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[ Abstract |

rain in hilly and mountainous areas, an improved grey wolf algorithm based 3D path planning method for mobile robots was proposed.

To solve the path planning problem of mobile robots in complex orchard environments such as irregular and rugged ter-

By simulating the actual geographical environment, a three-dimensional orchard terrain and obstacle model was established, and a
path planning objective function model was structed. By introducing the sparrow search algorithm (SSA) the initialization method,
convergence factor, local search ability, and global search ability of the standard grey wolf optimization ( GWO) were improved.
The simulation experimental results show that the proposed algorithm has the advantages of fast optimization speed, optimal path
planning distance, and fast convergence speed compared to other algorithms, indicating the effectiveness and superiority of the
proposed method.
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Table 2 Experiment 1: Comparison of various
methods on path length objectives

MEorg: BAME RORME B hRiE2R ¥E
ACO 149.666 3 191.458 1 41.7918 15.597 0 168.948 4
PSO 144.714 3 189.8517 45.1374 17.763 0 167.063 6
GWO 140.8393 184.3135 43.4742 15.7357 159.8855
SSA 141.8269 214.2755 72.448 6 24.3029 171.594 8

SSA-GWO 134.5713 176.949 1 42.3778 15.0146 158.054 5
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Table 3 Experiment 1; Comparison of energy
consumption targets among various methods
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SSA-GWO 874.3175 1150.169 1 275.851 6 88.513 5 998.321 3

FH % 2 A0, 7ESE — Y — b R A8 T, SSA-
CWO BILTE AR K A EE 22 E P ME
HIFREZ LT ACO . PSO .GWO (SSA Bk, HAHIL
T ACO . PSO ,GWO Fl1 SSA 4k, A SCHE H ) SSA-
CWO B 3 0y i B 2 2r W 46 58 T 10.12%
5.15% 4.5% F15. 15% , (BFEMZE(E 05 b, A<
SCHE H B E SSA-GWO AL 1Y 45 R ELIE 25 F ACO
Bk, HIHAb YRR | SSA S AR X T HAh L
(RS i e S =

ASCHBEE Y REFE S AR K AR A C, R
3 Al A1, SSA-GWO ik T & Ik B8 #E ZU{E AH L T
ACO .PSO . GWO Fil SSA B3k, - BIFEAR T 10. 12%
5.15% 4.5% 5. 15% , 45 508 WA A SC ek iy
Bk SSA-GWO TE L6 — FIrid & 1Y — 4E 3R 58 T oK i
HLAS A AR R 7] LA A B RR,

20

18 56 S

16 /5 \g/ N

14‘%2 - —H
! _

y/km
ANEEN
|

2| \w
|
8 =
6 1 D—ef—1— et
4
[
: 1 |
5 10 15 20
x/km
(b) BRI
Ko Se— . IR L AR LI 25
Fig. 6 Experiment 2 Path planning results of
five optimization algorithms
175 £ — ACO
PSO
L — GWO
170 SSA
—— SSA-GWO
165 .
160 - L
m
£ L
= 155
g
150
145
140
|350 5‘0 1(‘)0 1;0 2(‘)0 2%0 360 3;0 4(‘)0 4%0 560

HEARYCH
BT ses kg

Fig. 7 Experiment 2; lterative curve chart

ML . www. stae. com. cn



2025,25(3)

REW], A S TRt PRSIk iR sl ae N =4 A2 ML A 1131

W7 Frs 1892068 5 B S R ) = 4
HiE R85 T, SSA-GWO BILTFEIEAR T 48 W T4k
P ARAA, /D T Hoph DU R 2 SR U I AR 4R
REZ N IR T, AR SCHE A CEE SSA-GWO
BIEMKARA R, [FFE, 4T 30 K G050 1 B
IME B RAE W25 AR 22 IEIR 4 £S5
Jiis

®4 FR_.RAFEBREKEBHRLHILER
Table 4 Experiment 2: Comparison of various
methods on path length objectives

MRk B/ME RO MEM pRiEZR B

ACO 141.789 5 195.5316 53.7421 16.5302 161.349 4
PSO 145.238 7 190.062 7 44.8240 16.2062 161.634 8
GWO  140.640 5 185.5469 44.9064 14.762 7 151.549 2
SSA 143.614 7 200.142 3 56.527 6 17.5925 172.176 7
SSA-GWO 138.686 8 187.193 8 48.507 0 15.2193 157.028 5
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Table 5 Experiment 2: Comparison of energy
consumption targets among various methods
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PSO 944.051 6 1235.4075 291.3559 101.9120 1067.779 8

GWO 914.1632 1206.0548 291.8916 98.976 0 1 002.602 6

SSA 933.4955 1300.9250 367.4295 109.1228 1 130.101 6
SSA-GWO 901.4642 1216.7597 315.2955 96.1434 1 038.696 3
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Fig. 8 Experiment 3 Path planning results of
five optimization algorithms
F6 LU= .BAXEREKEBRLHLEER
Table 6 Experiment 3: Comparison of various
methods on path length objectives
MR FoME BRME WEE bR ¥fH

ACO  180.7574 265.1705 84.413 1 26.8453 218.1328
PSO 177.729 2 282.833 4 105.104 2 32.400 6 234.666 6
GWO 176.888 2 263.0176 86.1294 26.903 3 217.2953
SSA 174.5129 277.0057 102.492 8 29.536 1 223.248 3
SSA-GWO 169.421 2 266.9059 97.484 7 26.2822 216.027 8

R7 IR=.BHEEEFEERLALE
Table 7 Experiment 3: Comparison of energy

consumption targets among various methods

P svMi R W2EE beilis i1

ACO 11749231 1723.6082 548.6851 176.1745 1483.8426
PSO 11552398 1838.4171 683.1773 205.163 0 1 586.785 1
GWO 1149.7733 1709.6144 559.8411 176.5195 1479.4307
SSA 1134.3338 1800.5370 666.2032 191.531 4 1 517.666 5
SSA-GWO 1 101.237 8 1734.8883 633.6505 172.5509 1 470.607 1

H2e 6 & 7 nl I fESE 50 = ik i &2 2% — 4
KRB T | SSA-GWO BILTE AL K FIBERE 1Y
e AEE S8 R bR oE 22 2948 F ACO ., PSO ., GWO |
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