-layer transportation path planning scheme based on the improved A" algorithm and ISSA not only
realizes the minimization of path energy consumption, but also minimizes the path cost, effectively enhancing the efficiency and
safety of path planning. In the path planning process, the proposed scheme by the research institute will not be affected by
obstacles, there will be no situation of taking a detour. and it can reach the destination along the shortest path. It has excellent
obstacle avoidance and shortest path planning capabilities. Moreover, in the three-dimensional topographic map of the mine
with complex terrain, it can quickly solve the target function value with lower energy consumption and lower path cost. The
shortest transportation distance obtained by the two-layer transportation path planning scheme based on the improved A~
algorithm and ISSA is only 3 125.36 m. The cargo damage cost, transportation cost, and carbon emission cost are 1 028.63
yuan, 3 968.57 yuan, and 335.18 yuan, respectively. and the transportation time is only 1 836.39 s. All these indicators are lower than
those of the mine transportation path planning scheme based on the genetic-ant colony reinforcement learning algorithm.
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Table 1 The average number of iterations and search

nodes under different dynamic weighting coefficients

MR IR PR | B PR PR
Aw  WH/R TEE/A| Aw  WE/K TR
0.1 150 1246 1.1 96 869
0.2 145 1187 1.2 102 904
0.3 140 1164 1.3 109 928
0.4 133 1144 1.4 115 1082
0.5 131 1121 1.5 124 1104
0.6 126 1101 1.6 139 1269
0.7 119 1028 1.7 147 1347
0.8 114 1001 1.8 151 1396
0.9 110 985 1.9 169 1458
1.0 105 921 2.0 184 1591
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Table 3 The influence of different values of A on the objective function value of ISSA

Y5 A SEZ IR X T8 T e 22
0.5 7.856 93E+02 9.582 63E+02 8.432 423E+02 5.697 41E+01
Y1 1.5 5.548 53E+02 7.028 96E+02 5.265 23E+02 5.223 46E+01
3.5 6.382 62E+02 7.869 31E+02 6.793 38E+02 5.963 17TE+01
0.5 11.428 263E+02 1.369 38E+03 12.938 22E+02 5.469 25E+02
Yt 2 1.5 9.158 25E+02 1.036 95E+03 9.596 87E+02 5.266 95E+02
3.5 10.583 91E+02 1.247 56E+03 10.938 52E+02 5.843 46E+02
— SSA ————  [BOA SSA e IBOA
IGWO ISSA IGWO ISSA
* R * 29} * R * AR
20 1 TT1T | T 20 149 -
5 : 1T : . - ]
—H : 1 - LN -
15 ‘——- - 15 1
[ ! =
- 11 - .- I
1 - 1 -
5 1 L T 5 H T
i 1 1 u -
- 11 1 T
- 1 | .
1 8 1 |
1 5 10 15 20 25 30 1 5 10 15 25 30
X X
(a) &1 (b) HE2
B8 AEFIEMBEEMAX
Fig.8 Path planning for different scenarios

BFFEHE— 22X He T A [A) 3k AR AN ) 37 5t e A ML
g B A 2 X L SR ANEL 9 s . Ho i £k

5

14 H b o B A 3R AR AR 15 il 438 A A 9 A B

AR
B e SSA
. — — IGWO
2 4-\ e ; — - — - IBOA
® Yeeee, ) BN oo
x . _\ ______ ISSA
h\m L
St . — o
S e
= Eane ISEoE b e oo
I R
0 . r y ' )
0 20 40 60 80 100
BEARRE/ R
(b) HE2

9 AEFFBEEML P EEN 2

*‘ .......... SSA
;; 4 _‘ ______ — — IGWO
2 L — - — - IBOA
;\; 3 ‘\ — == [SSA
o . s
é\[ 2 ol N
i®Z |
s 1k Y — e — s — s — — —
R s g g
0 : v ! : )
0 20 40 60 80 100
HER KRB IR
(a) =zl
Fig.9

Hi T8 9 Cad m T, 7R3 5 1 B B AR LA, BF 5
Pt ISSA AR AR R 13 W7 47, o H 5 bR K B
BTRE., ZRERINBRELS S FIBKRERK
JE BEAE | Al 458 ARG 1R[] AR 25 [ 3R i AR AR A

Iterative curves in path planning for different scenarios

i K 5.094 55E+02, %
IIN S FER B AR PR B 25

UL AR AU R

REk4r . ML S SSA

T S0 2 AR R B 35 48 W, HLER A H i pR
ik 2.365 81E+03, IGWO %8 % 39 IRA L IR



238 g LB R S5 A

2026,46(3)

ST 1.856 43E+03., IBOA LAY E 30 ksl T
1.253 65E+03, X 3 At H B3k 09 H b5 ok BUE
KT ISSA R B m B A2 A0 . B 9(b)wf
HLTEG 5t 2 By B AR AL b, A 58 82 Hh Y ISSA %
& 15 WA A H B bR R £ B U 80 T 9.853 64E+
02, T IGWO 5 IBOA fy ik 8i 3% 18k £k 43 51l = ik
39 K .30 IR, B b bR BUE 43 51 53K 1.952 84E+ 03,
1.713 69E-+03, ¥ T ISSA, fESL PRI FH o L i1 &
BEUR T ] A 2 G N R . ISSA 78 W A3 5t
P41 3 B AR R 1 W SRE T s 38 AR R B0 D T A X
PeB . X UEHT ISSA RE % T8 P b £ At 55 f0 i 72
R 5 28, WD T R L B R R G Y S R A
M 7 3

A 9 AT B AR AE AR 5 i B AR

PREE . o AL E AR A 5k A B b i
H A bR B G M I 25 {0 O 29 5 b v 22 WL 3% 4.
MR 4 ATLLFE B 58 48 th 1 ISSA 7 A [A] 37 5 v
AR H AR R BE AT AL . s 1,
ISSA () e A AL N 5. 461 48E + 02, 1 SSA,
IGWO.IBOA 43 %l & ik 2.134 68E+03,1.952 36E+
03.,1.259 47E-+03, W] & & F ISSA, [A#], ISSA 1)
S S AR MEZE 4> 5 5.819 45E+02.5.932 5E+
01. WAL T HAMR L, a5 2 o, ISSA ) H 5
R BT B AL K 9.633 61E+ 02, 1 SSALIGWO,
IBOA 43 %] &5 ik 3.689 27E+03,2.596 47E+ 03,
2.361 75E403, ¥ T ISSA, X B ISSA 75 A [A]
82 B 5 AL E AR ek B, 2 B
AL BE T

®4 EVEEEFRBRPHBREHE

Table 4 The objective function values of various algorithms in different scenarios
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Fig.10 Path planning schemes of different algorithms in 3D topographic maps of mines
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Fig.11 Iterative curves of different algorithms in 3D topographic maps of mines
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Table S Comparison results of different transportation path planning schemes in mines
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Table 6 The effect of path planning under different complexity terrains
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Table 7 Convergence time and distance under different initial distribution modes of nodes
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