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3D Path Planning Approach Based on Gravitational Search
Algorithm for Sprayer UAV

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

Abstract; In order to improve the field efficiency and reduce the operation cost, a research was
conducted on the path planning method for the sprayer UAV in the field with 3D terrain. Firstly, aiming
at building a 3D environment model, the grid method was selected to divide the field into small grids with
the initialized properties. Secondly, the UAV was ordered to move from the current grid to the adjacent
one with the highest probability. And therefore a coverage path which moved from one extreme of the field
to the other in direction parallel to the crop rows alternately and turned at the boundary was identified.
Thirdly, a mathematical model was established, of which the objective was to obtain the optimal return
points with the minimum time in the non-spraying mode. Once the gravitational search algorithm was
applied to solve the model, the planned path with return points would be outputted automatically by the
proposed method. Furthermore, the proposed method was compared with the method for 2D terrain in a
700 m x 100 m field, of which the result showed that there was deviation between the positions of the
return points calculated by the different methods. And the same field was taken to test the performance of
the proposed method, in which the proposed method was compared with simple path plan method and
unplanned path respectively. Results showed that the advantages of the proposed method at the distance
of the round trips was reduced by 23% and 90% , while the non-spraying time was reduced by 7% and
54% , respectively. After that, the proposed method was applied to a real field with 3D terrain. And the
distance of the round trips and the non-spraying time were reduced by 11% and 5% , respectively in the
experiment. Finally, the research result indicated that the proposed method was a reasonable, feasible
and useful alternative to produce paths with less time for the sprayer UAV.
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1 22.5 302.5 22.5 297.5 2.0 1 22.5 2.5 1.3 17.5 2.5 1.3
2 42.5 517.5 42.5 512.5 2.0 2 42.5 2.5 1.3 37.5 2.5 1.3
3 62.5 652.5 62.5 647.5 1.6 3 62.5 2.5 1.3 57.5 2.5 1.3
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5 87.5 2.5 1.3
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Fig.4 Simple path planning for field with 3D terrain
iz FHAS SO i 3 T GSA B350 = 4k pR 12 B
R kA5 B ry AR A5 R
D=(2402, 2484, 2562, 2669)
o 2Kyt T S PR DR AR B 5 R
D =(2400.95,2 480. 81,2 561. 10,2 665. 62,2 695.96)
BRI A B S A WS R,

7001 O Grid-GSABRMBGINEMA _ —~

600 — ]
500 H

400 H

y/m

300 H

200 4

100 H

0 20 4(‘)J o 60 80 1(30
K5 FET GSA By =4k B2 M A 45
Fig.5 Path planning results based on GSA
2 Pl IR S A O B R R 1 AH OG B 15 B an 3R 2
F s o
2.3 ZBRM AR
i AR A A7t il i o AALE il g il
T AALR T pixhawk FF I8 ©AT 36 R4, A BL
SR B RGPS g A, i < i 5 88 4 %

PEATRE i, HL AR AT 5 I BR B D RE , E i 2
AU R LI e LB R BT S I AL A AT 6 Fr
Ro

K6 Il it g 5
Fig.6 UAV and environment for experiment
6 I HH b T G 1] 7 i s (AL T BB R VLA S R
WM ELEHA,2017 4£5 J 11 H), Hil A A A
F s B BERAR 2.9 m, EAML “ATEJE 1 m,
R ZIAIEE N 0.5 m,

K7 35
Fig.7 Field for experiment

3T A A b S PR R B A5 S, B AT A5
PRI 5 AR A, A 8 B .

HE TSRS A0 R T A b T 3, T B
MR WA QAT AR A0 Rl 1 i A DA% (ol ) ok, 15
BN FLR T S5 0 AR R BB SR 4 ) 16 387 m 5
14 578 m , JEAHAR-AE MV 15 [8] 43 53] 2~ 85 min 5 81 min,
PRI 5 1Y 2 R T O A 3 s o

3 HBRHWMEITR

XE 2.1 R ) 4G = 4k AT AR AL
S ERF, A S AR I SR AU A 22 A A 2 L o R



32 & A Bl B ¥ i

2018 4

52 104 15( 208 260 31" 364 416 468 520
(a) qzﬁl’ﬁ—l

612
544
476
408

£ 340
= 272
204
136

0

(b) =4K
B8 56 H RS )R AT A

Fig. 8 Optimal return points for experimental field
#3 A0 EMBKFEAEE
Tab.3 Data of path planning result for experimental field

m
B L e Bl
X y z E‘E?A‘%‘
1 27.5 227.5 1.0 230.1 2695.0
2 52.5 267.5 1.0 273.6 2 450.0
3 82.5 2.5 1.5 84.0 2695.0
4 102.5 17.5 1.8 105. 8 1995.1
5 122.5 112.5 1.6 167.9 2695.5
6 142.5 127.5 1.7 192.9 2695.7
7 162.5 152.5 1.8 224.6 2625.9
8 182.5 137.5 2.0 230.6 2495.9
9 202.5 152.5 2.2 255.7 2445.8
10 222.5 167.5 2.3 280. 8 2395.6
11 242.5 172.5 2.5 300. 1 2345.5
12 262.5 157.5 2.7 308. 8 2295.4
13 282.5 152.5 2.9 323.9 2275.5
14 302.5 157.5 3.1 344.1 2245.8
15 322.5 372.5 1.9 494, 6 2416.5
16 347.5 387.5 1.9 522.3 2547.1
17 372.5 112.5 2.8 392.0 2578.8
18 397.5 357.5 1.9 536.5 2679.1
19 422.5 357.5 1.9 555.3 2 696. 1
20 447.5 107.5 2.9 463.2 2545.0
21 472.5 107.5 3.0 487.5 2095.6
22 497.5 117.5 3.2 514.4 2615.8
45 517.5 22.5 1.1 519.1 1880.6
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Tab.4 Data comparison of path planning results
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Tab.5 Consumption of battery power %

FL L 2 GSA #i %l a7 B ALK A
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Fig. 10 Optimal return points for experimental field
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