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Path Planning for Agricultural Robots Based on Multi-strategy Fusion
Improved Ant Colony Algorithm

ZHAO Xiangyu ZHANG Housheng LIU Longhao YIN Qian WU Shiji
(School of Elecirical and Electronic Engineering, Shandong University of Technology, Zibo 255000, China)

Abstract: Aiming to address the challenges of slow convergence, low search efficiency, and limited
global search capability in traditional ant colony optimization ( ACO) algorithms for agricultural robot path
planning, a multi-strategy fusion improved ant colony algorithm ( MSFIACO ) was proposed. The
MSFTACO integrated a multi-layer vision expansion search strategy and introduced a non-uniform
pheromone initialization with an angular judgment mechanism. This mechanism assigned higher initial
pheromone concentrations to paths closer to the straight line connecting the start and end points. A
reward-punishment constraint was applied along the ants’ movement direction to enhance search efficiency
and precision. Additionally, an adaptive pseudo-random state transition strategy was introduced to
balance global exploration and convergence speed, while a smoothing factor was used to reduce turning
frequency. An adaptive heuristic information strategy was also proposed to ensure efficient convergence in
the early stages and effective global search in the later stages. The pheromone update rule was refined to
distinguish between superior and inferior solutions, focusing the search on the neighborhoods of promising
paths. The performance of the proposed algorithm, incorporating these five improvements, was evaluated
through experiments. Results showed that MSFIACO significantly reduced path length, decreased turning
points, accelerated convergence, reduced the number of path nodes, and exhibited strong robustness and
adaptability. These improvements enhanced the path planning capability of agricultural robots in complex
environments.
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Fig. 1  Grid method simulation environment

modeling and obstacle expansion
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Tab.2 Results of comparison experiment I
BRI
Bk PL—B/% PL—-M/% T 1) IR B PT-B/% SRR B
Ak T T s 22

MSFIACO 27.73 27.988 0.266 4 7 4

ACO 31.80 33.764 2.9262 12.79 17.71 17 58.8 78

IACO 32.00 33.260 0.8294 13.34 15.85 9 22.2 67

IAACO 28.63 29.505 0.7497 3.14 5.14 7 0 18

DYACO 28.63 28. 630 0 3.14 2.24 7 0 12

Dijkstra 29. 80 29. 800 7.46 6.08 9 22.2

A* 28.63 28. 630 3.14 2.24 9 22.2
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Tab.3 Results of comparison experiment II

. BRI S o f
o — PL-B/%  PL-M/% FmwE  PT-B/% BAVRE
A i P e 22
MSFIACO 28.60 28. 851 0.866 5 5 T
ACO 30.38 31.412 2.954 1 5.85 8.94 10 50.0 34
EACSPGO 30.38 30. 380 0 5.85 5.04 13 61.5 21
Dijkstra 30.38 30. 380 5.85 5.04 9 44.4
A 33.31 33.313 15. 50 13.38 9 44.4

S ek RN, 5 H AW A B4 L, MSFIACO & 32
TEVEZ ) A EVEREA 3 X R 78 5% o) B

TR R 3, A SCRE A T ik 4 FhAA 0
AR e B4 5 k50, 0% 61.5% 44.4% 44.4%  AE



%7 BT S ST L0 I Al e R A ) A HIL AR N B AR R K1) 359
g — MSFIACO — A* Dijkstra S—IYISIF\IIACO —TFACSPGO — ACO 501 o AED
S EACSPGO
N —— MSFIACO
™~
™~
.-
1
A || i
! i \ I
N '3
] \
] \
3\
| 1 | ')5 L 1 1 L 1 L Il 1 L ]
0 10 20 30 40 50 60 70 80 90 100
T T BAUEL

(b)

(c)

B12 X LS T v S b 330 1k X 7 A i 1 6 A Ak AR A 2

Fig. 12 Comparison of optimal paths and number of iterations corresponding to five algorithms in experiment [[

WS RE RN S48 3475 T MSFIACO [F)#E B — AL
P AR T ST, B3 MSFIACO 3k
BB AR Sl 28. 60, 8 25 1 T ACO \EACSPGO
Dijkstra A" 835 A XS Btk 3253 51 Ry 5. 85% 5. 85%
5.85% \15.50% . VA K JE Jy 28. 851, L B FH AL
T At B, AR XS el i R 4y 5 8.94% (5. 04% |
5.04% 13.38% %5 I i ik , MSFIACO £ fiff HR fif 45 #
R0 [) R e e B 1 At B3 3k TE ik L ABL B AR 3
3.4 LRI

AR TR 43 592 6 W) AR B A KRS [ v 52 R

2R AR BE S, ML, R 58 ACO ik L
BK[20 ] 42 it 89 DYACO %35 SCHR [ 27 ] 42 th i
MAACO 53, L R b 38 SCHR v 42 J2 9 MRCACO 5
EAE X IRAL, BT A7 5 AL HEAT T 20 IRE R
Yo g DR AIE S I8 AR 23 P AU A P (o A
K5 iR 22 i SOk B At 5 b e — 2, ROF 2 30 x
30, & IAHHE S FoR, Ae bR (0.5,29.5) , & il
#Eh T s, A bR (29.5,0.5) , Bk iR EN
TSGR AN 4 FronsS Bk AR M A
K13 ffros o

x4 WHIXBMER

Tab.4 Results of comparison experiment IIl
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Fig. 13 Optimal paths corresponding to five algorithms
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