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Multi field path planning method and experiment of agricultural
robot based on improved ant colony algorithm
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Abstract ; [ Objectives ] In response to the impact of fragmented fields and obstacles on agricultural robot operations in hilly areas,
this study aimed to propose a multi field block path planning method based on a combination of improved ant colony algorithm and
A" algorithm. [ Methods ] By using drones to construct remote sensing images of farmland, using grid method to model the
environment of farmland ,and then dividing and merging sub regions,a region heuristic function was introduced into the ant colony
algorithm to distinguish the movement costs in different regions. The pheromone update method was improved by manually increasing
the concentration of pheromones in the optimal path and establishing an adaptive pheromone volatilization coefficient, in order to
solve the optimal traversal order of job sub intervals. The A" algorithm with heuristic search function was used for sub region
connection path planning,ultimately achieving multi field path planning. [ Results] The MATLAB simulation test results showed that
when the number of sub regions was 40, the average path length planned using the improved ant colony algorithm was reduced by
3.19% compared to the traditional ant colony algorithm,and the average iteration convergence number was reduced by 79.5%. In the
path traversal simulation experiment, the coverage rate of the agricultural robot’s traversal path could reach 100% , and the path
repetition rate was 6.48%. The effectiveness of this method was further verified through simulation experiments of natural
environment using remote sensing images of agricultural drones and field operation parameters. [ Conclusions ] The method proposed
in this study could effectively solve the multi field path planning problem of agricultural robots in hilly areas, and provided path
reference and technical support for large-scale operation of agricultural robots in hilly areas.
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Table 1 Path planning results of different areas before and after the improvement of ant colony algorithm

T R RS KB/ m R R AR K /m SRS SR BRI AR SR A

Number of sub Average shortest path Average shortest path Average iteration convergence  Average iteration convergence
areas length before improvement length after improvement times before improvement times after improvement
20 8 915.6 8 786.6 39 6
30 11 709.4 11 427.4 57 10
40 18 214.7 17 632.9 112 23

c. BLUER k7 Simulated annealing algorithm d. (557 Genetic algorithm
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Fig. 7 Four path planning algorithms for solving the optimal traversal order of 40 sub areas
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Table 2 Comparison of four path planning algorithms in 40 sub areas

Tk PR AR K /m e Pt g Ly
Method Average shortest path length Optimal traversal order
LGRS P 35-24-36-15-7-6-8-6-38-10-11-12-13-18-19-5-23-22-20-3-40-
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(UG T =R/ 17 632.9 35-24-37-28-14-1-2-16-17-32-29-30-4-31-39-9-27-25-33-34~
Improved ant colony algorithm ’ 40-26-21-3-20-22-23-5-19-18-13-12-11-10-38-6-8-7-15-36
[ ERIED SRR 20 836.1 35-24-36-15-37-28-17-32-19-21-40-34-26-33-25-27-9-16-2-12
Simulated annealing algorithm ' -13-18-3-20-22-23-5-31-39-4-30-29-14-1-11-10-38-6-8-7
WAL 2 3817 35-24-37-28-1-7-8-6-15-38-10-11-12-2-14-32-4-30-5-22-19~
Genetic algorithm ’ 20-3-18-23-25-27-33-26-21-40-34-9-39-31-17-16-13-29-36
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Image of farmland acquired by UAV according to route Orthographic image generated by 2D reconstruction
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Fig. 11 The building of farmland map
B 11-a F A SACETANAERAE AT T 55 R4 . The white dot in figure 11-a indicates that the UAV has carried
out image acquisition here.
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Table 3 Sub area data parameters of the test site

U Y i

Bl ERYm® - R /m e of boundary

Sub area number Area Perimeter points
FIX 1 Sub area 1 392.8 101 8
FIX 2 Sub area 2 381.6 99 4
F-IX 3 Sub area 3 529.4 91 5
FIX 4 Sub area 4 734.6 117 10
FIX 5 Sub area 5 591.8 158 8
FIX 6 Sub area 6 5 808.1 301 7
FIX 7 Sub area 7 482.2 100 6
] FIX 8 Sub area 8 1217.8 148 12
12 RIEH AT AN B B TIX 9 Sub area 9 1052.7 138 8
Fig.12 UAYV remote sensing images of the test site FIX 10 Sub area 10 340.5 74 5
1~11 FFXF5, 1-11 are the sub area number. FIX 11 Sub area 11 354.4 79 6
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Sub area traversal sequence planning based on Schematic diagram of sub area traversal sequence
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Fig. 13 Simulation results of multi field block traversal sequence

based on improved ant colony algorithm
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Fig. 14 Simulation results of multi field path planning in test site
F AR X A7 7 B ) BT A WL AT R B . The white area in the figure
represents the presence of obstacles or the drone not performing image acquisition in the area.
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Table 4 Comparison of three multi field path planning methods

Tk eIt i ity T HAE K E/m
Method Optimal traversal order Shortest path length
A3L This paper 3-1-2-4-5-7-11-10-8-9-6 519.96
. 5 MH
AIE R BIIE XS ok 5-2-1-3-4-6-9-8-10-11-7 525.33

Adaptive heating simulated annealing algorithm[2*!

REFERIIL SRR &

Combination of energy consumption model and genetic algorithm

(18] 2-1-3-4-5-6-8-9-10-11-7 540.27
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