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Path Planning Method Based on Grid — GSA for Plant Protection UAV

WANG Yu CHEN Haitao LI Yu LI Haichuan
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: Due to the limited battery power and pesticide capacity, the plant protection UAV need return
to the supply point frequently in the process of plant protection. With the work area increasing, more time
would be spent on battery replacement, pesticide filling and round trips between each return point and the
supply point. So an appropriate path with the optimal return points must be planned before starting the
work , in order to minimize the total time and improve the efficiency of the plant protection. For the
purpose, a research was conducted on the path planning method for the plant protection UAV. Firstly,
aiming at building an environment model which could describe the working area, the grid method was
selected to divide the working area into small grids with the initialized weights, which were depended on
the working area’ s size and shape. Secondly, the UAV was made to fly from the current grid to the
adjacent one with the highest probability, which was calculated according to both the grids’ initialized
weights and the heading direction of the UAV. Incentive coefficients were added to the weights of the
grids located in the front, left rear and right rear of the UAV so that the parallel routes were followed
which moved from one extreme of the working area to the other alternately and turned at the boundary.
Then the quantity and position of the return point could be outputted by controlling the distance in the
spraying mode. Thirdly, a mathematical model was established. The quantities of the return times in the
artificial planned path and the unplanned path were taken as the upper and lower limits of the search
space respectively. The distance of each flight in the spraying mode was chosen as the variable, and the
dimensions of which were depended on the search space. The objective was to obtain the optimal return
points with the minimum time in the non-spraying mode. After that the gravitational search algorithm
(GSA) was applied to solve the model. Based on the methods and processes above, a new path planning

method was proposed. Then the method would output the planned path with return points automatically by
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inputting the data about the environment and the UAV such as the size of the working area, the direction
of the crop row and the speed of the UAV. At last, for the test of the performance of the proposed path
planning method, a 700 m x 100 m working area with the irregular boundary was taken as an example for
the path calculation. The path calculated by the proposed method was also compared with the artificial
planned path and the unplanned path respectively, which showed the non-spraying distance of the
proposed method was reduced by 14% and 68% , while the non-spraying time was reduced by 21% and
36% . Furthermore, a field experiment with the real UAV was used to test the proposed deviation
rectification algorithm. Finally, the study indicated that the proposed method which could produce paths
with less working time was a reasonable, feasible and useful solution for the path planning problem of the
plant protection UAV.
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Tab.2 Number of return points varying with length of

working area

Tl [X 3 LR ) (SR U] i

KJE/m IR AT B IR A A
100 3 3 0
200 7 8 1
300 11(10) 12 1(2)
400 14 16 2
500 18 24 6
600 22 24 2
700 25 49(47) 24(22)
800 29 49 20
900 33 49 16
1000 37(36) 49 12(13)
1100 40 49 9
1200 44 49 5
1300 48(47) 49 1(2)
1348 49 49 0

*3 EMANERELKEEETLBER
Tab.3 Number of return point varying with width of

working area

b X 38k BRI B TR HL B R I .

FEBE/m B AR B RE
100 7 8 1
200 14 16 2
300 22 24 2
400 29 33 4
500 37 41 4
600 44 49 5
700 51 58 7
800 59 66(67) 7(8)
900 66 74 8
1000 74(73) 83 9(10)
1100 81 91 10
1200 88 99 11
1300 96 108 12
1 400 103 116 13
1500 111(110) 124 13(14)
1 600 118 133 15
1700 125 141 16
1 800 133 149 16
1900 140 158 18
2000 148 166 18
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Fig.3  Weight distribution around plant protection UAV
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Tab.4 Results of path planning based on Grid - GSA
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3 23 11 2 700 51 15 60 1 1
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5 37 45 1484 117 9 34 1 1
6 43 47 2700 127 15 61 0 0.7
7 49 49 1 496 139 9 35 1 1
8 55 51 2 700 150 15 62 0 0.7
9 61 49 1500 156 9 35 1 1
10 67 51 2 700 168 15 62 0 0.7
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Tab.5 Data of return point outputted by computer
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Tab.6 Measured data of return point m
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x y x ¥
1 31 62.9 7.1 1.5
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Tab.7 Data of path planning results
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Tab.8 Consumption of battery power %
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